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Abstract  
   
Safeguarding the environment and public health   and ensuring nuclear safety depend heavily on regulatory authority to 
regulate the discharge of radioactive pollutants into the environment around nuclear installations. With an emphasis on 
the role of regulatory bodies in supervising the operations of nuclear facilities and guaranteeing their adherence to 
established standards, this reference study examines the national and international regulatory frameworks controlling 
the prevention, monitoring, and environmental impact assessment of radioactive emissions. The study examines the 
guidelines and standards published by the United Nations Scientific Committee on the Effects of Atomic Radiation 
(UNSCEAR), the International Atomic Energy Agency (IAEA), and the International Commission on Radiological 
Protection (ICRP). It also shows how these standards can be incorporated into national laws, licensing, inspection, and 
oversight systems. Additionally covered are emergency response plans, continuous environmental monitoring programs, 
modeling of air contamination releases, and environmental impact assessments. 
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Introduction 
 
Ensuring environmental and health safety in nations that 

use nuclear technology for peaceful reasons requires 

effective regulation of nuclear and radiological activities. 

In compliance with globally accepted radiation safety 

standards, this regulation is founded on legal and 

technical frameworks designed to stop the spread of 

radioactive contaminants and reduce their possible 

impacts on people and the environment. National 

authorities have an essential regulatory role in this 

situation. To ensure complete conformity to appropriate 

radiation dose levels, these bodies create regulations, 

issue licenses, oversee adherence to regulatory 

standards, and carry out monitoring and audit programs. 

The Kingdom of Saudi Arabia is one of the nations that 

has enacted a thorough regulatory system for this reason. 

In order to regulate and oversee all nuclear and radiation-

related activities and practices in the Kingdom, including 

safeguarding the environment from potential radioactive 

effects, the Nuclear and Radiological Regulatory 

Commission was established as an independent body 

with administrative, financial, and legal autonomy.  
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In addition to meeting the Kingdom's responsibilities 
under pertinent international treaties and agreements, 
the Nuclear and Radiological Uses Control System was 
established by Royal Decree No. (M/82), which serves as 
the primary legal framework for this control. Its goals are 
to achieve the highest standards of nuclear safety and to 
appropriately protect people and the environment from 
any harmful effects of ionizing radiation [1-8]. 
 

Atmospheric Dispersion Model 
 

An essential technique for evaluating the environmental 
impact and guaranteeing the security of industrial and 
nuclear activities is modeling the dispersion of 
contaminants in the air. To forecast how gases or 
dangerous compounds will move through the atmosphere 
following a spill, it uses computer simulations [9-12]. By 
calculating pollutant concentrations, exposure levels, and 
windward hazard zones, these models support risk 
management, public safety, and regulatory compliance. 
Dispersion models are a vital tool for government 
organizations in creating air quality regulations and 
organizing emergency responses, such as chemical or 
radioactive accidents, and are widely utilized in a variety 
of industries, including oil and gas, energy, and chemicals 
[13-21]. Estimates of impacted areas and suitable 
preventive actions, such evacuation or staying put, are 
provided by their findings, particularly when employing 
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worst-case scenarios. Traditional Gaussian column 
models, Lagrange models, and the more sophisticated 
computational fluid dynamics (CFD) models are the three 
primary generations of dispersion modeling 
methodologies. Depending on whether these models are 
used for emergency response with programs like RASCAL 
and HOTSPOT or for probabilistic risk assessment with 
tools like MACCS and COSYMA, their complexity varies 
[22-29].  
  
Gaussian Dispersion Model 
 
The Gaussian Dispersion Model (GDM) is a type of air 
quality model that is derived from the Gaussian 
distribution equation, is given by equation [1][2]., often 
known as the normal distribution. When simulating inert 
or stable air contaminants distributed throughout the 
atmosphere, GDM works well. It is predicated on the idea 
that the pollution source's puff or plume will disperse 
throughout the atmosphere as shown in fig (1) and attain 
a steady-state condition.  

 
 

Fig.1 Behavior of effluents released to the atmosphere 
 
According to the Gaussian distribution theory, the 
concentration of the pollutants in the plume is highest in 
the direction of the wind and decreases in the direction of 
the crosswind. The analytical solution of the mass 
conversation equation under idealized conditions, such as 
a constant wind field, is the Gaussian distribution. 
Consequently, some assumptions need to be taken into 
account while using GDM in air quality simulation:  
 
1. Presumptions of constant, consistent wind direction 
and speed. Uniform wind fields are invariant in space, but 
steady wind fields are invariant in time. 
2. The simulated air pollutants must be stable or inert 
species found in the environment, such as sulfur dioxide, 
carbon monoxide, and so forth. 
 

In general, the following applications could make use of 
the GDM: 
 
1.Pollution control and chimney design  
2.Applying for a stationary source permit  
3.Monitoring network and station design  
4.Evaluation of the fuel change  

5. Assessment of technologies for reducing air pollution  
6.Auxiliary control system planning and design  
7.Evaluation of newly identified sources of environmental 
pollution  
8.Air pollution control zone division  
9. Research on programs to reduce air pollution 
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Radiological Applications of Atmospheric Dispersion 
Models 
 
Assessing the risk requires an accurate simulation of the 
air dispersion of radioactive elements. Depending on the 
assessment's objectives, there are three different kinds of 
nuclear disaster effect assessments: 
 
(1) PRA, or probabilistic risk assessment. Probabilistic 
analysis would be used to evaluate the risk of a possible 
mishap, taking into account the likelihood of each 
incident occurring as well as its spectrum of 
consequences.  
(2) Assessment of consequences in real time. The 
objective is to enable emergency response managers 
prior to accident releases and to provide advice for 
emergence response through assessment or prediction. 
The real-time consequence evaluation is broken down 
into three phases: latent, intermediate, and early. 
(3)  Evaluation of previous accident consequences. This 
entails conducting studies to evaluate the effects by 
tracking the movement of radioactive particles for 
previous releases. Because it provides technical 
assistance for environmental and health forecast and 
decision-making, atmospheric dispersion modeling is one 
of the most useful instruments for effective emergency 
response. Making models as precise as feasible is hence 
crucial /30-31/. 
 
The Nuclear and Radiological Regulatory Commission's 
regulatory framework in the Kingdom of Saudi Arabia : 
/32/ 
 
1. The National Legislative Framework: 
 

- The Law on the Control of Nuclear and Radiological 
Uses, issued by Royal Decree No. (M/82) dated 25/7/1439 
AH. This law defines the scope of oversight for all nuclear 
and radiological practices within the Kingdom and 
establishes the legal basis for licensing radiological 
activities and permits, as well as protection from the 
effects of radiation. 
- The Law on Civil Liability for Nuclear Damage, issued by 
Royal Decree No. (M/81) dated 25/7/1439 AH. This law 
regulates civil compensation for damages resulting from 
nuclear accidents within the Kingdom or during the 
transport of nuclear materials, in accordance with the 
standards of international agreements (such as the 
Vienna Convention). 
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- The Counter-Terrorism and Financing of Terrorism Law is 
linked to the implementation of nuclear oversight to 
ensure that nuclear and radioactive materials are not 
used in terrorist activities. 
 
2. Organization of the Nuclear and Radiological 
Regulatory Authority: 
 
A. Establishment of the Authority: The Nuclear and 
Radiological Regulatory Authority was established by 
Cabinet Resolution No. 334 dated 25/6/1439 AH (March 
12, 2018), to create an independent regulatory body with 
its own legal, financial, and administrative personality, 
reporting to the Prime Minister. 
B. The Authority's core tasks and powers, as defined by its 
regulations, include: 
- Regulating and monitoring all nuclear and radiological 
activities and practices in the Kingdom. 
- Developing policies and technical regulations related to 
nuclear and radiological safety and security. 
- Adopting and implementing international safety 
standards that comply with the requirements of the 
International Atomic Energy Agency (IAEA). 
- Issuing licenses and conducting inspections of facilities 
and practices. 
- Monitoring the import, export, and trade of nuclear 
materials and radioactive sources. 
- Regulating requirements for preparedness for nuclear 
and radiological emergencies. 
- Raising awareness about the dangers of radiation and 
promoting a culture of safety. 
- Cooperating with international organizations and their 
counterparts in other countries. 
 
3. Implementing Regulations and Regulatory Support: 
 
A. Implementing Regulations: Following the issuance of 
the Law on the Control of Nuclear and Radiological Uses, 
implementing regulations were prepared detailing 
operational and inspection procedures, clarifying the 
responsibilities of relevant authorities, and outlining 
procedures for reviewing violations and standards for 
applying penalties. 

B. The guidelines and protocols also include parts of 
the legislative framework that integrate the roles of the 
Authority and government entities to ensure the smooth 
implementation of oversight tasks, based on the 
principles of Islamic Sharia and Saudi regulations. 
 

4. International Commitment and Global Standards  
 

Saudi Arabia fulfills its international obligations by 
participating in agreements and treaties related to 
nuclear safety and radiation security, such as the Treaty 
on the Non-Proliferation of Nuclear-Weapons (NPT) and 
other international protocols. 
 
5. Objectives of the Legislative Framework: The legislative 
and regulatory framework aims to: 

- Protect people and the environment from the harmful 
effects of radiation. 
- Ensure compliance with international standards for 
nuclear safety and security. 
- Regulate the peaceful use of nuclear energy and 
radioactive sources. 
- Establish mechanisms for accountability and 
compensation in the event of damage. 
- Promote a culture of safety and effective oversight 
through independent monitoring. 
 
Researches for Radiation Protection 
 
1- Abdullah bin Saleh Al-Khalawi and Abdulrahman bin 
Mohammed Al-Arfaj/33/ "The research found that, 
radiation is being used extensively in many different 
industries, including industry, medicine, scientific study, 
and measurement. Radiation protection plays a 
significant and active role in light of the large and 
continuous growth in the numerous and diverse uses of 
atomic energy.  
2- Zubaida Abdul Hadi/34/ " The investigation found 
that, Sustainability of the legal regulation of nuclear 
security and safety for the peaceful uses of nuclear and 
radioactive materials in the Kingdom of Saudi Arabia in 
accordance with regional and international agreements" 
came to the conclusion that there is a Saudi legislative 
framework that regulates the rules related to nuclear 
control. 
3- Dalal Alamoudi, et al /35/" The study found that, in 

the medical field, ionizing radiation is frequently 

employed as a diagnostic and therapeutic technique. In 

healthcare settings, nurses are crucial because they must 

stay up to date on radiation safety regulations, 

accompany patients throughout tests, and expose them 

to internal X-ray processes. The purpose of this study is to 

evaluate nurses' knowledge and comprehension of 

ionizing radiation physics, safety, and protective 

principles related to related dangers. Developing 

radiation protection measures for nurses requires 

strengthening safety culture and creating uniform 

recommendations at the national and international levels. 

4- N. Shubayr,et al /36/" The purpose of this study was 

to assess how medical radiological technicians in the 

Kingdom of Saudi Arabia perceived radiation safety 

culture. The study, which includes MRTs from several 

Saudi Arabian hospitals and medical facilities, was 

conducted between June 2022 and February 2023.  

5- N. Shubayr, et al /37/"The research found that, the 

effective radiation exposures for Saudi Arabian diagnostic 

radiology workers between 2015 and 2019 were analyzed 

retrospectively using thermo luminescent dosimeters. 

They worked in 412 hospitals and clinics run by the Saudi 

Ministry of Health. Medical assistants, radiologists, and 

radiological technologists are the diagnostic radiology 

personnel in this study.  
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6- Ali Aldhebaib, et al /38/ " This study received 
responses from 204 patients in total. It is made clear that 
there were 85.8.3% males and 55.4% females, ages 
ranging from 18 to 51 years and older, and educational 
levels ranging from less than higher school to Ph.D. 
Additionally, we discovered that a significant portion of 
the responders agreed with the queries. The majority of 
respondents were unaware of imaging techniques that do 
not require ionizing radiation, which was an unexpected 
finding. Additionally, 59 respondents gave a "No" 
response when asked where they got their information, 
and they did ask their doctor about radiation risks before 
X-ray exams. These respondents also gave a significant 
number of undecided and disagree responses (41.7% and 
33.3%) regarding radiation exposure when traveling by 
airplane. 
7-  Abdulrahman A. Al-Sayyari et al /39/ "The study's 
objective is to evaluate the degree of adherence to 
radiation protection standards in Buraydah, Al-Qassim 
State, all of the participants in this study were 
undergraduate internship students in the department of 
radiologic technology at the university. Every participant 
(100%) had a personal dosimeter in the form of TLD 
cards. 86% of participants knew that doors and walls are 
made of lead, and 92% of participants knew that a lead 
apron should be worn when collecting radiographs.In this 
study, radiologic technologists' deep and shallow dosage 
exposures while performing their daily duties in hospital 
radiology departments were evaluated using TLD cards 
with two Lithium-Fluoride (Li-F) crystal chips.  
8- R. Ahmed, et al /40/ " This initial descriptive study was 
conducted in three hospitals in Taif City, Saudi Arabia, 
with the goal of assessing radiographers' performance 
and understanding regarding radiation protection during 
clinical practice. One of the paper's authors used a well-
structured, pretested, self-administered questionnaire to 
gather data from 75 radiographers who work in different 
hospitals between September and November 2014. 
Concerning the circumstances in Taif City, As far as we are 
aware, no comparable study has been conducted on this 
topic therefore far. There were 30.7% women and 69.3% 
men in this study. The percentage of people with a 
diploma was 54.7%, a bachelor's degree was 44%, and a 
PhD was just 1.3%. The majority of participants (98.7%) 
were aware that doors and walls are made of lead, and 
they utilized their Thermal Luminance Dosimeters (TLDs) 
on a regular basis to check their radiation exposure, with 
72% wearing lead aprons. 
9- L. Alotaibi, et al  /41/"  The purpose of this research is 
to evaluate the present knowledge and attitudes of 
radiographers employed in medical facilities in Al-Qassim, 
Saudi Arabia, there were 69 male and 31 female 
radiographers among the 100 survey participants. The 
majority of radiographers were found to be under thirty 
years old, with 54% having less than five years of 
experience.  
10- Jaber Alyami, Mohamed hamed Nassef /42/" The 
study show that, in order to reduce exposure to both 

patients and operators, the state's national regulatory 
agency oversees ionizing radiation sources, including 
diagnostic radiology. The level of technical radiation 
protection requirements and the state of implementing 
national regulatory standards for various diagnostic 
facilities in Saudi Arabia are evaluated and analyzed in the 
study.  
11- A. Alyami, et al  /43/"  the purpose of this study was to 
assess the degree of radiation protection knowledge and 
safety procedures among Saudi Arabian nurses employed 
in nuclear medicine departments (NMDs) in public, 
private, and specialty hospitals. Forty-two nurses who 
worked in NMDs without rotating across different 
radiology departments were given a cross-sectional 
survey. The results of this study show how important it is 
to train and keep teaching nurses about radiation 
protection and radiological procedures in NMDs. This 
raises awareness of radiation protection and safety 
protocols. 
12- Kholoud J. et al/44/ " The study's objective is to 
evaluate medical students' understanding of nuclear 
radiation in Saudi Arabia's Riyadh universities. According 
to the study, 16.1% of respondents knew enough about 
nuclear radiation . Additionally, 39.2% lacked sufficient 
knowledge, although 44.7% possessed moderate 
knowledge. One of the limitations is that 81.5% of people 
don't know how to use personal monitoring devices, and 
51.5% don't know about dose limits. Additionally, 
compared to clinical and preclinical students, who had 
numbers of 16.3% and 8.1%, respectively, 74.1% of 
interns demonstrated acceptable awareness, 70.8% 
preferred using medical websites for information, and 
44.7% chose e-learning.  
13- Xiaole Zhang, et al /45/" The main elements of the risk 

assessment of airborne CBR hazardous pollutants have 

been integrated into a framework called SAFER, which 

stands for source, assimilation, fundamentals, exposure, 

and risk. These techniques and models can support 

evidence-based policymaking, effective risk prevention, 

emergency response to airborne CBR contaminants, and 

risk preparedness. 

14- Rafał Dąbrowski, et al /46/ " It was discovered that a 

less sensitive equipment (such as a common GM counter) 

located more than 5 km from the nuclear reactor might 

not be able to detect the radioactive pollution following a 

little anomalous discharge. However, because the 

radiation field may be excessively strong, a more sensitive 

detector might not be suitable for measurements over a 

shorter distance.  
 

15- YAO Rentai /47/ " The technique and method of 
atmospheric dispersion modeling of radioactive material 
in radiological risk assessment and emergency response 
are briefly addressed in this study. A few recent 
developments regarding China's evaluation of the effects 
of nuclear accidents were presented. Future work should 
prioritize expanding the dispersion modeling scales to 
include urban buildings, creating high-quality experiment 
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datasets and model evaluation techniques, improving 
real-time modeling techniques with constrained inputs. 
16- Juliana de Sá Sanchez Machado,et al /48/ " the dose 
rate study showed that the public is not at risk from the 
possible release of radioactive material in this situation. 
The radioactive plume's behavior throughout the three 
medium was successfully mapped using the chosen 
methodology, yielding precise. 
17- Abubakar Sadiq Aliyu,et al [49] " The findings of this 
study show that the NPP has no appreciable negative 
effects on the environment or public health while it is 
operating normally. However, inside the emergency 
planning zone of the NPP facilities, precipitation-related 
unintentional situations will result in observable radiation 
dangers. 
18- Cawood, L.; Friend, F. /50/ Accidental discharges were 
quantifiable in the environment, according to the 
evaluation of environmental monitoring data. According 
to international radiation protection standards, the 
additional routine impact to a member of the public 
downstream from Necsa was, on average, an annual 
dosage of 0.54 microSv more than that to a person 
residing upstream from Necsa. It may be concluded that 
the monitoring program has successfully achieved its 
primary goal, which is to ascertain how the discharges 
affect the local population and the environment. 
19- Enis Kapdan,et al/51/” in this work the Lifetime cancer 
risks were assessed, and the annual effective dose 
equivalent was computed. According to our analysis, the 
water radioactivity ranged from 1.3×10−5 to 20.6×10−4, 
with a mean of 10.1×10−5, and two readings of water 
samples surpassed WHO standards and lifelong cancer 
risk. 
 

Conclusion 
 

The study showed that in order to ensure effective 
monitoring, environmental modeling results must be in 
line with international standards published by the United 
Nations Scientific Committee on the Effects of Atomic 
Radiation and the International Atomic Energy Agency 
(IAEA). This guarantees that, both in regular operating 
settings and in emergency scenarios, the results of 
scientific study are converted into instruments that assist 
regulatory decision-making. Additionally, taking a risk-
informed strategy improves institutional readiness and 
increases the effectiveness of regulatory resource 
allocation. Sustainable protection of the environment and 
human health is based on the combination of rigorous 
adherence to dose limits, quantitative measurement of 
pollutant dispersion, and ongoing environmental 
monitoring, regulatory accountability for radiation safety 
is the cornerstone that guarantees the application of 
national and international standards and safeguards 
public health against possible risks. 
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