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No breaking news could be more critical than the destruction of three nuclear facilities in a 
neighboring country. As well, no news travels faster than the radiation and hazardous materials 
from such an event reaching your city. On the morning of Sunday, June 22, 2025, following 
major U.S. Air Force strikes on Iran's Fordow, Natanz, and Isfahan nuclear sites, the most 
pressing concern for Iraqis is undoubtedly the immediate and long-term consequences for their 
lives, environment, and children's future. This review outlines the most crucial aspects 
concerning human health and the environment, along with the necessary safety and preventive 
measures to minimize the risks associated with such an event, especially for Iraq, which is 
highly susceptible to the negative impacts of these strikes. 
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1. Introduction 

A nuclear reactor is at the heart of any nuclear 

power plant. It's a complex device engineered to control 

the nuclear fission chain reaction, generating immense 

amounts of thermal energy. This heat is primarily used 

to produce electricity, but reactors can also serve 

research purposes and produce isotopes for medical and 

industrial applications. 

Nuclear reactors operate on the principle of nuclear 

fission, a process where a heavy atomic nucleus 

(typically Uranium-235 or Plutonium-239) splits into 

two lighter nuclei, releasing a tremendous amount of 

energy and new neutrons. In general, the operation of a 

nuclear reactor can be described by the following steps 

1. Initiation: Free neutrons strike the nucleus of a 

Uranium-235 (or Plutonium-239) atom in the 

nuclear fuel. 

2. Fission and Energy Release: The nucleus splits 

into two smaller nuclei (fission products), releasing 

immense thermal energy and emitting 2-3 new 

neutrons. 

3. Chain Reaction: These new neutrons are slowed 

down (by a moderator) to become effective 

"thermal neutrons." They then strike other uranium 

nuclei, causing additional fissions. This self-

sustaining process is known as a "chain reaction." 

4. Control: Control rods are used to absorb excess 

neutrons, ensuring the chain reaction remains 

controlled and sustainable, rather than becoming 

explosive. 

5. Heat Generation: The kinetic energy of the fission 

products is converted into intense heat within the 

reactor core. 

6. Heat Transfer and Electricity Generation: A 

coolant absorbs this heat and is used to boil water 

in a secondary loop (or directly in some reactor 

types) to produce steam. This steam drives a 

turbine, which in turn powers an electrical generator 

to produce electricity. 

While there are different types of reactors (like 

Pressurized Water Reactors - PWRs, Boiling Water 

Reactors - BWRs, Heavy Water Reactors, Gas-Cooled 

Reactors), they all share the following fundamental 

components: 

 

1. Reactor Core: 
This is the central part where the fission chain 

reaction occurs. It contains the fuel, typically enriched 

uranium in the form of pellets assembled into fuel rods. 

It also houses control rods, made of neutron-absorbing 

materials (like cadmium or boron), which are raised and 

lowered to control or stop the reaction rate. The 

moderator (such as water or graphite) is present here 

to slow down neutrons. 

2. Reactor Vessel: 
A robust, high-pressure steel container designed to 

withstand extreme pressure and temperatures. It 

encloses the reactor core and contains the primary 

coolant. Its main function is to contain the reaction and 

radioactive materials. 

3. Coolant System: 
A fluid (liquid or gas, such as water, carbon dioxide, 

or liquid sodium) that flows through the reactor core to 

absorb the heat generated by fission. This coolant 

transfers heat from the reactor core out of the reactor 

vessel to produce steam. 

4. Steam Generators (in Pressurized Water 

Reactors): 
Heat exchangers that transfer heat from the 

radioactive primary coolant (in the primary loop) to a 

secondary (non-radioactive) water loop to produce the 

steam that drives the turbines. 
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5. Containment Structure: 
A large, extremely strong outer structure, typically 

made of thick concrete and steel. It provides a final 

safety barrier, designed to contain any release of 

radioactive materials in the event of an accident within 

the reactor and to protect the reactor from external 

impacts. 

6. Turbine and Electrical Generator: 
The steam produced by boiling water rotates the 

turbines at high speed. The turbines are connected to an 

electrical generator, which converts mechanical 

energy into electrical energy. 

7. Secondary Cooling System and Condenser: 
After passing through the turbines, the steam is 

cooled in a condenser to turn back into water. This 

water is then recycled back to the steam generator (or 

reactor vessel) for reuse in the steam production cycle. 

Nuclear reactor design is a highly complex engineering 

process, aiming to achieve the highest levels of safety 

and efficiency in energy production. 

 

2. Peaceful and Civilian Uses of Nuclear Reactors 

Nuclear reactors, while sometimes associated with 

military applications in the public imagination, are in 

fact a pivotal technology with widespread peaceful 

and civilian uses. They contribute significantly to vital 

fields such as energy, medicine, industry, and scientific 

research. These applications aim to harness the 

immense energy of nuclear fission for purposes 

beneficial to human societies. 

 

2.1 Electricity Generation (Power Production) 

 Primary Purpose of Peaceful Nuclear Energy: 
The main goal for most nuclear reactors globally is 

to generate electricity. Nuclear power plants operate 

by harnessing the heat produced from the nuclear 

fission reaction. 

 How it Works: This heat warms a coolant (often 

water), which then produces high-pressure steam. 

This steam drives turbines connected to electrical 

generators, producing clean, carbon-emission-free 

power. 

 Advantages: Nuclear power provides electricity on 

a large scale, continuously (unlike solar or wind, it's 

not affected by weather), and reduces reliance on 

fossil fuels, thereby helping to combat climate 

change. 

 

2.2 Isotope Production (Medical and Industrial 

Applications) 

Nuclear reactors are the primary source for 

producing many radioisotopes. These are atoms of 

chemical elements that have an unstable number of 

neutrons and emit radiation as they decay. 

 In Medicine (Nuclear Medicine):  
o Diagnosis: Isotopes like Technetium-99m (Tc-

99m) are widely used for imaging internal organs 

such as the heart, brain, bones, and kidneys to 

accurately detect diseases. 

o Treatment: Isotopes like Iodine-131 (I-131) are 

used to treat thyroid cancer, while Cobalt-60 (Co-

60) or Iridium-192 (Ir-192) are used in radiation 

therapy for other types of cancer. 

o Sterilization: Powerful radiation sources are used 

to sterilize medical instruments and pharmaceutical 

products that cannot withstand heat. 

 In Industry:  
o Non-Destructive Testing (NDT): Gamma rays 

from isotopes like Iridium-192 are used to detect 

flaws in welds, pipelines, and aircraft structures 

without damaging them. 

o Thickness and Density Measurement: Used to 

measure the thickness of metal sheets, liquid levels 

in tanks, and material density in various industries. 

o Leak Tracing: Radioisotopes are used to trace 

leaks in underground pipelines or closed systems. 

o Product Sterilization: Sterilizing certain food 

products and cosmetics to extend their shelf life and 

eliminate bacteria. 

 

2.3 Scientific Research and Training 

 Research Reactors: These are smaller reactors 

specifically designed for research and educational 

purposes. They are not used for electricity 

generation. 

 Neutron Production: These reactors provide an 

intense flux of neutrons used to study material 

properties, develop new materials, and enhance our 

understanding of nuclear physics. 

 Personnel Training: They are used to train 

engineers, scientists, and technicians in nuclear 

technology. 

 

2.4 Water Desalination 

 The thermal energy produced by some nuclear 

reactors is used in water desalination processes, 

especially in regions facing freshwater scarcity. 

Reactors can efficiently provide the necessary 

energy to power large desalination plants. 

 

2.5 Naval Propulsion 

 Small nuclear reactors are used as a power source to 

propel submarines and aircraft carriers, giving 

them the ability to operate for very long periods 

without needing to refuel. 

Nuclear reactors play an indispensable role in the 

advancement of modern civilization, providing clean 

energy, contributing to disease diagnosis and treatment, 

supporting industrial innovation, and expanding the 

horizons of scientific research. 

 

3. Military Uses of Nuclear Reactors 

Beyond their civilian applications, nuclear reactors 

play a critical, albeit controversial, role in military 

contexts. Their primary military use centers on 
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propulsion for naval vessels and the production of 

fissile materials for nuclear weapons. 

 

3.1 Naval Propulsion 

 Submarines: Nuclear reactors are the cornerstone 

of modern naval propulsion for submarines. Unlike 

conventional diesel-electric submarines that need to 

frequently surface to recharge batteries (requiring 

air for diesel engines), nuclear-powered submarines 

can remain submerged for months at a time, limited 

only by food supplies. This provides unparalleled 

stealth, endurance, and global reach. 

 Aircraft Carriers: Large surface warships, 

particularly aircraft carriers, also utilize nuclear 

reactors for propulsion. This enables them to 

operate at high speeds for extended periods without 

needing to refuel, significantly enhancing their 

operational range and deployment flexibility across 

the world's oceans. 

 Mechanism: In these applications, the reactor 

generates heat through fission, which is then used to 

produce steam. This steam drives turbines, which in 

turn power the ship's propellers. The long 

operational life of a reactor core means these 

vessels can travel vast distances without frequent 

refueling, giving them a significant strategic 

advantage. 

 

3.2 Production of Fissile Materials for Nuclear 

Weapons 

 Plutonium-239 Production: Specialized nuclear 

reactors, often called production reactors (or 

sometimes research reactors if used for this 

purpose), are designed to produce Plutonium-239. 

This is achieved by irradiating Uranium-238 (a 

common isotope of uranium) with neutrons. The 

Uranium-238 absorbs a neutron and, through a 

series of radioactive decays, transforms into 

Plutonium-239, which is a key fissile material for 

nuclear weapons. 

 Tritium Production: Some reactors can also be 

used to produce Tritium (Hydrogen-3), an isotope 

of hydrogen essential for boosting the yield of 

modern thermonuclear (hydrogen) weapons. 

 Highly Enriched Uranium (HEU): While 

enrichment facilities (like centrifuges) are primarily 

responsible for producing Highly Enriched 

Uranium (HEU) suitable for weapons, the HEU 

itself is designed to be used in a reactor (or weapon). 

Research reactors, though not weapons-producing 

reactors themselves, can sometimes use HEU as 

fuel, and its production is a proliferation concern. 

 Dual-Use Nature: The ability of some reactor types 

(particularly heavy water reactors) to efficiently 

produce plutonium, even when nominally used for 

research or power, highlights the dual-use nature 

of nuclear technology, making international 

safeguards and non-proliferation treaties crucial. 

 

4. Implications and Concerns 

The military uses of nuclear reactors are at the heart 

of global non-proliferation efforts. While nuclear 

propulsion offers significant strategic advantages, the 

production of fissile materials like Plutonium-239 

directly contributes to the potential for nuclear weapons 

development. This dual-use capability is why 

international bodies like the IAEA monitor nuclear 

programs worldwide to ensure peaceful uses and 

prevent proliferation. 

 

5. The Importance of Nuclear Reactors: Driving 

Economic Growth, Development, and 

Enhancing National Power 

Nuclear reactors, beyond their crucial role in 

electricity generation, hold significant importance for a 

nation's economy, development, and its political, 

military, and strategic standing. They represent a 

long-term investment in a country's future, offering a 

blend of energy security, technological advancement, 

and geopolitical leverage. 

 

5.1 Economic Growth and Development 

Nuclear power plants offer substantial economic 

benefits, making them attractive for nations seeking 

sustainable development: 

 Reliable Baseload Power: Nuclear reactors 

provide a constant, high-capacity supply of 

electricity, known as baseload power. This 

reliability is vital for industries, businesses, and 

modern infrastructure, ensuring stable operations 

and attracting investment. Unlike intermittent 

renewables (solar, wind), nuclear power isn't 

dependent on weather conditions. 

 Job Creation: The nuclear industry is a significant 

creator of high-paying jobs, from construction and 

engineering to operation, maintenance, and 

research. These jobs often require specialized skills, 

fostering a highly skilled workforce and 

contributing to regional economic development, 

particularly in areas where plants are located. 

 Reduced Energy Imports and Price Stability: By 

generating domestic electricity, countries with 

nuclear power can reduce their reliance on imported 

fossil fuels, enhancing energy independence and 

protecting their economies from volatile global 

energy prices. The fuel cost for nuclear plants is a 

minor proportion of total generating costs, 

providing predictable long-term electricity prices. 

 Contribution to GDP: The construction and 

operation of nuclear power plants, along with the 

associated supply chain and supporting industries, 

contribute billions of dollars annually to a country's 

Gross Domestic Product (GDP) through economic 

activity and tax revenues. 
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 Technological Advancement: Investing in nuclear 

technology spurs innovation in engineering, 

materials science, and safety protocols. This 

expertise can then be exported, creating new 

economic opportunities and strengthening a 

country's industrial base. 

 Clean Energy Source: Nuclear power produces 

massive amounts of carbon-free electricity, 

significantly contributing to a country's climate 

goals and protecting air quality. This also aligns 

with global sustainability efforts, which can open 

doors for international cooperation and investment. 

 

5.2 Enhanced Political, Military, and Strategic 

Power 

Beyond direct economic benefits, nuclear reactors 

(and the associated technological capabilities) can 

bolster a nation's broader influence: 

 Energy Security as a Political Tool: A secure and 

diversified energy supply, significantly boosted by 

nuclear power, reduces a country's vulnerability to 

geopolitical tensions, supply disruptions, or energy 

blackmail. This enhanced energy security translates 

into greater political autonomy and leverage on the 

international stage. 

 Technological Prestige and Influence: 
Developing and mastering advanced nuclear 

technology signals a nation's scientific and 

engineering prowess. This can enhance its prestige, 

influence, and standing in international forums, 

allowing it to play a more prominent role in global 

energy and security discussions. 

 Dual-Use Capabilities (Strategic Ambiguity): 
While civilian nuclear power is distinct from 

nuclear weapons, the underlying technology (e.g., 

uranium enrichment, plutonium reprocessing, 

reactor design) has dual-use applications. 

Possessing an advanced civilian nuclear program 

can, in some geopolitical contexts, provide a 

country with strategic options or perceived 

deterrence capabilities, even if it adheres strictly to 

non-proliferation treaties. This "strategic 

ambiguity" can indirectly enhance its bargaining 

power. 

 Naval Power Projection: For major powers, 

nuclear reactors are critical for military projection. 

Nuclear-powered submarines can operate covertly 

for extended periods globally, and nuclear-powered 

aircraft carriers provide immense operational range 

and force projection capabilities without needing 

frequent refueling. This directly contributes to a 

nation's military reach and strategic deterrence. 

 International Cooperation and Alliances: 
Involvement in the global nuclear energy sector 

often fosters strong bilateral and multilateral 

relationships through technology transfer, training, 

and regulatory cooperation. This can lead to deeper 

strategic alliances and mutual security interests. 

In essence, a robust nuclear energy program not 

only provides essential power but also acts as a catalyst 

for economic modernization, technological leadership, 

and a stronger, more independent geopolitical standing 

on the world stage. 

 

6. Nuclear Reactor Safety and Security Measures: 

From Construction to Operation 

Building and operating a nuclear reactor involves an 

intricate set of safety and security measures designed 

to protect workers, the public, and the environment 

from the unique risks associated with nuclear 

technology. These measures are continuously refined 

based on international best practices, regulatory 

requirements, and lessons learned from operational 

experience. 

 

6.1 Design and Construction Safety 

Safety is paramount from the very first stages of a 

nuclear power plant's lifecycle: 

 Robust Design Philosophy:  
o Defense-in-Depth: This is a core principle 

involving multiple layers of protection against 

accidents or failures. It includes successive barriers 

to prevent the release of radioactive materials (e.g., 

fuel cladding, reactor vessel, primary containment, 

secondary containment). 

o Inherent Safety Features: Modern reactor designs 

incorporate passive safety systems that rely on 

natural physical phenomena (like gravity, 

convection, natural circulation) to shut down the 

reactor or remove decay heat, even without active 

intervention from operators or power. 

o Redundancy: Critical safety systems are 

duplicated or triplicated to ensure that if one 

component fails, backup systems can take over. 

o Diversity: Using different types of equipment or 

methods for safety functions to prevent common-

cause failures. 

o Fail-Safe Design: Systems are designed to 

automatically revert to a safe state in the event of a 

power loss or component failure (e.g., control rods 

dropping into the core by gravity). 

 High-Quality Construction and Materials:  
o Strict Codes and Standards: All materials and 

construction processes must adhere to stringent 

national and international codes (like those from the 

IAEA) for nuclear-grade components, welding, and 

fabrication. 

o Rigorous Quality Assurance (QA): Extensive 

quality control checks, inspections, and testing are 

performed at every stage of construction to ensure 

design specifications are met and components 

function as intended. 

o Seismic Design: Plants are designed to withstand 

extreme natural events, particularly earthquakes, 
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based on thorough geological and seismic analyses 

of the site. 

 

6.2 Operational Safety 

Once built, nuclear reactors operate under 

continuous, vigilant safety protocols: 

 Highly Trained Personnel: Reactor operators, 

engineers, and maintenance staff undergo extensive 

training, licensing, and continuous requalification. 

They are equipped to manage normal operations, 

anticipate potential issues, and respond effectively 

to abnormal conditions or emergencies. 

 Safety Culture: A strong "safety culture" is 

fostered, where safety is the overriding priority for 

all personnel, and a questioning attitude is 

encouraged to identify and address potential 

hazards. This includes open reporting of all 

incidents, no matter how minor. 

 Automated Safety Systems:  
o Reactor Protection System (RPS): Automatically 

initiates a "scram" (emergency shutdown) by 

rapidly inserting control rods into the core if critical 

parameters (e.g., temperature, pressure, power 

level) exceed safe limits. 

o Emergency Core Cooling Systems (ECCS): 
Designed to inject coolant into the reactor core in 

the event of a loss-of-coolant accident (LOCA), 

preventing fuel damage. 

o Containment Isolation Systems: Automatically 

seal off the containment building to prevent the 

release of radioactive materials in an accident. 

 Continuous Monitoring and Surveillance: 
Thousands of sensors continuously monitor every 

aspect of the reactor's performance, from 

temperature and pressure to radiation levels, 

allowing operators to detect anomalies promptly. 

 Preventive Maintenance and Testing: Regular 

and thorough maintenance, inspections, and testing 

of all plant systems and components are conducted 

to ensure their reliability and functionality. 

 Radiation Protection: Strict measures are in place 

to minimize radiation exposure for workers and the 

public, including shielding, remote handling 

equipment, and limiting the time workers spend in 

high-radiation areas. Environmental monitoring 

around the plant continuously checks for any 

radiological releases. 

 

6.3 Nuclear Security Measures 

Security measures are equally critical to prevent 

malicious acts, whether from external threats or insider 

sabotage: 

 Physical Protection Systems:  
o Multi-layered Barriers: Sites are protected by 

multiple physical barriers (fences, walls, gates), 

monitored by sophisticated intrusion detection 

systems. 

o Controlled Access: Strict access control measures, 

including extensive background checks for 

personnel, biometric identification, and limited 

access to high-security zones. 

o Armed Guards and Response Forces: Well-

trained and equipped security forces are on site 

24/7, ready to respond to any unauthorized access 

or attack. 

 Cybersecurity: Robust digital security protocols 

and systems protect reactor control systems from 

hacking attempts, cyberattacks, or unauthorized 

digital access that could compromise operations. 

 Insider Threat Mitigation: Measures are in place 

to prevent sabotage by insiders, including 

continuous monitoring, strict access protocols, and 

behavioral observation programs for personnel. 

 Protection of Nuclear Material: Specific 

protocols are followed for the physical protection of 

nuclear material during transit, storage, and within 

the facility to prevent theft or diversion. 

 Regulatory Oversight: Independent national 

regulatory bodies (e.g., the NRC in the U.S.) 

enforce strict safety and security regulations, 

conduct frequent inspections, and have the authority 

to impose penalties or shut down plants that do not 

comply. 

 International Standards and Cooperation: The 

International Atomic Energy Agency (IAEA) 
establishes global safety and security standards, 

promotes international cooperation, and conducts 

inspections (safeguards) to ensure nuclear materials 

are used only for peaceful purposes. 

By adhering to these rigorous safety and security 

measures throughout their entire lifecycle, nuclear 

reactors strive to achieve an exceptionally high level of 

safety, making nuclear power one of the safest forms of 

electricity generation per unit of energy produced. 

 

7. Hazardous Materials in a Nuclear Reactor and 

Their Risks to Human Health and the 

Environment 

Nuclear reactors, while operating to produce 

energy, contain a variety of materials that are inherently 

hazardous, primarily due to their radioactivity. If a 

reactor is damaged or destroyed, these materials can be 

released into the environment, posing significant risks 

to human health and ecosystems. 

The primary hazardous materials within a nuclear 

reactor fall into several categories: 

 

7.1 Fissile and Fissionable Materials (Fuel) 

 Uranium (Uranium-235 and Uranium-238):  
o Uranium-235 is the primary fissile isotope, 

meaning it splits to produce energy and new 

neutrons. 

o Uranium-238 is much more abundant and is 

fissionable by fast neutrons, but more importantly, 
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it is converted into plutonium during reactor 

operation. 

o Risks: Both isotopes are radioactive (alpha 

emitters) and chemically toxic, especially to the 

kidneys. If inhaled or ingested, they can lead to 

long-term radiation exposure and chemical 

poisoning. 

 Plutonium (Plutonium-239 and other isotopes):  
o Plutonium-239 is a highly potent fissile material 

produced when Uranium-238 absorbs neutrons in 

the reactor. 

o Risks: Plutonium is extremely radiotoxic 

(primarily an alpha emitter). If inhaled, even tiny 

particles can cause lung cancer. If ingested, it can 

accumulate in bones and the liver, leading to bone 

cancer and other long-term health issues. Its very 

long half-life (e.g., Plutonium-239 has a half-life of 

~24,000 years) means it persists in the environment 

for millennia. 

 

7.2 Fission Products (Byproducts of Fission) 

These are the most dangerous and abundant 

radioactive materials produced during the nuclear chain 

reaction within the fuel. They are highly radioactive 

and have varying half-lives: 

 Iodine-131 (I-131):  
o Risks: Highly volatile and readily absorbed by the 

thyroid gland, especially in children. Can lead to 

thyroid cancer. Its relatively short half-life (approx. 

8 days) means its immediate threat is high but 

diminishes quickly. 

 Cesium-137 (Cs-137):  
o Risks: A potent gamma emitter with a long half-life 

(approx. 30 years). It mimics potassium and is 

easily absorbed by the body, accumulating in 

muscles. It can contaminate soil and water for 

decades, posing a long-term external and internal 

radiation hazard, increasing cancer risk. 

 Strontium-90 (Sr-90):  
o Risks: A beta emitter with a long half-life (approx. 

29 years). It mimics calcium and accumulates in 

bones and teeth, significantly increasing the risk of 

bone cancer and leukemia. It also contaminates soil 

and water for decades. 

 Noble Gases (e.g., Xenon-133, Krypton-85):  
o Risks: These are gaseous fission products. While 

generally less biologically active than iodine or 

cesium, they can spread rapidly through the 

atmosphere, causing external radiation exposure 

and potentially internal exposure if inhaled. 

 Other Fission Products: Numerous other isotopes 

like Ruthenium, Tellurium, Barium, etc., also 

contribute to the overall radioactivity and potential 

health risks. 

 

7.3 Activation Products (From Neutron 

Bombardment) 

These are materials in the reactor's structural 

components (like steel, concrete, and water) that 

become radioactive when bombarded by neutrons 

during operation: 

 Cobalt-60 (Co-60):  
o Risks: A strong gamma emitter with a half-life of 

about 5.3 years. It can be found in activated steel 

components. Poses an external radiation hazard and 

internal hazard if ingested. 

 Iron-55 (Fe-55):  
o Risks: A weaker beta emitter, often found in 

activated steel. Can be an internal hazard if 

ingested. 

 Tritium (Hydrogen-3):  
o Risks: A radioactive isotope of hydrogen, present 

in reactor coolant water (especially heavy water 

reactors). It is a weak beta emitter but can be 

incorporated into biological molecules if ingested 

or absorbed, posing a long-term internal exposure 

risk. 

 Carbon-14 (C-14):  
o Risks: A long-lived beta emitter that can be 

produced from nitrogen or carbon in the reactor 

environment. Can be incorporated into organic 

matter and food chains. 

 

7.4 Contaminated Dust and Particles 

In the event of a reactor's destruction, all these 

hazardous materials can be aerosolized into 

radioactive dust and fine particles. These particles 

can be carried long distances by wind, forming 

radioactive fallout. 

 Risks: These particles pose multiple threats:  

o External Radiation: From particles settling on 

surfaces or skin. 

o Internal Radiation: If inhaled or ingested, leading 

to direct exposure of internal organs. 

o Environmental Contamination: Settling on soil, 

crops, water bodies, contaminating food chains for 

years or decades, making areas uninhabitable or 

unusable for agriculture. 

The immediate and long-term health and 

environmental consequences depend heavily on the 

specific materials released, the amount, atmospheric 

conditions (wind, rain), and the proximity of 

populations to the release site. 

 

8. Safely Shutting Down a Nuclear Reactor 

Safely shutting down a nuclear reactor is a highly 

controlled and meticulous process, whether it's for 

routine maintenance, refueling, or an emergency. The 

fundamental goal is to bring the nuclear fission chain 

reaction to a halt and ensure that the immense residual 

heat produced by radioactive decay is continuously 

removed. 

 

8.1 Key Steps and Safety Features 
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The process involves several critical steps and relies 

on inherent safety features and trained personnel: 

1. Reactor Shutdown (Scram or Manual 

Shutdown): 
o Inserting Control Rods: This is the primary 

method to stop the chain reaction. Control rods are 

made of neutron-absorbing materials (like boron or 

cadmium). When inserted into the reactor core, they 

absorb the free neutrons that sustain the fission 

process. 

o Automatic "Scram": Nuclear reactors have highly 

sophisticated Reactor Protection Systems (RPS). 

Hundreds of sensors continuously monitor critical 

plant parameters (temperature, pressure, neutron 

flux, etc.). If any parameter deviates from safe 

limits, the RPS automatically initiates a "scram" – a 

rapid, full insertion of all control rods into the core, 

typically within seconds. This quickly brings the 

reactor to a subcritical state, meaning the chain 

reaction cannot sustain itself. 

o Manual Shutdown: Operators can also manually 

initiate a shutdown by inserting the control rods if 

required. 

2. Decay Heat Removal: 
o Even after the fission chain reaction stops, the 

radioactive decay of fission products within the fuel 

rods continues to generate significant heat, known 

as decay heat. This heat can be substantial (initially 

up to 5-7% of the reactor's operating power) and if 

not properly managed, could lead to fuel damage or 

meltdown. 

o Cooling Systems Management: The reactor's 

cooling systems (including normal and auxiliary 

systems) continue to circulate coolant (e.g., water) 

through the core to remove this decay heat. The 

coolant then transfers this heat to external heat 

sinks, often through heat exchangers or cooling 

towers. 

o Emergency Core Cooling Systems (ECCS): In 

the event of an accident (like a loss-of-coolant 

accident), the ECCS automatically injects water 

into the reactor core to ensure the fuel remains 

covered and cooled, preventing overheating and 

damage. These systems are redundant and diverse. 

3. Achieving and Maintaining Subcriticality: 
o After control rod insertion, the reactor is in a 

"subcritical" state, meaning it cannot sustain a chain 

reaction. 

o In some reactor designs, a boron solution (a 

neutron absorber) can also be injected into the 

coolant to provide an additional layer of reactivity 

control, particularly for long-term shutdown or in 

emergency situations. 

4. Monitoring and Verification: 
o Throughout the entire shutdown process, operators 

continuously monitor hundreds of parameters to 

ensure the reactor is safely transitioning to a stable, 

shut-down state. This includes monitoring neutron 

levels, temperatures, pressures, and coolant flow 

rates. 

o Procedures and Training: All shutdown 

operations follow strict, pre-defined procedures, 

and operators are rigorously trained to execute them 

flawlessly, both in routine and emergency 

scenarios. 

 

9. Why "Safe" is Crucial 

A safe shutdown ensures that: 

 The nuclear chain reaction is terminated. 

 Residual heat is effectively removed, preventing 

fuel damage. 

 Radioactive materials remain contained within their 

multiple barriers. 

 The plant can transition to a stable, long-term safe 

state (e.g., "cold shutdown" for maintenance or 

decommissioning). 

The layered "defense-in-depth" approach, 

combining robust design, passive and active safety 

systems, highly trained personnel, and continuous 

monitoring, is what makes the safe shutdown of a 

nuclear reactor a highly reliable and controlled process. 

The Chernobyl and Fukushima nuclear accidents 

stand as the two most severe civilian nuclear disasters 

in history, both rated Level 7 on the International 

Nuclear Event Scale (INES). While sharing a common 

devastating outcome – the uncontrolled release of 

radioactive materials – their causes and some of their 

ongoing effects differ significantly. 

 

9.1 Chernobyl Disaster (April 26, 1986) 

The Chernobyl accident occurred at the Chernobyl 

Nuclear Power Plant in Ukraine (then part of the Soviet 

Union). It was the result of a flawed reactor design 

(RBMK type) combined with grossly inadequate safety 

procedures and operator error during a planned safety 

test. During the test, operators violated multiple safety 

protocols, leading to an uncontrolled power surge. This 

caused a steam explosion that blew off the reactor's 

2,000-ton lid, followed by a graphite fire that burned 

for 10 days, releasing massive amounts of radioactive 

material into the atmosphere. The reactor lacked a 

robust containment structure, allowing for widespread 

dispersion. 

Ongoing Effects: 

 Health:  
o Immediate Fatalities: 30 operators and firefighters 

died within months from Acute Radiation 

Syndrome (ARS). 

o Thyroid Cancer: A dramatic increase in thyroid 

cancers, particularly among children and 

adolescents who consumed milk contaminated with 

radioactive iodine (Iodine-131) in the immediate 

aftermath. Over 20,000 cases have been registered, 

with some fatalities. 

o Long-term Health: While comprehensive studies 

have not conclusively linked the accident to 
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significant increases in other solid cancers or 

leukemia in the general population, clean-up 

workers (liquidators) have shown higher incidences 

of leukemia and cataracts. Ongoing monitoring 

continues for exposed populations. 

o Psychological Impacts: Significant and lasting 

psychosocial effects, including anxiety, depression, 

and stress, due to fear of radiation, displacement, 

and changes in lifestyle. 

 Environmental:  
o Exclusion Zone: A 30-kilometer (18.6-mile) radius 

exclusion zone remains largely uninhabitable and 

restricted due to high contamination levels, 

particularly with long-lived isotopes like Cesium-

137 (half-life ~30 years) and Strontium-90 (half-life 

~29 years). 

o Widespread Contamination: Radioactive fallout 

spread across large parts of Ukraine, Belarus, and 

Russia, and detectable levels reached much of 

Europe. Forests and freshwater bodies were 

severely affected. 

o Wildlife: While some immediate adverse effects on 

plants and animals were observed, surprisingly, 

wildlife populations (e.g., wolves, elk, wild boar) 

have often thrived within the exclusion zone due to 

the absence of human activity, despite lingering 

contamination. 

 Social/Economic:  
o Massive evacuations and resettlement of hundreds 

of thousands of people. 

o Long-term restrictions on agriculture and resource 

use in contaminated areas. 

o Enormous economic cost for clean-up, containment 

(e.g., the New Safe Confinement structure), and 

public health programs. 

 

9.2 Fukushima Daiichi Disaster (March 11, 2011) 

The Fukushima Daiichi Nuclear Power Plant 

accident in Japan was triggered by a massive magnitude 

9.0 earthquake followed by a devastating 15-meter 

tsunami. While the reactors successfully scrammed 

(shut down) automatically after the earthquake, the 

tsunami subsequently disabled all power supplies and 

cooling systems (including backup diesel generators 

and heat exchangers) for three operating reactors (Units 

1, 2, and 3). This led to core meltdowns in these three 

units due to the inability to remove decay heat. 

Hydrogen explosions occurred in the reactor buildings, 

releasing significant amounts of radioactive materials. 

Ongoing Effects: 

 Health:  
o No Radiation-Related Deaths: Crucially, there 

have been no confirmed deaths directly attributed to 

acute radiation exposure from the Fukushima 

accident. 

o Displacement-Related Deaths: Over 50 deaths 

were attributed to the long-term effects of forced 

evacuation, including stress, disruption of medical 

care, and suicides, especially among the elderly. 

o Thyroid Cancer Screening: There has been an 

observed increase in thyroid cancer diagnoses 

among children in the region, largely attributed to 

enhanced screening efforts rather than confirmed 

radiation-induced cases. Scientific consensus is that 

the radiation doses received by the public were 

generally low. 

o Psychological Impacts: Similar to Chernobyl, 

significant psychological distress, anxiety, and 

stigma continue to affect evacuees and residents. 

 Environmental:  
o Contamination Zones: Significant localized 

contamination of land and sea around the plant, 

primarily with Cesium-137. Decontamination 

efforts have been extensive, allowing some 

evacuation zones to be lifted, but others remain 

restricted. 

o Contaminated Water: A major ongoing challenge 

is the vast amount of contaminated water stored on 

site (from cooling the damaged reactors and 

groundwater ingress). Japan has begun releasing 

treated, diluted water into the Pacific Ocean, a 

process monitored by the IAEA but still 

controversial. 

o Marine Environment: Initial releases 

contaminated local marine life, leading to fishing 

bans. While levels have largely dropped, ongoing 

monitoring of seafood is essential. 

 Social/Economic:  
o Massive evacuations (over 160,000 people were 

displaced), with many still unable or unwilling to 

return to their homes. 

o Significant economic losses for local agriculture, 

fisheries, and tourism due to contamination fears 

and stigma. 

o The accident led to a re-evaluation of nuclear safety 

standards globally and a temporary shutdown of all 

nuclear reactors in Japan. 

 

9.3 Key Differences in Ongoing Effects: 

While both disasters involved severe meltdowns 

and radioactive releases, Chernobyl's impacts were 

more immediate and severe in terms of acute 

radiation sickness and confirmed thyroid cancers 
due to the lack of containment, the graphite fire, and 

initial delays in evacuation and information 

dissemination. Fukushima's health impacts have 

been less direct, with a greater emphasis on the 

psychosocial effects of displacement and the long-

term environmental challenge of contaminated 

water management. Both have, however, left lasting 

legacies of public distrust, stringent safety reforms, and 

extensive environmental monitoring. 

 



371 
IRAQI JOURNAL OF APPLIED PHYSICS            Vol. 21, Special Issue, June 2025 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   9 

9.4 Consequences of Striking a Nuclear Reactor 

with Large Bombs 

Striking an operational nuclear reactor with large 

bombs would likely result in a catastrophic event, far 

exceeding the scale of typical industrial accidents. The 

primary and most dangerous consequence would be the 

uncontrolled release of massive amounts of 

radioactive material into the environment, leading to 

severe and widespread contamination. 

Here's a breakdown of the likely outcomes: 

1. Breaching of Containment Barriers: 
o Nuclear reactors are built with multiple layers of 

robust containment (e.g., fuel cladding, reactor 

vessel, primary and secondary containment 

structures made of thick steel and reinforced 

concrete). 

o Large bombs are designed to penetrate hardened 

structures. A direct hit with sufficiently powerful 

conventional or bunker-buster bombs could breach 

these vital containment barriers. 

2. Damage to the Reactor Core: 
o Once the containment is breached, the bombs could 

directly damage the reactor core, which contains 

the nuclear fuel. 

o This damage could lead to the loss of coolant from 

the core, or disrupt the cooling systems that 

continuously remove decay heat. 

3. Core Meltdown (if operational): 
o If the reactor is operational or has recently been shut 

down (meaning decay heat is still significant), 

damage to cooling systems would prevent the 

removal of decay heat. 

o This would cause the fuel to overheat, melt, and 

potentially form a molten mass (meltdown). This 

molten core can then melt through successive 

barriers and potentially react with water or concrete, 

leading to explosions. 

4. Massive Release of Radioactive Materials: 
o A core meltdown, especially if the containment 

structure is compromised by the initial bombing, 

would result in the uncontrolled release of highly 

radioactive fission products and actinides (like 

Plutonium, Cesium-137, Iodine-131, Strontium-90) 

into the atmosphere. 

o This release would be in the form of radioactive 

gases, aerosols, and fine particles. The amount 

released could be significantly larger and more 

immediate than in accidental scenarios like 

Chernobyl or Fukushima, as the protective barriers 

would be physically compromised by the kinetic 

energy of the bombs. 

5. Widespread Radioactive Fallout: 
o The released radioactive plume would be carried by 

prevailing winds, leading to widespread 

radioactive fallout over vast geographical areas. 

o The extent and intensity of fallout would depend on 

the size of the release, wind speed and direction, 

precipitation, and the types of isotopes released. 

Areas far from the reactor could be contaminated, 

rendering land unusable for agriculture, 

contaminating water sources, and posing immediate 

and long-term health risks. 

6. Immediate and Long-term Health Impacts: 
o Acute Radiation Sickness (ARS): Individuals in 

the immediate vicinity and downwind areas could 

suffer from severe ARS, potentially leading to rapid 

death. 

o Increased Cancer Rates: Long-term exposure to 

fallout would lead to a significant increase in 

various cancers (thyroid, leukemia, solid cancers) in 

affected populations for decades. 

o Birth Defects and Genetic Damage: Potential for 

increased birth defects and other genetic damage in 

populations heavily exposed. 

o Psychological Trauma: Widespread psychological 

distress, fear, and displacement-related trauma 

would affect millions. 

7. Environmental Catastrophe: 
o Ecological Damage: Severe contamination of soil, 

water, and vegetation would devastate ecosystems, 

impacting agriculture, wildlife, and natural 

resources for decades or even centuries. 

o Long-term Uninhabitability: Large areas around 

the reactor could become permanently or semi-

permanently uninhabitable, requiring mass, long-

term displacement of populations. 

8. Economic and Social Collapse: 
o The economic cost of such a disaster would be 

astronomical, involving massive cleanup efforts (if 

even possible), loss of agricultural land, disruption 

of infrastructure, and long-term healthcare 

expenses. 

o Social structures would be severely disrupted by 

mass evacuations, loss of livelihoods, and the 

pervasive fear of contamination. 

In essence, striking an operational nuclear reactor 

with large bombs would constitute an act of 

radiological warfare, leading to a humanitarian and 

environmental disaster of unprecedented scale, with 

consequences that could span continents and last for 

generations. 

 

10. Distances Severe Effects from Nuclear Reactor 

Destruction Can Reach 

The distances to which severe effects from a nuclear 

reactor destruction can reach are highly variable and 

depend on a complex interplay of factors. There isn't a 

single, fixed range, as the impact can span from a few 

kilometers to thousands of kilometers, with 

consequences potentially lasting for decades or even 

centuries. 

 

10.1 Key Factors Influencing the Geographical 

Extent: 

1. Severity of Reactor Damage and Release 

Magnitude: 
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o Scale of Material Released: The total amount of 

radioactive fuel damaged and structural materials 

aerosolized. A complete core meltdown and 

containment breach will release far more material 

than a partial damage event. 

o Form of Release: Was it a powerful explosive 

event that injected a large plume high into the 

atmosphere (like Chernobyl), or a slower release 

from damaged buildings (like Fukushima)? Higher 

injection into the atmosphere allows for wider 

dispersion. 

2. Meteorological Conditions: 
o Wind Speed and Direction: This is the most 

critical factor. Strong, consistent winds can carry 

radioactive particles hundreds or even thousands of 

kilometers in a matter of hours or days. The 

direction dictates the plume's path. 

o Precipitation (Rain, Snow): Rain can "wash out" 

radioactive particles from the atmosphere, causing 

them to fall to the ground much closer to the source 

in concentrated "hot spots" (known as "black rain" 

in Chernobyl). This can lead to very high local 

contamination far from the general plume direction. 

o Atmospheric Stability: Unstable atmospheric 

conditions (convection) help disperse pollutants 

more widely. Stable conditions (temperature 

inversions) can trap pollutants closer to the ground, 

increasing ground-level concentrations in the 

immediate vicinity. 

3. Nature of Radioactive Materials Released: 
o Particle Size: Larger, heavier particles will deposit 

closer to the reactor site due to gravity. Smaller, 

lighter particles and gases can remain airborne for 

longer periods and travel much greater distances. 

o Half-Life:  

 Short-lived isotopes (e.g., Iodine-131, half-life ~8 

days): Pose an immediate, acute hazard over shorter 

distances, but their danger diminishes relatively 

quickly. 

 Long-lived isotopes (e.g., Cesium-137, half-life 

~30 years; Strontium-90, half-life ~29 years; 

Plutonium-239, half-life ~24,000 years): Can 

contaminate areas for decades, centuries, or even 

millennia, necessitating long-term evacuation, 

cleanup, and monitoring. 

o Chemical Properties: Some isotopes (like Iodine 

and Cesium) are readily absorbed by living 

organisms and food chains, increasing internal 

exposure risks. 

 

10.2 Typical Ranges of Impact: 

Based on historical accidents and modeling, the 

geographical impact can be broadly categorized: 

 Immediate Blast/High Contamination Zone (a 

few to tens of kilometers): 

o This area would experience the direct physical 

destruction of the reactor and extremely high, life-

threatening radiation levels. 

o It would be permanently or semi-permanently 

uninhabitable, requiring immediate and forced 

evacuation. This zone extends from a few 

kilometers up to roughly 30 kilometers (18-20 

miles), similar to the Chernobyl Exclusion Zone. 

o Severe Fallout Zone (tens to hundreds of 

kilometers): 

o This zone would receive significant radioactive 

fallout, making agricultural activities impossible 

and potentially requiring long-term evacuation 

(years to decades). 

o Examples: In Chernobyl, areas hundreds of 

kilometers away in Belarus and Russia received 

high enough contamination to be designated as 

strict control zones. In Fukushima, some areas 

within 20-40 km radius remain restricted or subject 

to extensive decontamination. 

 Moderate Fallout Zone (hundreds to over 1,000 

kilometers): 

o Radioactive particles, particularly lighter ones, 

could travel this far. While acute health effects 

might be less likely, contamination could still affect 

food chains, water sources, and air quality, 

requiring ongoing monitoring, dietary restrictions, 

and potentially long-term health surveillance. 

o Examples: Detectable levels of Cesium-137 from 

Chernobyl were found across much of Europe, 

affecting agriculture (e.g., sheep farming in parts of 

the UK) and requiring monitoring for years. 

 Distant/Global Dispersion (thousands of 

kilometers): 
o Very fine particles and radioactive gases can enter 

the upper atmosphere and be transported globally. 

These concentrations are usually very low and do 

not pose a significant direct health risk, but they are 

detectable. 

o Examples: Detectable levels of radiation from both 

Chernobyl and Fukushima were recorded across the 

Northern Hemisphere. 

In the hypothetical scenario of Iranian reactor 

destruction: Given the proximity of Iranian nuclear 

sites (like Fordow, Natanz, Isfahan) to Iraq (ranging 

from ~250 km for Arak to ~450 km for Bushehr, and 

~400 km for Natanz), and depending on wind 

conditions, the severe fallout zone could extend well 

into Iraqi territory, affecting major population centers 

and agricultural lands for prolonged periods. The 

lighter fallout could potentially reach much deeper into 

Iraq, and even neighboring countries. 

 

11. Major Iranian Nuclear Facilities and Their 

Proximity to Iraq 

Iran operates several key nuclear facilities that are 

central to its atomic program. Their locations, 

particularly in relation to neighboring Iraq, are a 

significant geopolitical and safety concern due to the 

potential for transboundary effects in the event of an 

incident. 
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Here are the most important Iranian nuclear facilities 

and their approximate aerial distances from the Iraqi 

border, and major Iraqi cities: 

11.1 Bushehr Nuclear Power Plant 

 Type: Iran's only operational commercial nuclear 

power plant (PWR - Pressurized Water Reactor). It 

generates electricity. 

 Location: Situated on the Persian Gulf coast in 

southwestern Iran, near the city of Bushehr. 

 Significance: It's an active power reactor, meaning 

it contains significant amounts of highly radioactive 

fission products as a result of sustained operation. 

 Distance to Iraq:  
o Approximately 170-200 kilometers (105-125 

miles) to Kuwait City (as stated in some reports, 

giving an indication of proximity to the Gulf 

coastline shared with Iraq). 

o Approximately 450 kilometers (280 miles) direct 

distance to Basra, the closest major Iraqi city. 

o Around 500 kilometers (310 miles) direct 

distance to Amarah (Maysan Governorate). 

o Around 700 kilometers (435 miles) direct 

distance to Baghdad. 

 Proximity Concern: Due to its coastal location, 

southern Iraqi provinces (Basra, Maysan, Dhi Qar) 

are considered most vulnerable to any radioactive 

plume, especially with prevailing winds. 

 

11.2 Natanz Fuel Enrichment Plant 

 Type: Main uranium enrichment facility, largely 

underground. It contains cascades of centrifuges for 

enriching uranium. 

 Location: Located in central Iran, about 220 

kilometers (135 miles) southeast of Tehran, in 

Isfahan Province. 

 Significance: It's Iran's primary site for producing 

enriched uranium. Any damage could release 

enriched uranium and other associated processing 

chemicals. 

 Distance to Iraq:  
o Approximately 400-450 kilometers (250-280 

miles) to the nearest point on the Iraqi border. 

o Around 650 kilometers (405 miles) direct 

distance to Baghdad. 

 Proximity Concern: Being inland, the spread of 

any released material would heavily depend on 

wind patterns. Central and eastern Iraqi 

governorates (e.g., Diyala, Wasit, Baghdad) could 

be affected. 

 

11.3 Fordow Fuel Enrichment Plant 

 Type: An underground uranium enrichment 

facility, deeply buried within a mountain for 

protection. 

 Location: Situated approximately 30 kilometers 

(18.5 miles) north of Qom and about 100 

kilometers (60 miles) southwest of Tehran, in 

central-western Iran. 

 Significance: Houses uranium enrichment 

centrifuges. Its hardened location suggests its 

critical strategic importance. 

 Distance to Iraq:  
o Approximately 450-500 kilometers (280-310 

miles) to cities like Karbala and Najaf. 

o Around 550 kilometers (340 miles) direct 

distance to Baghdad. 

 Proximity Concern: Its inland location means 

wind direction would dictate the impact on Iraq. 

Western and central Iraqi regions might be more 

susceptible than the deep south. 

 

11.4 Isfahan Nuclear Technology Center (INTC) 

 Type: A multi-purpose facility that includes 

research reactors, laboratories, and facilities for 

uranium conversion (producing uranium 

hexafluoride gas for enrichment). 

 Location: Located near the city of Isfahan, in 

central Iran, about 350 kilometers (215 miles) 

southeast of Tehran. 

 Significance: Plays a key role in Iran's nuclear fuel 

cycle, including research and development. It's not 

a power plant but is vital for nuclear material 

processing and research. 

 Distance to Iraq:  
o Similar to Natanz, approximately 400-450 

kilometers (250-280 miles) to the nearest Iraqi 

border. 

o Around 650-700 kilometers (405-435 miles) direct 

distance to Baghdad. 

 Proximity Concern: Similar to Natanz, potential 

for transboundary effects on central and eastern Iraq 

depending on atmospheric conditions. 

5. Arak Heavy Water Reactor (Khondab) 

 Type: A heavy water reactor (IR-40) designed to 

produce plutonium (though modified under the 

JCPOA to reduce this capability and its core 

removed). 

 Location: Located in west-central Iran, about 250 

kilometers (155 miles) southwest of Tehran, in 

Markazi Province. 

 Significance: Historically a proliferation concern 

due to its potential for plutonium production. While 

its core was removed and filled with concrete, its 

status and any potential for future re-conversion 

remain a subject of international scrutiny. 

 Distance to Iraq:  
o This facility is among the closest to the Iraqi border, 

approximately 250-300 kilometers (155-185 

miles) to the nearest Iraqi border points (e.g., near 

Diyala or Wasit provinces). 

o Around 400-450 kilometers (250-280 miles) direct 

distance to Baghdad. 



371 
IRAQI JOURNAL OF APPLIED PHYSICS            Vol. 21, Special Issue, June 2025 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   12 

 Proximity Concern: Due to its relatively closer 

proximity to Iraq's central-eastern border, any 

major incident here, if the reactor were active or 

reactivated, would pose a significant and more 

immediate direct threat to eastern and central Iraqi 

regions. 

While Bushehr is Iran's only operational power 

plant, Natanz, Fordow, Isfahan, and Arak represent 

critical parts of its nuclear fuel cycle and research 

infrastructure. All are located at distances from Iraq that 

would necessitate robust preparedness and response 

plans in the event of an accident or attack, with the 

central and eastern Iraqi governorates facing the most 

direct potential impacts. 

 

12. Degree of Danger from the Destruction of 

Iranian Nuclear Reactors to Human Health and 

the Environment in Iraq 

The degree of danger resulting from the destruction 

of Iranian nuclear reactors to human health and the 

environment in Iraq is extremely high, potentially 

catastrophic, and long-lasting. This assessment is 

based on the nature of the materials involved, the 

proximity of the facilities, and the severe consequences 

experienced in past major nuclear accidents. 

Overall Risk Assessment: Catastrophic 

A large-scale destruction of one or more Iranian 

nuclear facilities would likely constitute a major 

radiological disaster for Iraq, with impacts ranging 

from acute health effects to long-term environmental 

contamination and socio-economic disruption. 

Factors Determining the Degree of Danger: 

1. Type of Facility and Material Released: 
o Bushehr Nuclear Power Plant: As an operational 

power reactor, its destruction poses the highest 

immediate and long-term radiological threat. It 

contains a large inventory of highly radioactive 

fission products (like Cesium-137, Strontium-90, 

Iodine-131) and actinides (Plutonium). A breach 

here would lead to an immense, immediate release 

of these dangerous isotopes. 

o Enrichment Facilities (Natanz, Fordow): While 

not containing the same inventory of highly 

radioactive fission products as an operational power 

reactor, their destruction could release enriched 

uranium (U-235) and potentially plutonium (if 

any production or research byproducts are present), 

along with toxic chemicals like uranium 

hexafluoride (UF6). These materials pose severe 

long-term contamination risks, especially if inhaled 

or ingested. 

o Research/Conversion Facilities (Isfahan, Arak): 
The risk depends on their operational status and 

inventory at the time. If research reactors were 

operating with fresh or spent fuel, they could also 

release significant amounts of highly radioactive 

material. The uranium conversion facility at 

Isfahan, if damaged, could release toxic uranium 

compounds. 

2. Magnitude of Release (Severity of Destruction): 
o Full Destruction vs. Partial Damage: A complete 

physical destruction by large bombs would bypass 

most safety and containment measures, leading to a 

much larger and faster release of radioactive 

materials compared to an accidental meltdown. 

o Aerosolization: The explosive force would turn 

radioactive materials into fine particles and 

aerosols, maximizing their dispersion in the 

atmosphere. 

3. Proximity to Iraq: 
o Iranian facilities are relatively close to Iraq, with 

Arak as close as ~250 km, Natanz/Isfahan ~400-450 

km, and Bushehr ~450 km from major Iraqi cities. 

This short distance means that a radioactive plume 

could reach Iraqi territory within hours. 

4. Meteorological Conditions: 
o Wind Direction and Speed: This is the most 

crucial variable. Prevailing winds from Iran towards 

Iraq (westward or southwestward) would directly 

carry the plume over Iraqi population centers and 

agricultural lands. Stronger winds mean faster, 

wider dispersion; weaker winds mean higher local 

concentrations. 

o Precipitation: Rain during plume passage ("wet 

deposition" or "black rain") could cause very high 

localized contamination (hot spots) even far from 

the source, leading to severe ground and water 

contamination. 

Specific Dangers to Human Health in Iraq: 

 Acute Radiation Sickness (ARS): Populations in 

areas directly downwind and close to the border 

could receive very high doses, leading to ARS, 

rapid organ failure, and death, similar to early 

victims of Chernobyl. 

 Increased Cancer Rates: This is the most 

significant long-term health effect. Increased risks 

of various cancers (thyroid, leukemia, lung cancer, 

bone cancer, other solid tumors) would be expected 

in exposed populations due to isotopes like Iodine-

131, Cesium-137, Strontium-90, and Plutonium. 

 Birth Defects and Genetic Damage: High doses of 

radiation, especially during pregnancy, can lead to 

birth defects and increased risks of genetic 

mutations in future generations. 

 Chronic Health Conditions: Immune system 

suppression, cardiovascular issues, and other 

chronic health problems are associated with 

prolonged low-dose radiation exposure. 

 Psychological Trauma: Widespread panic, 

anxiety, depression, and long-term psychological 

distress would affect millions due to fear of 

contamination, displacement, and loss of 

livelihood. 

Specific Dangers to the Environment in Iraq: 
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 Widespread Land Contamination: Radioactive 

fallout would settle on agricultural lands, pastures, 

and urban areas, rendering them unsafe for 

cultivation, habitation, and livestock grazing for 

decades or centuries (depending on isotopes like 

Cesium-137 and Plutonium). 

 Water Contamination: Radioactive materials 

would contaminate rivers (Tigris, Euphrates and 

their tributaries), groundwater, and other water 

sources, posing a severe threat to drinking water, 

irrigation, and aquatic life. 

 Food Chain Contamination: Isotopes would enter 

the food chain through contaminated soil, water, 

and plants, accumulating in crops, livestock (milk, 

meat), and fish, making them unsafe for 

consumption. 

 Ecosystem Damage: Forests, wildlife, and 

biodiversity would suffer significant long-term 

damage, with potential for species loss in highly 

contaminated areas. 

 Air Quality Degradation: The initial plume would 

severely degrade air quality with radioactive 

particles, posing an immediate inhalation hazard. 

 

13. Urgent and Effective Actions for People in Iraq 

to Avoid Serious Effects from Iranian Nuclear 

Reactor Destruction 

Given the hypothetical scenario of a nuclear reactor 

destruction in neighboring Iran, and the rapid spread of 

radiation, the following immediate and effective 

actions are crucial for people in Iraq to minimize 

exposure and protect their health. The overriding 

principle is to seek shelter immediately and stay 

informed. 

 

Phase 1: Immediate Response (First Minutes to 

Hours) 

1. Seek Immediate Shelter (Go Indoors, Go Low, 

Stay Put): 
o Act FAST. Do not wait for official confirmation if 

you hear of a major incident. Time is critical. 

o Go Indoors: Get inside the nearest substantial 

building as quickly as possible. This is your primary 

shield against external radiation and radioactive 

particles. 

o Go Low: Head to the lowest possible level of the 

building – a basement, an underground parking 

garage, or an interior room on the ground floor. 

Basements offer the best protection. 

o Stay Put: Do not leave your shelter unless 

explicitly instructed by authorities. 

o Distance is Safety: The further you are from the 

source, the better, but immediate shelter is 

paramount if you are in a potentially affected zone. 

2. Seal Your Shelter: 
o Close All Openings: Immediately shut all windows 

and doors. 

o Turn Off Ventilation: Switch off air conditioning 

units, heaters, and any fans that draw air from 

outside. 

o Seal Gaps: Use tape, damp cloths, towels, or plastic 

sheeting to seal gaps around windows, doors, air 

vents, and any other openings to the outside. This 

helps prevent radioactive particles from entering. 

3. Personal Decontamination (If You Were 

Outdoors): 
o If you were outside when the incident occurred and 

believe you may have been exposed to fallout:  

 Remove Outer Clothing: Carefully remove your 

outer layer of clothing (jacket, shirt, pants) before 

entering your final shelter. Place it in a sealed 

plastic bag (or two bags) and put it away from 

people and pets. This removes up to 90% of external 

contamination. 

 Shower Thoroughly: If possible, take a warm 

shower with plenty of soap and water, washing your 

hair and body. Do NOT scrub or scratch your skin. 

Avoid using conditioner as it can bind radioactive 

material to your hair. Gently blow your nose and 

wipe your eyelids and eyelashes with a clean, damp 

cloth. 

 Cover Your Nose and Mouth: If you cannot 

shower immediately, cover your nose and mouth 

with a damp cloth or mask. 

4. Stay Informed Through Official Channels: 
o Use Battery-Powered Devices: Power outages are 

likely. Rely on battery-powered radios, car radios, 

or fully charged mobile phones to receive 

emergency broadcasts. 

o Follow Official Instructions: Listen exclusively to 

guidance from the Iraqi government, civil defense, 

Ministry of Health, and other official authorities. 

They will provide information on the extent of the 

danger, safe areas, evacuation orders, and specific 

protective measures (e.g., whether to take 

Potassium Iodide). 

o Avoid Rumors: Do not spread unverified 

information from social media or unofficial sources, 

as this can cause panic and misdirection. 

5. Conserve Resources and Prepare: 
o Bottled Water & Sealed Food: Consume only 

bottled water and non-perishable food that was 

stored indoors and sealed. Do NOT consume open-

air food or water unless officially declared safe. 

o Emergency Kit: If you have an emergency kit, 

ensure access to it (bottled water, non-perishable 

food, first aid, essential medications, battery radio, 

flashlight, extra batteries). 

 

Phase 2: Ongoing Protection (After Initial Fallout) 

1. Potassium Iodide (KI) - ONLY IF DIRECTED: 
o Crucial Warning: Do NOT take Potassium Iodide 

(KI) tablets unless explicitly instructed by official 

Iraqi health authorities. KI protects only the thyroid 

gland from radioactive iodine (I-131) and does not 
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protect against other radioactive materials. Taking 

it unnecessarily can have side effects. 

o If instructed, follow dosage instructions precisely 

for yourself and children. 

2. Stay Sheltered Until All Clear: 
o Remain in your sealed shelter until official sources 

announce it is safe to leave or issue specific 

evacuation orders. The initial fallout cloud can take 

hours to days to pass. 

3. Food and Water Safety: 
o Strict Monitoring: Be prepared for long-term 

restrictions on local food and water sources. 

Authorities will conduct extensive testing. 

o Rely on Safe Supplies: Continue to use pre-stored 

or officially distributed safe food and water. Avoid 

consuming produce from outdoor gardens, local 

dairy, or meat from animals that grazed outdoors in 

affected areas. 

 

Phase 3: Long-Term Mitigation and Recovery 

 Follow Decontamination Guidelines: If your area 

is affected, cooperate with any official 

decontamination efforts for your property. 

 Health Monitoring: Be aware of any official health 

monitoring programs or registries established for 

exposed populations. Participate if advised. 

 Psychological Support: Recognize that this event 

will cause significant stress and anxiety. Seek or 

offer psychological support as needed. 

Immediate action, strict adherence to official 

instructions, and prioritizing shelter and information 

are the most vital steps for Iraqis to protect themselves 

and their families in such a dire hypothetical scenario. 

 

14. Potential Future Impacts of Radiation and 

Hazardous Materials on Iraq 

The future impacts of significant radiation and 

hazardous material reaching Iraq from destroyed 

Iranian nuclear reactors would be devastating and long-

lasting, affecting human health, the environment, and 

the country's socio-economic fabric for decades, 

potentially centuries. 

1. Long-Term Human Health Consequences: 

The primary long-term health risks stem from chronic 

exposure to internalized radioactive isotopes (ingested 

or inhaled) and persistent external radiation from 

contaminated environments. 

 Increased Cancer Incidence: This is the most 

significant and well-documented long-term effect.  

o Thyroid Cancer: A sharp increase, especially 

among children, due to initial exposure to Iodine-

131 (if not prevented by timely KI administration). 

o Leukemia: Increased rates, often appearing within 

a few years to two decades after exposure. 

o Solid Cancers: Elevated risks of various other 

cancers (e.g., lung, bone, stomach, breast, colon) 

developing 10, 20, or even 40+ years after exposure, 

particularly from long-lived isotopes like Cesium-

137 and Strontium-90, and Plutonium. 

 Non-Cancerous Health Issues:  
o Cardiovascular Diseases: Increased risk of heart 

disease, including ischemic heart disease and 

cerebrovascular disorders, even at moderate 

radiation doses. 

o Cataracts: Higher incidence of cataracts, 

potentially developing years after exposure. 

o Immune System Dysfunction: Radiation can lead 

to long-lasting changes in immune responses, 

potentially increasing susceptibility to infections 

and other illnesses. 

o Reproductive Issues & Birth Defects: While 

difficult to definitively link to low-level population 

exposure, higher doses could increase risks of 

adverse pregnancy outcomes, including stillbirths, 

miscarriages, and birth defects, or long-term 

impacts on fertility. 

o Organ Damage: Specific isotopes can target 

organs (e.g., Strontium-90 in bones, Plutonium in 

lungs, bones, liver), causing localized damage and 

dysfunction over time. 

 Psychological and Social Impacts: Chronic 

anxiety, depression, post-traumatic stress disorder 

(PTSD), and a pervasive "radiophobia" would 

affect millions due to fear of contamination, 

displacement, and the stigma associated with living 

in or near affected areas. This psychological burden 

can be as debilitating as physical health issues. 

2. Long-Term Environmental Contamination: 

The environment would suffer extensive and 

prolonged damage, particularly from long-lived 

isotopes. 

 Soil Contamination: Cesium-137 and Strontium-

90 would contaminate vast agricultural lands, 

making them unsafe for cultivation for decades. 

These isotopes bind to soil particles, gradually 

moving deeper, but remaining bioavailable for 

uptake by plants. 

 Water Contamination: Rivers (Tigris, Euphrates), 

groundwater, and other water bodies would be 

contaminated through fallout deposition and runoff 

from contaminated land. This would compromise 

drinking water sources, irrigation for agriculture, 

and aquatic ecosystems. 

 Food Chain Contamination (Bioaccumulation): 
Radioactive isotopes would enter and accumulate in 

the food chain. Crops grown on contaminated soil, 

livestock grazing on contaminated pastures (leading 

to contaminated milk and meat), and fish from 

contaminated waters would become unsafe for 

human consumption, requiring long-term 

monitoring and potentially permanent bans. 

 Ecosystem Disruption: Long-term radiation 

exposure can lead to genetic mutations and 

reproductive abnormalities in wildlife, potentially 

reducing populations and disrupting ecological 



371 
IRAQI JOURNAL OF APPLIED PHYSICS            Vol. 21, Special Issue, June 2025 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   15 

balance. Forest and freshwater ecosystems could be 

particularly vulnerable. 

 Dust Storms (Unique to Iraq): Iraq's frequent dust 

storms would become a critical long-term hazard. 

Contaminated soil particles could be repeatedly re-

suspended into the air, creating secondary 

radioactive plumes and re-exposing populations and 

areas that had initially been less affected, making 

long-term cleanup extremely challenging. 

3. Socio-Economic Consequences: 

The future of Iraq would be severely hampered by 

these impacts. 

 Massive Displacement and Resettlement: 
Millions could be permanently displaced from 

contaminated areas, leading to internal refugee 

crises, pressure on urban centers, and loss of 

cultural ties to land. 

 Agricultural Collapse: Contamination of vast 

agricultural lands, especially in the fertile 

Mesopotamian plains, would cripple Iraq's food 

production capacity, leading to food insecurity and 

massive economic losses. Iraq would become 

heavily reliant on food imports. 

 Economic Devastation: The costs of long-term 

health care for affected populations, environmental 

monitoring, decontamination efforts (which could 

take decades and be astronomically expensive), loss 

of productivity from illness and displacement, and 

damage to trade and tourism would be immense, 

potentially leading to national economic collapse. 

 Infrastructure Strain: Existing infrastructure 

would be overwhelmed by the demands of 

managing a contaminated environment, health 

crises, and displaced populations. 

 Geopolitical Instability: Such a disaster could 

destabilize Iraq further, potentially exacerbating 

regional tensions and creating a long-term 

humanitarian crisis that attracts international 

intervention and scrutiny. 

 Loss of Cultural Heritage: Contamination could 

threaten ancient sites and cultural heritage within 

affected zones. 

In essence, the long-term effects on Iraq would be 

profound, transforming parts of the country into 

exclusion zones, creating a multi-generational health 

crisis, and severely impacting its economic viability 

and social cohesion. 

 

15. Conclusion 

The destruction of Iranian nuclear reactors poses an 

existential threat to parts of Iraq. The combination of 

highly dangerous radioactive materials, proximity, and 

potential for widespread dispersion via wind and water 

means that the health and environmental consequences 

for Iraq would be unprecedented and catastrophic. It 

would necessitate massive, rapid evacuations, long-

term displacement, immense decontamination efforts, 

and a generational burden of health monitoring and 

environmental rehabilitation. The socio-economic 

impacts would be devastating, far outweighing any 

other immediate crisis. 

__________________________________________________________________________________________ 

 


