
Scientific Study on the Impact of
Radiation in the Event of Targeting
Iranian Nuclear Facilities

Introduction

The possibility of targeting nuclear facilities, whether uranium enrichment plants or
nuclear reactors, raises serious concerns about potential radiological consequences.
Such targeting could lead to the release of radioactive materials into the atmosphere,
posing a significant threat to human health and the environment on a wide scale. This
scientific study aims to analyze the potential impacts of radiation dispersion in the event
of a nuclear incident resulting from targeting Iranian nuclear facilities. The study will
focus on identifying permissible and dangerous levels of radiation spread, the impact of
environmental factors such as wind directions on this spread, and estimating safe
distances and areas exposed to radiation risk in kilometers. This study relies on
scientifically recognized radiation dispersion models and is based on assumptions for a
hypothetical scenario to estimate the potential scale of impacts.

Iranian Nuclear Facilities

Iran possesses a number of nuclear facilities covering various stages of the nuclear fuel
cycle, from uranium mining to enrichment and reactor operation. These facilities,
whether declared to the International Atomic Energy Agency (IAEA) or suspected,
represent potential points for radiological release if targeted. Key facilities include:

Uranium Mines: Such as Saghand Mine and Gachin Mine, where uranium ore is
extracted.
Yellowcake Production Plants: Such as Ardakan Yellowcake Production Plant,
which converts uranium ore into uranium concentrate (yellowcake).
Uranium Conversion Facilities (UCF): At the Esfahan Nuclear Technology Center
(ENTC), where yellowcake is converted into uranium hexafluoride (UF6), the gas
used in centrifuges.
Fuel Enrichment Plants: Such as the Pilot Fuel Enrichment Plant (PFEP) and the
Fuel Enrichment Plant (FEP) at Natanz, and the Fordow Fuel Enrichment Plant
(FFEP). These facilities are the most sensitive due to their large quantities of
enriched uranium and centrifuges.
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Research Reactors and Power Plants: Such as the Tehran Research Reactor (TRR)
and the Bushehr Nuclear Power Plant (BNPP). These reactors contain radioactive
nuclear fuel and fissile materials.
Heavy Water Production Facilities: Such as the Arak Heavy Water Production
Plant, which produces heavy water used in some types of reactors.

Many of these facilities are subject to verification by the IAEA, but access to some sites,
especially undeclared or suspected ones, has been challenging. Targeting any of these
facilities could lead to radiological consequences of varying severity, depending on the
type of facility, the quantity of radioactive materials present, and the nature of the
attack.

Permissible and Dangerous Levels of Radiation
Exposure

Understanding permissible and dangerous levels of radiation exposure is crucial for
assessing the potential impact of any nuclear incident. Radiation doses are typically
measured in Sieverts (Sv) or rem, with sub-units such as millisieverts (mSv) and millirem
(mrem) commonly used. 1 millisievert is equivalent to 100 millirem.

Permissible Exposure Limits

Regulatory bodies and international organizations, such as the International Atomic
Energy Agency (IAEA) and national radiation protection agencies, set limits for radiation
exposure to protect the public and workers. These limits are based on extensive
scientific research on the health effects of radiation.

General Public: The annual radiation exposure limit for members of the general
public is typically 1 millisievert (100 millirem) per year, in addition to natural
background radiation. Some sources also indicate 1000 microsieverts (1
millisievert) per year.

Nuclear Workers (e.g., nuclear power plant workers, medical professionals):
The maximum annual dose limit for occupationally exposed workers is generally 20
millisieverts (2000 millirem) per calendar year. Some sources mention 50
millisieverts (5000 millirem) as the maximum annual whole-body dose for
nuclear power plant workers or medical professionals. There may also be a five-
year dose limit for nuclear power plant workers, for example, 100 millisieverts
(10000 millirem) over five years, with a maximum of 50 millisieverts in any single
year.

• 

• 

• 

• 



Minors (under 18 working with radiation): The maximum permissible exposure
for minors working with radiation is typically one-tenth of the adult occupational
limit, or no more than 500 millirem (5 millisieverts) per year.

Dangerous and Lethal Radiation Doses

Exposure to high levels of radiation can lead to Acute Radiation Syndrome (ARS) and
increases the risk of long-term health effects, including cancer. The severity of health
effects depends on the dose received, the rate at which it is received, and the parts of the
body exposed.

Acute Radiation Syndrome (ARS) Thresholds:

1-2 Sieverts (100-200 rem): Mild symptoms of ARS may appear, such as
nausea, vomiting, and fatigue. Recovery is likely.
2-6 Sieverts (200-600 rem): Moderate to severe ARS, with more pronounced
symptoms, including hair loss, fever, and infections. Bone marrow
suppression is significant. Survival is possible with medical intervention.
6-8 Sieverts (600-800 rem): Severe ARS, with a high probability of death
within weeks without intensive medical care.
>8 Sieverts (>800 rem): Extremely severe ARS, almost always fatal within
days or weeks, even with medical intervention.

Lethal Doses:

LD50/60 (Lethal Dose for 50% of the population in 60 days): Refers to the
radiation dose that would be fatal to 50% of the exposed population within 60
days. For humans, the LD50/60 is estimated to be around 3.5-5 Sieverts
(350-500 rem) without medical treatment.

It is important to note that these are general guidelines, and individual responses to
radiation exposure can vary. The availability of medical treatment significantly impacts
survival rates at higher doses.

Impact of Environmental and Atmospheric Factors on
Radiation Dispersion

In the event of a radiological release, meteorological conditions play a crucial role in
determining the transport, dispersion, and deposition of radioactive materials.
Understanding these factors is essential for predicting contamination spread and
defining safe distances.
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Key Meteorological Factors

Wind Direction:

Primary Influence: Wind direction is the most critical factor in determining
the initial direction of the radioactive plume. Radioactive materials will
generally travel downwind from their source.
Prevailing Winds: If prevailing winds consistently blow in one direction,
radioactive materials will be concentrated downwind in that specific
direction.
Variability: Wind direction can be highly variable, especially over different
times of day or seasons, leading to complex dispersion patterns. Local
topography can also influence wind patterns.

Wind Speed:

Dilution and Travel Time: Wind speed affects both the dilution of the plume
and the time it takes for radioactive materials to travel a certain distance.

High Wind Speeds: Generally lead to greater initial dilution of the
plume, reducing concentrations near the source. However, they also
cause the plume to travel faster and cover larger distances in a shorter
period.
Low Wind Speeds: Result in less initial dilution, which can lead to
higher concentrations near the source. The plume will travel slower,
allowing more time for deposition closer to the release point.

Atmospheric Stability:

Vertical Mixing: Atmospheric stability refers to the atmosphere's tendency to
resist or enhance vertical motion. It significantly impacts the vertical
dispersion (mixing) of the radioactive plume.

Unstable Atmosphere (e.g., sunny days with strong surface heating):
Characterized by strong vertical air currents, leading to rapid vertical
mixing and wider plume spread. This can reduce ground-level
concentrations but spreads the material over a larger area.
Stable Atmosphere (e.g., clear nights with temperature inversions):
Characterized by limited vertical mixing, causing the plume to remain
relatively narrow and concentrated, often leading to higher ground-level
concentrations far downwind. This can be particularly dangerous as it
can trap pollutants close to the ground.
Neutral Atmosphere: Intermediate conditions between stable and
unstable, with moderate vertical mixing.
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Mixing Height (Mixing Layer Height):

Vertical Extent of Dispersion: The mixing height is the vertical extent of the
atmosphere where pollutants are effectively mixed. It acts as a lid, trapping
pollutants below it.
Impact on Concentration: A low mixing height limits vertical dispersion,
leading to higher concentrations of radioactive materials within the mixing
layer. A higher mixing height allows for greater vertical dilution.

Precipitation (Rain, Snow):

Wet Deposition: Precipitation can significantly enhance the removal of
radioactive particles and gases from the atmosphere through a process called
wet deposition (rainout or washout). This can lead to localized areas of high
contamination on the ground, even at considerable distances from the
release point.
Scavenging Effect: Raindrops and snowflakes can scavenge radioactive
particles as they fall, bringing them to the surface.

Topography:

Channeling and Trapping: Local terrain features such as valleys, hills, and
coastlines can influence wind patterns, leading to channeling of the plume
along valleys or trapping of pollutants in basins.
Coastal Effects: Coastal areas can experience sea breezes and land breezes,
which can shift wind direction throughout the day, leading to complex
dispersion patterns.

Radiation Dispersion Modeling

Atmospheric dispersion models are used to predict the movement and concentration of
radioactive materials in the atmosphere. These models integrate meteorological data
(wind speed, wind direction, atmospheric stability, mixing height, precipitation) and
release source information (quantity and type of radioactive materials released) to
estimate: * Plume Trajectory: The path the radioactive plume will take. * Concentration
Levels: The concentration of radioactive materials in the air and on the ground at
different distances from the source. * Dose Rates: The potential radiation doses to
individuals at various locations.

These models are crucial for emergency planning and response, allowing authorities to
make informed decisions regarding evacuation, sheltering, and other protective actions.
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Radiation Dispersion Calculation Methodology:
Gaussian Plume Model

To estimate the dispersion of radioactive materials in the atmosphere and determine
safe and hazardous distances, the Gaussian Plume Model was used. This model is a
common tool for estimating pollutant concentrations in the air at a distance from a
continuous emission source. The model assumes that the concentration distribution in
both the horizontal (cross-wind) and vertical directions follows a Gaussian (normal)
distribution.

Gaussian Plume Model Equation (Ground-Level Concentration)

To estimate the ground-level concentration (z=0) from a continuous point source, the
simplified Gaussian Plume Model equation is used:

$C(x, y) = \frac{Q}{\pi \sigma_y \sigma_z \bar{u}} \cdot e^{-\left(\frac{h^2}{2 \sigma_z^2}
+ \frac{y^2}{2 \sigma_y^2}\right)}$

Where: * C: Concentration of radioactive material in the air (e.g., Bq/m³ or µCi/m³). * Q:
Source strength (rate of radioactive material emission, e.g., Bq/s or µCi/s). * $\sigma_y$:
Standard deviation of the plume in the cross-wind direction (meters), representing the
horizontal spread of the plume. * $\sigma_z$: Vertical standard deviation of the plume
(meters), representing the vertical spread of the plume. * $\bar{u}$: Average wind speed
(m/s) at the effective stack height. * h: Effective stack height (meters), which is the actual
stack height plus any plume rise due to buoyancy or momentum. * x: Downwind
distance from the source (meters). * y: Cross-wind distance from the plume centerline
(meters). * e: Euler's number (approximately 2.71828).

Parameters $\sigma_y$ and $\sigma_z$

The values of $\sigma_y$ and $\sigma_z$ depend on the atmospheric stability class and
the downwind distance (x). Atmospheric stability classes (Pasquill-Gifford stability
classes) range from A (very unstable) to F (very stable). Empirical equations for these
values between 100 and 4000 meters are given as follows:

Parameter (meters) Stability Class Power Function

$\sigma_y$ Unstable $0.14X^{0.92}$

$\sigma_y$ Neutral $0.06X^{0.92}$

$\sigma_y$ Very Stable $0.02X^{0.92}$



Parameter (meters) Stability Class Power Function

$\sigma_z$ Unstable $0.53X^{0.92}$

$\sigma_z$ Neutral $0.15X^{0.92}$

$\sigma_z$ Very Stable $0.04X^{0.92}$

Hypothetical Scenario for Calculations

To perform calculations and estimate the potential radiation dispersion, a hypothetical
release scenario with the following parameters was assumed:

Source Strength (Q): A release of $10^{15}$ Becquerels (1 PetaBecquerel) of a
general mixture of fission products was assumed. This number represents a
significant but plausible release in a severe accident scenario and is used to
illustrate the potential scale of impact.

Effective Stack Height (h): An effective release height of 10 meters was assumed,
which could occur in the event of a ground-level explosion or facility damage.

Average Wind Speed ($\bar{u}$): A moderate wind speed of 5 meters/second
(approximately 18 km/h) was used.

Atmospheric Stability Classes: Three different atmospheric stability classes were
considered to illustrate their impact on dispersion:

Unstable (Class A): Represents highly turbulent conditions, often occurring
on sunny days with light winds, leading to rapid dispersion.
Neutral (Class D): Represents moderately turbulent conditions, common on
cloudy days or at night with moderate winds, often considered an average
case.
Very Stable (Class F): Represents very stable conditions, often occurring on
clear nights with light winds, leading to limited dispersion and higher
concentrations near the source.

Calculations were performed to estimate ground-level radiation concentration at
different downwind distances (from 1 km to 100 km) for each atmospheric stability class,
assuming the measurement is taken at the plume centerline (y=0) where the
concentration is maximum.
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Analysis of Results and Safe/Hazardous Distances

Radiation dispersion calculations were performed using the Gaussian Plume Model for
the hypothetical scenario described above. The results illustrate how ground-level
radiation concentration changes with downwind distance and the impact of
atmospheric stability class on this dispersion. The concentrations calculated in the table
below represent maximum values at the plume centerline (y=0).

Calculated Radiation Concentrations (Becquerels/cubic meter) at
Different Distances

Distance
(km)

Unstable
Concentration (Bq/
m³)

Neutral
Concentration (Bq/
m³)

Very Stable
Concentration (Bq/
m³)

1 2.59e+09 2.12e+10 2.19e+11

5 1.34e+08 1.11e+09 1.24e+10

10 3.75e+07 3.09e+08 3.47e+09

20 1.05e+07 8.62e+07 9.70e+08

30 4.96e+06 4.09e+07 4.60e+08

40 2.92e+06 2.41e+07 2.71e+08

50 1.94e+06 1.60e+07 1.80e+08

60 1.39e+06 1.14e+07 1.29e+08

70 1.04e+06 8.60e+06 9.68e+07

80 8.16e+05 6.73e+06 7.57e+07

90 6.57e+05 5.42e+06 6.09e+07

100 5.41e+05 4.46e+06 5.02e+07

Analysis of Safe and Hazardous Distances

Converting airborne radioactive material concentrations into radiation doses requires
more complex models that account for factors such as breathing rate, exposure
duration, type of radionuclides, and other exposure pathways (e.g., inhalation,



ingestion, external exposure). However, we can use these concentrations to estimate
distances where radiation levels might exceed permissible or dangerous limits.

Generally, as the distance from the source increases, radiation concentration decreases
due to atmospheric dispersion. However, the rate of decrease heavily depends on the
atmospheric stability class:

Very Stable Conditions (Class F): In these conditions, vertical dispersion is
limited, causing the plume to remain concentrated near the ground. This leads to
the highest ground-level concentrations, and thus, the distances where hazardous
levels are exceeded are significantly larger compared to other conditions. For
example, at 100 kilometers, the concentration is still relatively high (5.02e+07 Bq/
m³), indicating that distant areas can remain at risk.

Neutral Conditions (Class D): These conditions represent moderate dispersion.
Concentrations are lower than very stable conditions but higher than unstable
conditions. Hazardous areas extend over significant distances, but less than in very
stable conditions.

Unstable Conditions (Class A): These conditions lead to the fastest vertical and
horizontal dispersion, significantly reducing ground-level concentrations near the
source. Concentrations decrease more rapidly with distance, meaning that safe
distances can be achieved faster, and hazardous areas are closer to the source.

Estimation of Safe and Hazardous Distances (Based on Relative Concentration):

Given the lack of a simple direct relationship between Bq/m³ concentration and
immediate dose (Sv) without knowing specific isotopes and exposure duration, we rely
on a relative analysis. However, we can infer the following:

Very Hazardous Areas (Requiring Immediate Evacuation): In very stable
conditions, areas with very high concentrations (e.g., above 10^9 Bq/m³) can
extend for several kilometers (up to 10 kilometers or more). In these areas,
radiation doses would be acute and could lead to Acute Radiation Syndrome and
death.

Hazardous Areas (Requiring Sheltering or Evacuation): In very stable and
neutral conditions, areas with concentrations requiring protective actions (such as
sheltering or evacuation) can extend for tens of kilometers (e.g., up to 50-100
kilometers). In these areas, prolonged exposure could lead to significant health
risks.

Areas Requiring Monitoring and Long-Term Decontamination: Even at distances
beyond 100 kilometers, especially in very stable conditions, residual contamination
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might necessitate long-term monitoring and potential decontamination efforts,
particularly for agricultural land and water sources.

It is crucial to emphasize that these are estimations based on a simplified model and a
hypothetical scenario. Actual impacts would depend on the specific type and quantity of
radioactive materials released, the exact meteorological conditions at the time of the
incident, and the duration of exposure.

Time Required for Safe Return of Population and
Remediation of Effects

The time required for a population to safely return to an area affected by radiological
contamination, and for the remediation of its effects, is highly variable and depends on
several critical factors:

Type and Half-Life of Radionuclides Released:

Short Half-Life: If the released radionuclides have short half-lives (e.g.,
Iodine-131 with an 8-day half-life), their radioactivity will decay relatively
quickly, allowing for a faster return. However, they can still pose an
immediate threat due to high initial activity.
Long Half-Life: Radionuclides with long half-lives (e.g., Cesium-137 with a 30-
year half-life, Strontium-90 with a 29-year half-life) will persist in the
environment for decades or even centuries. This significantly prolongs the
time before safe return and necessitates extensive, long-term
decontamination efforts.

Initial Contamination Levels: Higher initial contamination levels will naturally
require more time for natural decay and/or more intensive decontamination efforts
to reach safe thresholds.

Permissible Dose Limits for Return: The regulatory limits set by authorities for
safe return (e.g., a certain mSv/year) will dictate when an area is considered safe
enough for re-habitation. These limits can vary by country and specific
circumstances.

Effectiveness of Decontamination Efforts: Aggressive and effective
decontamination (discussed below) can significantly reduce the time required for
safe return by physically removing radioactive materials from the environment.
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Environmental Factors: Soil type, water bodies, vegetation, and urban structures
all influence how radionuclides are deposited, absorbed, and transported,
affecting the complexity and duration of remediation.

General Timeframes (Illustrative, Not Definitive):

Days to Weeks: For areas with very low initial contamination or where only short-
lived radionuclides were released, and effective sheltering/evacuation was
implemented.
Months to Years: For moderately contaminated areas, especially if long-lived
radionuclides are present but at manageable levels, and extensive
decontamination is feasible. The Chernobyl exclusion zone, for instance, remains
largely uninhabitable for permanent residency, but some areas have seen limited
return or controlled access after decades.
Decades to Centuries: For heavily contaminated areas with significant presence of
long-lived radionuclides (e.g., parts of the Fukushima exclusion zone, or the
immediate vicinity of Chernobyl). Full return to pre-accident conditions may not be
possible within human lifetimes.

Example from Historical Accidents: * Chernobyl (1986): Large areas remain officially
uninhabitable, with permanent resettlement unlikely for centuries in the most
contaminated zones due to Cesium-137 and Strontium-90. Limited return occurred in
less contaminated areas after years, but with strict monitoring. * Fukushima (2011):
Evacuation orders for some areas were lifted after several years (e.g., 5-9 years) due to
extensive decontamination and natural decay, allowing limited return. However, some
zones remain restricted.

Methods for Radiological Decontamination and Waste
Management

Radiological decontamination aims to reduce radiation levels in contaminated areas to
acceptable limits, allowing for safe human activity. The choice of method depends on
the type of surface, the extent of contamination, and the radionuclides involved.

Decontamination Methods

Washing and Flushing (for surfaces, roads, buildings):

Method: Using high-pressure water jets, sometimes with detergents or
chemical agents, to wash radioactive particles from surfaces (roads, building
exteriors, roofs). This is effective for removing loose surface contamination.
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Advantages: Relatively quick for large areas, can be performed with existing
equipment (fire hoses, street cleaners).
Disadvantages: Generates large volumes of radioactive wastewater that must
be collected and treated. May not be effective for contamination that has
penetrated porous surfaces.

Mechanical Removal (for soil, asphalt, concrete):

Method: Removing the top layer of contaminated soil (e.g., 5-10 cm) using
bulldozers, excavators, or specialized equipment. For hard surfaces like
asphalt or concrete, methods include grinding, scarifying, or even removing
and replacing the contaminated layer.
Advantages: Highly effective in reducing contamination levels, especially for
deeply embedded or widespread contamination.
Disadvantages: Generates significant volumes of radioactive solid waste. Can
be labor-intensive and disruptive to the environment.

Chemical Decontamination (for specific surfaces or equipment):

Method: Applying chemical solutions (acids, bases, complexing agents) that
react with or dissolve radioactive contaminants, allowing them to be washed
away. Often used for internal decontamination of equipment or facilities.
Advantages: Can be very effective for specific types of contamination.
Disadvantages: Requires careful handling of hazardous chemicals, generates
radioactive liquid waste, and may damage surfaces.

Physical Decontamination (e.g., vacuuming, wiping):

Method: Using HEPA-filtered vacuums to remove loose particles, or wiping
surfaces with damp cloths. This is typically for light, localized contamination.
Advantages: Simple, generates less waste than washing.
Disadvantages: Less effective for widespread or deeply embedded
contamination.

Vegetation Removal: Removing contaminated crops, trees, or other vegetation,
which can absorb radionuclides from the soil.
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Management of Decontamination Waste

Decontamination efforts generate significant volumes of radioactive waste, both liquid
and solid. Proper management of this waste is crucial to prevent secondary
contamination and ensure long-term safety.

Washing Water (Liquid Waste):

Collection: All wash water must be collected in sealed tanks or containment
systems to prevent it from seeping into the ground or entering water bodies.
Treatment: Liquid waste can be treated using various methods:

Filtration: To remove suspended radioactive particles.
Ion Exchange: To remove dissolved radioactive ions.
Evaporation: To concentrate the radioactive materials, leaving behind
less contaminated water that can be safely discharged or reused.
Chemical Precipitation: Adding chemicals to cause radioactive
materials to precipitate out of solution.

Disposal of Concentrates: The concentrated radioactive sludge or resins
resulting from treatment must be solidified (e.g., in cement or polymer) and
then disposed of as solid radioactive waste.

Contaminated Soil and Debris (Solid Waste):

Collection and Segregation: Contaminated soil, asphalt, concrete, and other
debris must be carefully collected and segregated based on their radioactivity
levels. Less contaminated waste may be managed differently from highly
contaminated waste.
Packaging: Waste is typically packaged in specialized containers (e.g., drums,
shielded containers) to prevent leakage and minimize external radiation
exposure.
Storage: Short-term storage in secure, monitored facilities is often necessary
before final disposal.
Disposal: The primary methods for disposing of solid radioactive waste are:

Near-Surface Disposal: For low-level radioactive waste (LLW), this
involves burying waste in engineered facilities close to the surface, with
multiple barriers to prevent radionuclide migration.
Geological Disposal: For high-level radioactive waste (HLW) and some
intermediate-level waste (ILW), this involves burying waste deep
underground in stable geological formations. This is the preferred long-
term solution for highly radioactive, long-lived waste.
Engineered Landfills: For very low-level waste (VLLW), specialized
landfills with protective liners and monitoring systems may be used.
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