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Assessing the environmental and public health risks of nuclear facilities requires robust
atmospheric dispersion modeling. This paper examines the hypothetical radiological fallout
patterns resulting from a severe loss-of-containment event at the Negev Nuclear Research
Center in Israel. Situated in a complex topological and meteorological convergence zone, the
facility presents unique challenges for plume trajectory forecasting. While the prevailing
northwesterly winds typical of the region would primarily drive radioactive particulates and
gases southeast across the Arava Valley toward southern Jordan and northwestern Saudi Arabia,
seasonal variations introduce significant localized risks. Synoptic-scale weather events, such as
the Sharav winds, and diurnal temperature inversions can drastically alter dispersion vectors,
potentially directing high-concentration fallout toward densely populated coastal plains or
utilizing the Dead Sea rift as a topographical conduit. Furthermore, the proximity of major urban
centers like Jerusalem necessitates a comprehensive analysis of both direct plume exposure and
secondary topographical channelling. By integrating regional climatology with dispersion
principles, this paper provides a detailed, multi-scenario framework for understanding cross-
border contamination risks, emergency response logistics, and the critical influence of Levant
weather patterns on nuclear disaster management.
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Figure 1. Composite risk assessment map of hypothetical radiological fallout trajectories from

the Negev Nuclear Research Center.
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RADIOLOGICAL FALLOUT TRAJECTORIES IN THE LEVANT:

ATMOSPHERIC DISPERSION MODELING OF A HYPOTHETICAL MELTDOWN AT THE NEGEV NUCLEAR RESEARCH CENTER
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Figure 1. Composite risk assessment map of hypothetical radiological fallout trajectories from
the Negev Nuclear Research Center. This infographic overlays multiple, mutually exclusive
meteorological scenarios to illustrate specific regional vulnerabilities. The primary, continuous
plume (Scenario Alpha) depicts the statistically most probable fallout trajectory, driven
southeast by prevailing northwesterly winds. The physically separated high-contamination
zones over Tel Aviv and Jerusalem represent distinct atmospheric phenomena occurring under
altered weather conditions: the Tel Aviv zone (Scenario Beta) illustrates a severe wind reversal
(Sharav) where "urban canopy turbulence" traps and concentrates fallout in dense street-level
environments, while the Jerusalem hotspot visualizes "precipitation scavenging" (wet
deposition), where localized rain scrubs passing isotopes from the atmosphere to create a highly
concentrated, isolated ground hazard.



1. Introduction
1.1. Purpose and Scope of the Study

The assessment of severe nuclear accidents requires a rigorous understanding of how
radioactive materials interact with the surrounding environment upon release. The primary
purpose of this study is to provide a comprehensive, theoretical analysis of the radiological
fallout trajectories that could result from a hypothetical severe loss-of-containment event at the
Negev Nuclear Research Center. This facility, situated in a unique geographic and meteorological
zone, presents a highly complex scenario for atmospheric dispersion. The scope of this paper is
strictly focused on the environmental mechanics of fallout, examining how regional climatology,
local topography, and atmospheric physics govern the transport, diffusion, and deposition of a
radioactive plume.

This study does not attempt to evaluate the likelihood of such an event, nor does it assess the
engineering safeguards or operational parameters of the facility itself. Instead, it utilizes
established principles of atmospheric dispersion modeling applied to the specific meteorological
conditions of the Levant. By simulating various weather scenarios ranging from normal
prevailing winds to extreme synoptic events, the study aims to map the spatial and temporal
distribution of radiological hazards. The scope extends to evaluating the transboundary
implications of a plume crossing into neighboring territories, the localized effects on major
urban centers, and the physical processes that dictate ground contamination. Ultimately, this
research seeks to bridge the gap between theoretical atmospheric physics and practical
emergency response planning in one of the most demographically and geographically intricate
regions in the world.

1.2. The Role of Predictive Atmospheric Modeling in Nuclear Safety

Predictive atmospheric modeling is a cornerstone of modern nuclear safety and emergency
management. In the event of a radiological release, decision-makers face a critical window of
time where accurate information is paramount to mitigating public health disasters.
Atmospheric dispersion models serve as the vital link between the initial release of hazardous
material, known as the source term, and the eventual dose received by populations downwind.
These models apply the laws of fluid dynamics and thermodynamics to simulate how a plume of
radioactive gases and particulates will behave as it is subjected to the chaotic forces of the
lower atmosphere.

The utility of these models lies in their ability to account for a vast array of fluid variables
simultaneously. They calculate the initial thermal lofting of the plume, the mechanical
turbulence generated by surface roughness, and the atmospheric stability that dictates how
rapidly the material dilutes. Furthermore, advanced modeling incorporates complex deposition



mechanisms, evaluating how isotopes settle onto the ground through gravitational settling or
are scrubbed from the air by precipitation. By running these mathematical simulations against
real-time or historical meteorological data, scientists can generate dynamic contour maps that
estimate ground-level radiation concentrations. In the context of nuclear safety, this predictive
capability is essential for establishing immediate exclusion zones, directing evacuation routes
away from projected contamination paths, and determining the appropriate thresholds for
medical interventions such as sheltering in place or the administration of thyroid-blocking
agents.

1.3. Overview of the Levant Region Context

The Levant, encompassing the eastern shore of the Mediterranean Sea and its immediate
hinterlands, presents an exceptionally challenging environment for atmospheric dispersion
forecasting. The region is characterized by stark topographical contrasts and microclimates
packed into a relatively small geographic area. To the west, the Mediterranean Sea acts as a
massive thermal reservoir, driving consistent coastal breezes and marine boundary layers.
Moving eastward, the landscape rapidly transitions from fertile coastal plains into the rugged
elevations of the Judean Mountains, before dropping precipitously into the Dead Sea Rift Valley,
which sits far below sea level. South of these features lies the arid expanse of the Negev Desert,
where the nuclear facility is located.

This dramatic topography fundamentally disrupts uniform wind flows, creating localized
channels, orographic lifting, and severe temperature inversions. The climate is further
complicated by its position at the crossroads of major synoptic weather systems. While the
region generally experiences a predictable cycle of dry, hot summers and mild, wet winters, it is
frequently subjected to intense transitional weather events. High-pressure systems from the
Arabian Peninsula or North Africa can rapidly reverse prevailing wind patterns, driving massive
amounts of desert dust and, in a hypothetical accident scenario, airborne isotopes toward
heavily populated coastal cities. Furthermore, the demographic density of the Levant and the
proximity of sovereign borders mean that any significant radiological release would almost
instantaneously become a complex transnational crisis, underscoring the critical need for highly
localized and adaptable dispersion modeling.

2. Site Characterization and Geography of the Negev
2.1. Location and Topography of the Negev Nuclear Research Center

The Negev Nuclear Research Center is situated in the eastern expanse of the Negev Desert, a
vast, arid region that covers the southern half of Israel. Located approximately ten to fifteen
kilometers southeast of the city of Dimona, the facility sits on an undulating desert plateau



characterized by rocky terrain, sparse vegetation, and intricate wadi systems. The baseline
elevation of the facility and its immediate surroundings is roughly five hundred to six hundred
meters above sea level. This topographical baseline is a critical variable in atmospheric
dispersion modeling, as the initial elevation dictates the starting point of any radioactive plume
relative to surrounding geographic barriers and population centers.

The surface roughness of the immediate area is relatively low compared to forested or urban
environments, but it is not entirely smooth. The presence of rocky ridges, shallow canyons, and
thermal differentials caused by the high sensible heat flux of the desert floor during daylight
hours generates significant mechanical and convective turbulence in the lower atmospheric
boundary layer. This turbulence plays a dual role in the event of a radiological release. High
thermal convective energy can loft a hot plume higher into the atmosphere, bypassing
immediate ground-level deposition, while localized mechanical turbulence can cause rapid
initial diffusion of the plume's edges. Understanding the specific aerodynamic roughness length
of this rocky desert plateau is essential for calculating the initial mixing height and the
subsequent dilution rate of hazardous particulates before they are subjected to broader
regional weather patterns.

2.2. The Arava Valley and Dead Sea Rift Topographical Corridors

Just east of the facility, the topography undergoes one of the most dramatic transitions on the
planet. The land drops precipitously from the Negev plateau down into the Dead Sea Rift Valley,
a massive geological fault line that forms part of the Great Rift Valley system. The lowest point
of this rift, the Dead Sea, sits more than four hundred meters below sea level, creating a sudden
elevation drop of nearly one thousand meters from the facility's location over a horizontal
distance of less than forty kilometers. South of the Dead Sea, this deep trench continues as the
Arava Valley, stretching all the way to the Gulf of Agaba.

This extreme topographical anomaly functions as a massive, natural channelling mechanism for
atmospheric transport. When prevailing westerly or northwesterly winds sweep across the
elevated Negev plateau, the air mass, along with any airborne radiological contaminants, is
pushed over the edge of the rift. Instead of continuing in a straight line, the denser, cooling
particulate matter can become trapped within this deep topographical corridor. The steep walls
of the rift, formed by the Edom Mountains to the east in Jordan and the Negev Highlands to the
west, effectively block lateral dispersion. As a result, the rift valley acts as a highly efficient
conduit, directing the localized flow of lower-altitude airborne material strictly along a north-
south axis. Heavy isotopes that succumb to gravitational settling are particularly susceptible to
this channelling effect, creating a high-density fallout pathway that follows the valley floor
rather than adhering strictly to the higher-altitude synoptic steering winds.



2.3. Proximity to Major Population Centers and International Borders

The geographic placement of the facility is a defining factor in calculating the human and
geopolitical risks associated with a loss-of-containment event. While the immediate surrounding
desert is sparsely populated, significant urban centers are well within the range of atmospheric
transport. The city of Dimona is the closest major municipality, lying just to the northwest.
Further northwest is the metropolitan area of Beersheba, the largest population center in the
Negev. Due to the prevailing wind patterns, these cities are generally situated upwind of the
facility. However, any deviation in normal weather patterns, such as a shift to southeasterly
winds, immediately places tens of thousands of residents in the direct trajectory of a primary
hazard plume.

Beyond domestic municipalities, the most critical geographic variable is the extreme proximity
to international borders. The eastern border with the Hashemite Kingdom of Jordan lies merely
thirty to forty kilometers from the facility, situated directly across the Arava Valley. Due to the
prevailing northwesterly winds, this border region, including the Jordanian governorates of
Karak and Tafilah, is chronically downwind. Furthermore, the southern tip of the West Bank is
located less than fifty kilometers to the north. This close proximity guarantees that any
significant radiological release would bypass a purely domestic containment strategy and
immediately trigger a transnational radiological emergency. The atmospheric transit time to
these borders is measured in minutes or low single-digit hours, leaving virtually zero margin for
delayed international notification and requiring highly integrated, cross-border predictive
modeling to protect civilian populations in neighboring sovereign territories.

3. Meteorological Baselines of the Eastern Mediterranean
3.1. Prevailing Northwesterly Flow and the Sea Breeze Front

The dominant meteorological feature governing atmospheric transport in the Levant is the
interaction between the Mediterranean Sea and the adjacent arid landmasses. During the
majority of the year, particularly in the extended summer months, the region is subjected to a
persistent northwesterly wind flow. This pattern is driven by the global circulation of the Hadley
cell combined with the localized effects of the Mediterranean basin. As the intense solar
radiation of the Middle East heats the landmass of the Negev and the Arabian Peninsula, the air
above it expands and rises, creating a relative low-pressure zone. Concurrently, the massive
thermal inertia of the Mediterranean Sea keeps the air above it relatively cool and dense,
forming a high-pressure zone.

This pressure gradient forces the cooler maritime air inland, creating a robust and predictable
sea breeze front that penetrates deep into the continent. By mid-afternoon, this front typically



reaches the elevated plateau of the Negev, sweeping across the location of the nuclear facility.
For atmospheric dispersion modeling, this prevailing northwesterly flow is the baseline steering
mechanism. It dictates that, under normal conditions, any released radiological particulates or
aerosols will be transported toward the southeast. The speed and depth of this marine
boundary layer dictate the initial dilution volume, effectively spreading the plume over the
sparsely populated central desert regions and pushing it toward the Arava Valley and the
borders of Jordan and Saudi Arabia.

3.2. Diurnal Temperature Inversions in Desert Environments

While the daytime meteorology of the Negev is characterized by strong convective mixing and
sea breeze penetration, the nighttime environment undergoes a radical transformation that
drastically alters plume dynamics. Deserts are defined by their lack of atmospheric moisture and
sparse cloud cover, which allows for extreme diurnal temperature fluctuations. As the sun sets,
the sensible heat accumulated in the rocky desert floor radiates rapidly back into space. The
ground cools at an accelerated rate, subsequently chilling the layer of air immediately in contact
with it.

This process, known as radiational cooling, creates a surface-based temperature inversion. In a
normal atmospheric profile, temperature decreases with altitude. During an inversion, the
temperature gradient is reversed, meaning a layer of cool, dense air becomes trapped beneath
a layer of warmer air aloft (dT/dz > 0). This inversion acts as an impenetrable atmospheric lid. If
a nuclear incident were to occur during the night or early morning hours, the released
radioactive material would not be able to mix vertically. Instead of diluting into the upper
atmosphere, the plume would be trapped within the first few hundred meters above the
surface. This lack of vertical diffusion forces the radiological concentration to remain
dangerously high as it travels downwind, significantly increasing the localized gamma dose rate
and ground deposition density for any populated areas caught within the narrow, highly
concentrated trajectory.

3.3. Synoptic-Scale Variations: The Sharav and Khamsin Weather Systems

The predictability of the prevailing northwesterly winds is periodically shattered by powerful
synoptic-scale weather events that define the transitional seasons of the Eastern
Mediterranean. During the spring and autumn months, the region is frequently impacted by
deep thermal lows moving eastward across the North African coast. As these low-pressure
systems approach the Levant, they draw in air from the vast deserts to the south and east.
These hot, dry, and often dust-laden winds are locally known as the Sharav in Israel or the
Khamsin in neighboring Arab nations.



The onset of a Sharav event completely reverses the baseline meteorological assumptions used
in standard dispersion models. The wind direction shifts abruptly, blowing from the southeast,
south, or east, and wind speeds can increase dramatically. In the context of a radiological
release from the Negev facility, this represents a worst-case scenario. Instead of carrying the
fallout over the relatively empty desert to the southeast, the Sharav winds would drive the
radioactive plume directly northwest or west. This trajectory places the densely populated
Mediterranean coastal plain, including the metropolitan hubs of Tel Aviv, Ashdod, and the Gaza
Strip, directly downwind. Furthermore, the intense mechanical turbulence and high particulate
load associated with these dust storms would complicate the deposition process, as radioactive
isotopes could adhere to airborne sand particles, altering their gravitational settling rates and
extending the range of significant ground contamination.

4. The Source Term: Release Mechanisms and Isotopic Inventory
4.1. Defining the Hypothetical Severe Accident Scenario

The foundation of any atmospheric dispersion model is the source term, which quantifies the
exact nature of the radioactive material released into the environment. In the context of a
hypothetical severe accident at the Negev Nuclear Research Center, defining the source term
requires establishing a specific loss-of-containment scenario. The Dimona facility is widely
understood to operate a heavy water-moderated and cooled reactor. A severe accident in this
type of facility would typically involve a catastrophic loss of coolant or a total station blackout,
leading to core uncovery, rapid overheating of the fuel cladding, and subsequent core
meltdown.

The source term is not a single instantaneous event but a complex, time-dependent release
broken into several phases. The initial phase is the gap release, occurring when the zirconium
alloy cladding ruptures, venting volatile fission products that had accumulated in the gap
between the uranium fuel pellets and the cladding wall. If cooling is not restored, the sequence
progresses to the early in-vessel release phase, where the fuel pellets themselves melt,
liberating a massive inventory of aerosols and heavier radioactive isotopes. Finally, if the molten
corium breaches the reactor vessel and interacts with the concrete containment floor, an ex-
vessel release phase begins, driven by core-concrete interactions that generate highly
combustible gases like hydrogen and carbon monoxide. An explosion or containment failure
during any of these phases dictates the pressure, temperature, and duration of the
environmental release, serving as the primary input variables for downwind trajectory mapping.



4.2. Thermal Lofting and Initial Plume Height Dynamics

Once containment is breached, the initial behavior of the escaping radioactive material is
governed heavily by its thermal energy. A severe reactor accident generates intense heat
through chemical fires, hydrogen deflagrations, and the decay heat of the molten core itself.
This thermal energy imparts massive buoyancy to the escaping gases and particulates, causing
them to rapidly ascend into the atmosphere in a process known as thermal lofting. For
dispersion modeling, determining the effective release height is more critical than knowing the
physical height of the reactor building or stack.

The effective release height can be mathematically represented as H = hs + dh, where H is the
effective height, hs is the physical stack or breach height, and dh is the plume rise due to
buoyancy and momentum. Plume rise is often calculated using empirical formulas such as the
Briggs equations, where the buoyancy flux, denoted as F, plays a central role. The buoyancy flux
is related to the gravity, volumetric flow rate, and the temperature difference between the
exiting gas and the ambient air. A highly energetic release might yield a plume rise of several
hundred meters or more. If the thermal lofting is powerful enough to push the plume above the
localized boundary layer or a nocturnal temperature inversion, the radioactive material will
interact with higher-altitude synoptic winds, traveling significantly farther but potentially
diluting more effectively. Conversely, a low-energy release, such as a slow containment leak, will
result in a minimal dh value, causing the material to remain near the ground and maximizing the
immediate, localized radiation dose to the surrounding environment.

4.3. Key Isotopes of Concern: lodine-131, Cesium-137, and Strontium-90

The isotopic inventory of the source term dictates both the short-term acute health risks and
the long-term environmental remediation challenges of a nuclear accident. While a reactor core
contains hundreds of different fission products, atmospheric modeling prioritizes isotopes
based on their volatility, half-life, and biological affinity. In a severe meltdown scenario, the
three most critical isotopes of concern are lodine-131, Cesium-137, and Strontium-90.

lodine-131 is highly volatile and escapes the reactor core easily as a gas or fine aerosol. It has a
relatively short half-life of approximately eight days, meaning it presents an acute, immediate
threat during the initial days of the fallout event. Because the human body readily absorbs
environmental iodine to regulate the thyroid gland, inhaling or ingesting lodine-131 poses a
severe risk of thyroid cancer, making it the primary driver for immediate public health
interventions like sheltering in place and administering blocking agents.

Cesium-137, with a half-life of about thirty years, is somewhat less volatile than iodine but is still
released in massive quantities during a core melt. Once in the atmosphere, it quickly condenses
onto ambient dust and aerosols. It is a powerful emitter of penetrating gamma radiation.



Because of its long half-life and chemical similarity to potassium, allowing it to easily enter the
food chain, Cesium-137 is the primary isotope responsible for long-term ground contamination
and the establishment of decades-long exclusion zones.

Strontium-90 is a refractory element, meaning it requires extremely high temperatures to
vaporize, and is typically released in significant amounts only during severe core degradation
and ex-vessel core-concrete interactions. It has a half-life of roughly twenty-nine years and is a
pure beta emitter. While it does not project external gamma radiation like cesium, it poses a
severe internal ingestion hazard. Strontium behaves chemically like calcium, meaning that once
it settles onto agricultural land and is ingested via contaminated food or water, it is deposited
directly into human bone and bone marrow, posing a long-term risk of leukemia and bone
cancers downwind of the facility.

5. Atmospheric Dispersion Physics and Modeling Methodologies

Translating a defined radiological source term and complex regional meteorology into
actionable hazard maps requires the application of computational atmospheric dispersion
models. These models are built upon the fundamental principles of fluid dynamics,
thermodynamics, and statistical mechanics. In the context of a severe nuclear accident at the
Negev Nuclear Research Center, the chosen modeling methodology must be capable of
simulating the transport, diffusion, and eventual deposition of radioactive isotopes across the
highly variable terrain of the Levant. While advanced computational fluid dynamics codes exist,
the foundational tools for emergency response and predictive trajectory mapping rely heavily
on Gaussian-based mathematical frameworks, modified to account for the specific atmospheric
stability conditions and deposition mechanisms prevalent in the region.

5.1. Gaussian Plume and Puff Modeling Principles

The most widely utilized mathematical approach for estimating the downwind concentration of
airborne contaminants is the Gaussian plume model. This model assumes that an atmospheric
release, under steady-state meteorological conditions, will disperse such that the crosswind and
vertical concentrations of the radioactive material follow a normal, or Gaussian, statistical
distribution. The highest concentration remains along the central centerline of the plume,
decreasing exponentially toward the edges. The basic steady-state Gaussian plume equation for
calculating the concentration at a specific receptor point is expressed as:

C(x,y,z) =(Q/ (2 * pi * u * sigma_y * sigma_z)) * exp(-y*2 / (2 * sigma_y”"2)) * [exp(-(z- H)*2 /
(2 * sigma_z"2)) + exp(-(z + H)*2 / (2 * sigma_z"2))]



In this equation, C represents the concentration of the isotope at downwind distance x,
crosswind distance y, and height z. Q is the source term emission rate, u is the mean wind speed
at the release height, and H is the effective release height, which accounts for thermal lofting.
The variables sigma_y and sigma_z are the standard deviations of the plume concentration in
the horizontal and vertical directions, respectively. The final term in brackets accounts for the
reflection of the plume off the ground surface.

While the standard continuous plume model is useful for steady prevailing winds, the complex
topography and shifting weather systems of the Levant often necessitate the use of Gaussian
puff models. Instead of assuming a continuous, unbroken plume, puff models treat the release
as a series of discrete airborne clouds, or puffs. Each puff is tracked independently as it is
transported by the evolving wind field, allowing the model to account for spatial and temporal
variations in meteorology, such as the sudden onset of a sea breeze front or the channelling
effect of the Dead Sea rift. As the puffs travel, they diffuse and eventually overlap to create a
cumulative concentration map that accurately reflects changing conditions over time.

5.2. Atmospheric Stability Classes and Dispersion Coefficients

The accuracy of both plume and puff models hinges on the correct determination of the
dispersion coefficients, sigma_y and sigma_z. These parameters dictate how rapidly the
radioactive material dilutes into the surrounding air, and they are directly governed by the
turbulence and thermal profile of the lower atmosphere. To standardize these calculations,
meteorologists utilize atmospheric stability classes, most commonly the Pasquill-Gifford
categorization system, which ranks atmospheric stability from Class A to Class F.

Class A represents extremely unstable conditions, typically occurring in the Negev Desert during
hot, sunny afternoons with low wind speeds. Under Class A conditions, intense solar radiation
heats the desert floor, creating powerful convective thermals that cause rapid vertical and
horizontal mixing. In this scenario, sigma_y and sigma_z expand quickly, diluting the radioactive
plume over a larger volume of air but potentially bringing higher-altitude material down to the
surface via turbulent eddies. Conversely, Class F represents extremely stable conditions,
characteristic of the severe nighttime temperature inversions common in the arid Levant. In
Class F, vertical mixing is heavily suppressed, and the dispersion coefficients remain very small.
The plume does not dilute significantly, maintaining a tight, highly concentrated core of
radiation that travels close to the ground, maximizing the exposure risk for any downwind
populations. Classes B through E represent intermediate states of stability, factoring in varying
degrees of cloud cover, solar insolation, and mechanical turbulence generated by wind shearing
across the rocky desert surface.



5.3. Dry Deposition vs. Wet Deposition Scavenging

As the radioactive plume travels downwind, isotopes are continuously removed from the air
mass and deposited onto the ground, structures, and vegetation. This process, which dictates
the long-term contamination zones following an accident, is divided into two primary
mechanisms: dry deposition and wet deposition. Dry deposition occurs continually under all
weather conditions and is driven by gravitational settling and surface impaction. Heavier
particulate matter, such as coarse fragments of degraded reactor fuel, will fall out of the plume
relatively close to the facility due to gravity. Finer aerosols and reactive gases, like lodine-131,
are deposited when turbulent air currents bring them into contact with ground surfaces where
they chemically or physically adhere. The rate of this transfer is quantified by a dry deposition
velocity parameter, which is highly dependent on the aerodynamic roughness of the terrain,
making the rocky landscape of the Judean Mountains a more efficient sink for dry deposition
than the smoother surfaces of the Dead Sea.

Wet deposition, also known as precipitation scavenging, is a far more aggressive removal
mechanism. If the radioactive plume intersects with a rainstorm, which can occur during winter
cyclonic events in the eastern Mediterranean, the water droplets effectively wash the isotopes
out of the atmosphere. This occurs either through rainout, where particles act as condensation
nuclei within the clouds, or washout, where falling rain sweeps particles from the air below the
cloud base. The rate of removal is calculated using a scavenging coefficient, which is
exponentially related to the intensity of the rainfall. Wet deposition can rapidly deplete the
airborne plume, significantly reducing the inhalation hazard further downwind, but it results in
highly concentrated, localized hotspots of ground contamination. In a severe accident scenario,
predicting the precise intersection of the fallout trajectory with localized rain bands is the most
critical factor in anticipating where the highest levels of long-term Cesium-137 and Strontium-
90 contamination will occur.

6. Scenario Alpha: The Downwind Southeast Trajectory
6.1. Trajectory Mapping Under Normal Climatological Conditions

The most statistically probable atmospheric dispersion pathway following a severe radiological
release at the Negev Nuclear Research Center is dictated by the prevailing northwesterly winds.
This baseline meteorological state, driven by the Mediterranean sea breeze and broader
regional circulation patterns, establishes a primary trajectory vector pointing toward the
southeast. In this scenario, designated as Scenario Alpha, the initial plume dynamics are
governed by the interaction between the thermal lofting of the release and the depth of the
local desert boundary layer. Once the radioactive material is injected into the steering wind



flow, it begins a steady transit across the sparsely populated, undulating terrain of the central
and southern Negev Desert.

During the daytime, high solar insolation over the desert surface creates vigorous convective
mixing. This mechanical and thermal turbulence rapidly expands the plume's horizontal and
vertical standard deviations, widening the cloud as it travels southeast. While this turbulent
mixing effectively dilutes the maximum concentration of the radioactive core, it simultaneously
increases the total geographic area exposed to the passing cloud. As the plume traverses the
Negev plateau, it maintains a relatively coherent, elongated elliptical shape. The speed of the
plume is directly proportional to the synoptic wind speed, typically moving at a rate that would
carry the leading edge of the airborne hazard several dozen kilometers downwind within the
first few hours of the loss-of-containment event.

6.2. Transboundary Fallout Estimations for Jordan and Saudi Arabia

Because the facility is located in the eastern portion of the Negev, a southeast trajectory
ensures that the radioactive plume will intersect international borders within a highly
compressed timeframe. After traveling roughly forty kilometers, the main body of the plume
would encounter the steep topographic drop of the Arava Valley. While some heavy particulate
matter might become channelled within the valley floor, the bulk of the thermally lofted and
well-mixed plume would cross the rift and enter the sovereign airspace of the Hashemite
Kingdom of Jordan. The southern Jordanian governorates, particularly Tafilah, Karak, and Ma'an,
sit directly in the path of this prevailing wind corridor.

The transboundary nature of Scenario Alpha presents severe logistical challenges for emergency
management. Depending on wind speeds, the airborne arrival time of volatile isotopes like
lodine-131 in Jordanian population centers could be as little as two to four hours post-release.
As the plume continues its southeast progression, it crosses the arid expanses of southern
Jordan and eventually penetrates the northwestern borders of the Kingdom of Saudi Arabia,
specifically projecting toward the Tabuk province. Although the atmospheric concentration of
the radioactive material decreases exponentially as a function of distance and time due to
continuous volumetric diffusion, the sheer magnitude of a severe core-melt source term means
that international safety thresholds for inhalation hazards and ground deposition would likely be
exceeded hundreds of kilometers from the point of origin.

6.3. Radiological Gradient and Ground Contamination Forecasting

The spatial distribution of ground contamination under Scenario Alpha follows a distinct
radiological gradient that decays with distance from the Dimona facility. This footprint is
primarily mapped through the continuous process of dry deposition, where gravitational settling
and turbulent surface impaction pull isotopes out of the passing plume. The resulting hazard



map forms a classic tear-drop or wedge-shaped exclusion zone extending southeast. The apex of
this zone, located in the immediate vicinity of the facility, represents the area of maximum
catastrophic contamination, where heavy, refractory isotopes and coarse fuel fragments fall
directly back to the earth. In this proximal zone, lethal gamma dose rates would require
immediate and permanent evacuation.

Moving further downwind along the central axis of the trajectory, the ground contamination
profile shifts. The deposition is dominated by lighter particulates and aerosols, predominantly
Cesium-137 and Strontium-90, which have condensed and adhered to ambient desert dust. The
concentration of these isotopes on the ground surface decreases according to an inverse power
law relative to the distance from the source. However, because the plume is continuously
widening due to crosswind diffusion, the lateral spread of lower-level contamination becomes
vast. The outer edges of this southeast footprint would define the boundaries for long-term
agricultural quarantines and environmental monitoring. Forecasting this exact gradient requires
calculating the specific deposition velocities of the isotopes against the aerodynamic roughness
of the desert scrub and rocky terrain, allowing health physicists to estimate the decades-long
external radiation doses that downwind environments in the Negev, Jordan, and Saudi Arabia
would face after the initial atmospheric plume has dissipated.

7. Scenario Beta: The Sharav Effect and Coastal Population Risks
7.1. Wind Reversal Mechanics During Spring and Autumn Transitions

While the prevailing northwesterly winds dominate the Levant for the majority of the year, the
transitional seasons of spring and autumn introduce a severe meteorological anomaly known
locally as the Sharav or Khamsin. From an atmospheric modeling perspective, a Sharav event
represents the most critical high-risk variable in forecasting a loss-of-containment scenario at
the Negev Nuclear Research Center. This phenomenon is driven by the eastward migration of
deep, synoptic-scale thermal lows across the North African coastline or the sudden expansion of
the Red Sea Trough. As these low-pressure systems approach the Eastern Mediterranean, the
regional pressure gradient completely inverses. The cool, moist maritime air mass is displaced
by hot, exceedingly dry, and high-velocity winds drawn directly from the Arabian and Saharan
deserts.

The onset of a Sharav abruptly shifts the steering wind vector, denoted as theta, from a baseline
of approximately 315 degrees (northwesterly) to anywhere between 90 and 180 degrees
(easterly to southerly). This wind reversal fundamentally changes the atmospheric physics of
the dispersion model. The Sharav is characterized not only by extreme sensible heat flux but
also by massive aeolian dust transport. The ambient air becomes heavily loaded with silicate



particulates. For a radioactive plume, this introduces a complex aerosol interaction where
volatile fission products, such as lodine-131 and vaporized Cesium-137, rapidly condense onto
and coagulate with the suspended desert dust. This heavy particulate loading alters the
effective gravitational settling velocity of the isotopes, while the intense mechanical turbulence
generated by sustained high wind speeds (often where the mean wind speed u exceeds 10 to 15
meters per second) drives rapid, chaotic vertical mixing throughout the deepened boundary
layer.

7.2. Plume Trajectory Toward the Mediterranean Coast and Tel Aviv

Under the influence of a Sharay, the radiological trajectory, designated here as Scenario Beta,
points directly toward the demographic and economic core of Israel and the Palestinian
territories. A release occurring during this wind reversal would generate a plume that travels
northwest or west-northwest from the Dimona facility. The airborne hazard would first sweep
across the northern Negey, directly impacting the regional capital of Beersheba within roughly
thirty to sixty minutes of containment failure, depending on the specific velocity of the Sharav
system.

As the plume continues its northwest progression, it would cross the Shfela, or Judean foothills,
and descend onto the Mediterranean coastal plain. This trajectory places the Gush Dan
metropolitan area, which encompasses Tel Aviv and its surrounding suburban continuum, as
well as the southern coastal cities of Ashdod, Ashkelon, and the heavily populated Gaza Strip,
directly within the primary deposition footprint. The transit time equation, t = x / u, where x is
the downwind distance and u is the mean wind speed, highlights the severity of this scenario.
Given a distance of roughly 100 to 130 kilometers to the Tel Aviv metropolitan area and a
sustained wind speed of 12 meters per second, the leading edge of the radioactive plume would
breach the coastal population centers in less than three hours. This severely compressed
timeline effectively neutralizes the possibility of preemptive mass evacuation, forcing
emergency management to rely entirely on immediate sheltering and localized medical
interventions.

7.3. Acute Exposure Risks in High-Density Urban Environments

The intersection of a severe radiological plume with the high-density urban environments of the
Mediterranean coast fundamentally shifts the risk profile from localized ground contamination
to a catastrophic, mass-casualty inhalation event. In the sparsely populated desert of Scenario
Alpha, the primary concern is the long-term deposition of heavy isotopes. In Scenario Beta, the
overwhelming threat is the acute dose delivered to millions of individuals breathing the
contaminated air mass as the plume passes overhead. The highly volatile isotopes, specifically



lodine-131 and Tellurium-132, present an immediate and profound risk to the thyroid glands
and respiratory tracts of the exposed population.

Furthermore, modeling dispersion within a major metropolitan area requires adjusting the
Gaussian framework to account for the urban canopy effect. As the plume encounters the
jagged skyline of cities like Tel Aviv, the surface roughness length increases exponentially. The
dense cluster of high-rise buildings induces severe mechanical turbulence, creating
aerodynamic wakes, building downwash, and street-canyon channelling. These urban fluid
dynamics cause the plume to mix violently downward to the street level, drastically increasing
the ground-level concentration of the radioactive aerosol. The standard dispersion coefficients,
sigma_y and sigma_z, must be artificially inflated to represent this rapid urban diffusion.
Consequently, radioactive particulates are driven into the ventilation systems of commercial
buildings and into the immediate breathing zones of the populace. Following the passage of the
initial cloud, the high concentration of dust and sand inherent to the Sharav would result in a
massive dry deposition event, coating the entire urban infrastructure in a fine, highly radioactive
layer of particulate matter, rendering the metropolitan core a severe long-term remediation
challenge.

8. Topographical Channelling: The Dead Sea Rift and Jerusalem
8.1. Low-Altitude Airflow Dynamics in the Rift Valley

The topographic complexity of the Levant introduces severe non-linearities into atmospheric
dispersion modeling, most notably due to the Dead Sea Rift. This massive geological trench, part
of the larger Syrian-African Rift system, lies just east of the Negev Nuclear Research Center and
plunges to more than four hundred meters below sea level. When a radioactive plume is driven
eastward or southeastward by prevailing winds, the heavier particulates and lower-altitude
gases do not simply glide over the rift. Instead, as the air mass crosses the escarpment, it
undergoes rapid subsidence, dragging the radioactive material down into the deep valley floor.

Once inside the rift, the plume is subjected to topographical channelling. The steep walls of the
Judean Mountains to the west and the Moab Mountains to the east act as impermeable
physical boundaries, effectively neutralizing lateral crosswind diffusion (sigma_y). Instead of
expanding outwardly in a Gaussian curve, the plume's horizontal spread is physically
constrained by the valley width. The fundamental principle of conservation of mass dictates the
airflow dynamics within this channel, expressed simply as Q = u * A, where the continuous
radioactive flux Q is governed by the wind velocity u and the cross-sectional area A of the valley.
Because A is restricted, the concentration of the trapped radioactive material remains artificially
high over long distances. Furthermore, local diurnal wind patterns within the valley, such as



daytime anabatic (upslope) breezes and nighttime katabatic (downslope) drainage flows, can
force the channelled plume to travel longitudinally along the north-south axis of the Dead Sea,
creating an extended corridor of high-level contamination that defies the broader regional
steering winds operating at higher altitudes.

8.2. Orographic Lifting and Dispersion Up the Judean Mountains

If the synoptic weather pattern or local valley circulations force the channelled radioactive
plume westward out of the Dead Sea Rift, or if southerly winds drive the plume directly north
from Dimona, the air mass must interact with the Judean Mountains. This mountain range,
cresting at elevations near eight hundred meters above sea level, forms a massive physical
barrier. As the contaminated air mass is pushed against the eastern or southern slopes, it is
forced to ascend, a mechanical process known as orographic lifting.

The physics of orographic lifting significantly alter the thermodynamic state of the radioactive
plume. As the air parcel rises along the mountain slope, the atmospheric pressure decreases,
causing the parcel to expand and cool. This cooling occurs at the dry adiabatic lapse rate,
mathematically defined as dT/dz = -g / cp, where the change in temperature T with respect to
height z is equal to the negative acceleration of gravity g divided by the specific heat of air at
constant pressure cp (approximately 9.8 degrees Celsius per kilometer). If the rising,
contaminated air cools to its dew point, the water vapor condenses around the radioactive
aerosols, which act as highly efficient cloud condensation nuclei. This phase change can result in
the formation of radioactive fog or orographic clouds clinging to the mountain peaks.
Consequently, the dispersion mechanism shifts from standard dry deposition to occult
deposition, where contaminated water droplets impact and adhere directly to vegetation, soil,
and urban infrastructure, leading to intense, localized radiological hotspots on the windward
slopes of the mountain range.

8.3. Vulnerability Assessment for the Greater Jerusalem Area

The Greater Jerusalem metropolitan area sits directly atop the crest of the Judean Mountains,
making its radiological vulnerability highly dependent on the orographic and channelling
mechanisms previously described. Located approximately seventy-five to eighty kilometers
north-northeast of the Dimona facility, Jerusalem is safely upwind under normal northwesterly
prevailing conditions. However, under the influence of strong southerly winds or specific rift-
valley wind ejections, the city faces a unique and severe hazard profile. Because Jerusalem sits
at a high elevation, a plume that undergoes thermal lofting at the source may travel horizontally
through the upper boundary layer and impact the city directly, bypassing the lower-elevation
terrain entirely.



The vulnerability of Jerusalem is compounded by its topography and demographic density. If
orographic lifting results in the formation of radioactive fog or low-level clouds, the city would
experience massive occult deposition, coating the ancient stone infrastructure, narrow street
canyons, and critical water reservoirs in a high-concentration layer of Cesium-137 and lodine-
131. Furthermore, the complex, undulating terrain within the city itself creates micro-climates
of deposition. Windward ridges would face maximum impaction and contamination, while
leeward valleys might experience turbulent aerodynamic wakes that trap recirculating
radioactive eddies. With a transit time from the facility of potentially less than three hours
under strong southerly winds, emergency management would face the monumental logistical
challenge of sheltering over a million residents in an urban environment where the very
topography exacerbates the concentration and persistence of the fallout.

9. Precipitation Scavenging and Localized Hotspots
9.1. Winter Storm Systems and Rainout Mechanisms

While dry deposition dictates the baseline contamination footprint of a radiological release, the
introduction of precipitation radically alters the dispersion and ground accumulation of
atmospheric isotopes. In the Levant, significant precipitation is almost exclusively confined to
the winter months, typically driven by cyclogenesis over the eastern Mediterranean Sea. These
weather systems, frequently referred to as Cyprus lows, drag cold, moist maritime air over the
region, resulting in widespread frontal rain and intense, localized convective showers. If a severe
accident at the Negev Nuclear Research Center coincides with one of these winter storm
systems, the atmospheric transport model shifts from a continuous, widespread diffusion
paradigm to one dominated by highly efficient, localized atmospheric scrubbing.

The interaction between a radioactive plume and a rain system is governed by two distinct
physical processes: rainout and washout. Rainout, or in-cloud scavenging, occurs when the
thermally lofted radioactive plume reaches the condensation level and intersects with a
developing storm cloud. In this highly saturated environment, the vaporized fission products
and microscopic aerosols, particularly hygroscopic isotopes like lodine-131, act as highly
effective cloud condensation nuclei. Water vapor condenses directly onto the radioactive
particles, incorporating the contamination into the cloud water matrix before the droplets even
begin to fall. Washout, or below-cloud scavenging, occurs when falling rain droplets fall through
a lower-altitude radioactive plume. As the droplets descend, they collide with and capture
suspended particulates through inertial impaction and Brownian diffusion. Both rainout and
washout mechanisms deplete the airborne plume at an accelerated rate, dramatically reducing



the inhalation hazard for populations further downwind but transferring that massive
radiological inventory directly to the underlying ground surface in a highly concentrated deluge.

9.2. Calculating Ground Deposition Rates During Precipitation Events

The mathematical modeling of wet deposition is critical for forecasting the emergence of
localized, high-intensity radiation hotspots. The efficiency of the precipitation scavenging
process is quantified by the scavenging coefficient, denoted by the Greek letter Lambda. This
coefficient represents the fractional depletion rate of the airborne contaminant concentration
per unit of time due to precipitation. For practical atmospheric dispersion modeling, Lambda is
heavily dependent on the physical characteristics of the rainfall and the aerodynamic size of the
aerosol particles.

The scavenging coefficient is typically calculated using an empirical power-law relationship
expressed as Lambda = a * I*b, where | represents the precipitation intensity in millimeters per
hour, and a and b are empirical constants derived from the specific particle size distribution and
the type of precipitation, such as stratiform drizzle versus convective downpours. Once Lambda
is determined, the wet deposition flux, D_wet, which is the amount of radioactive material
deposited per unit area per unit time, can be calculated by integrating the product of the
scavenging coefficient and the atmospheric concentration over the entire vertical depth of the
plume. This is mathematically expressed as D_wet = Lambda * integral of C(z) dz from z=0 to
z=infinity, where C(z) is the concentration of the isotope at height z. This calculation reveals that
even a brief, intense rain shower passing through a highly concentrated segment of the plume
will violently strip the atmosphere of its particulate load. The result is a severe, localized
hotspot on the ground, sometimes exhibiting radiation levels orders of magnitude higher than
adjacent areas that only experienced dry deposition.

9.3. Long-Term Environmental Persistence of Waterborne Isotopes

Once precipitation drives the radioactive inventory into the soil, the environmental hazard
transitions from an atmospheric physics problem to a hydrological and geochemical crisis. The
long-term persistence and mobility of these waterborne isotopes depend entirely on their
chemical properties and their interaction with the specific soil compositions of the Levant. The
heavy, semi-arid soils of the northern Negev and the Judean foothills are rich in clay minerals,
which aggressively interact with dissolved fission products, dictating the feasibility of
agricultural recovery and the vulnerability of regional aquifers.

Cesium-137, one of the primary long-term hazards, is highly reactive with clay minerals,
particularly illite and smectite. When rain washes Cesium-137 into the soil, the cesium cations
rapidly undergo ion exchange with the clay matrix, becoming irreversibly bound within the
crystalline lattice of the soil particles. Consequently, Cesium-137 is highly immobile; it remains



locked in the top few centimeters of the soil, projecting a persistent external gamma field that
can render agricultural land unusable for decades without aggressive topsoil stripping.
Conversely, Strontium-90 is significantly more water-soluble and less tightly bound by local soils.
It acts chemically similar to calcium, meaning it remains biologically available to plant roots and
is highly mobile within the hydrological cycle. In the steep wadi networks of the Negev and the
Judean Mountains, intense winter rains would not only deposit Strontium-90 but also physically
transport it via flash floods, creating dangerous, concentrated secondary hotspots in terminal
basins, agricultural lowlands, and potentially infiltrating the vital coastal and mountain
groundwater aquifers.

10. Public Health Interventions and Civil Defense Logistics
10.1. Shelter-in-Place Protocols and Evacuation Thresholds

The immediate mitigation of human exposure during a severe atmospheric release relies
entirely on the rapid execution of civil defense protocols. In the tightly compressed geography
of the Levant, the transit time of a radioactive plume from the Negev Nuclear Research Center
to major population centers is measured in mere hours or less. This severe temporal constraint
dictates that traditional, large-scale evacuation models are often unfeasible for the immediate
downwind populace. Attempting to evacuate a densely populated urban area, such as the
coastal plains under a Sharav scenario or the Jerusalem corridor during an orographic event,
while the radioactive cloud is already in transit would expose millions of civilians to acute
inhalation hazards while trapped in gridlocked traffic. Consequently, the primary defensive
strategy relies on aggressive shelter-in-place directives.

The physics of sheltering are designed to interrupt the inhalation pathway of volatile gases and
aerosols. By retreating indoors, closing all structural apertures, and deactivating external
ventilation systems, civilians create a localized clean-air microenvironment. The effectiveness of
this strategy is highly dependent on the air exchange rate of the building envelope. Modern
Israeli construction, which frequently incorporates sealed secure rooms designed to withstand
conventional and chemical attacks, provides an exceptionally high protective factor against
transient radioactive plumes. However, sheltering is only a temporary measure. Once the
primary cloud has passed, the ambient air concentration drops, but the ground remains
contaminated by dry and wet deposition. At this stage, authorities must rely on specific
radiological thresholds, typically measured in millisieverts, to determine whether long-term
evacuation is necessary. If the projected effective dose from groundshine and resuspension
exceeds established emergency action levels, controlled evacuations must be executed outward
from the most heavily contaminated zones, requiring massive logistical coordination to screen,



decontaminate, and relocate displaced populations without exacerbating their cumulative
radiation exposure.

10.2. Thyroid Blocking: Potassium lodide Distribution Strategies

Among the complex inventory of fission products released during a reactor meltdown, lodine-
131 presents the most acute and specific biological threat. Because the human endocrine
system cannot distinguish between stable iodine and its radioactive isotopes, the thyroid gland
will rapidly absorb and concentrate inhaled or ingested lodine-131. The resulting intense,
localized beta and gamma radiation leads to widespread cellular destruction and a drastically
elevated risk of radiation-induced thyroid cancer, particularly in children and developing fetuses.
The sole pharmacological intervention to prevent this specific uptake is the timely
administration of Potassium lodide.

Potassium lodide works through the principle of competitive inhibition. By flooding the
bloodstream with a massive dose of stable iodine, the thyroid gland becomes fully saturated
and is temporarily rendered incapable of absorbing any further environmental iodine, allowing
the radioactive isotopes to be harmlessly excreted through the renal system. The critical
logistical challenge of Potassium lodide distribution is its narrow window of efficacy. To achieve
maximum protection, the blocking agent must be ingested shortly before or immediately
concurrent with exposure to the plume. Administering the drug several hours after the
inhalation of lodine-131 significantly degrades its protective value. Given the rapid atmospheric
transit times in the Eastern Mediterranean, reactive distribution from centralized stockpiles is
generally insufficient. Effective civil defense requires either the pre-distribution of Potassium
lodide tablets to all households within the immediate hazard zones or the integration of the
drug into widely dispersed, highly accessible community nodes, backed by an instantaneous,
nationwide emergency broadcast system to trigger immediate consumption upon the
verification of a containment breach.

10.3. Agricultural Quarantines and Water Supply Protection

Once the immediate threat of the passing atmospheric plume is mitigated, public health
interventions must rapidly transition to securing the region's food and water supply. The long-
term deposition of isotopes, particularly Cesium-137, Strontium-90, and the residual lodine-
131, introduces a severe ingestion hazard that can persist for decades. The most immediate
concern following deposition is the contamination of the dairy supply. Grazing animals,
particularly dairy cows and goats, act as highly efficient biological concentrators. They consume
massive quantities of contaminated surface vegetation daily, and the soluble isotopes are
rapidly synthesized into their milk. Consequently, one of the first and most critical civil defense
actions must be the immediate quarantine of all dairy production within the projected fallout



footprint and the issuing of strict advisories against the consumption of fresh, locally sourced
milk.

Beyond the dairy sector, broad agricultural quarantines must be established across the affected
wadis and coastal plains. The direct impaction of radioactive aerosols onto leafy green
vegetables renders them immediately hazardous, while the gradual incorporation of Strontium-
90 into the soil matrix threatens deep-rooted crops and orchards over subsequent growing
seasons. Simultaneously, protecting the hydrological infrastructure is paramount in the arid
Levant. Open reservoirs, aqueducts, and the catchments of the National Water Carrier are
highly vulnerable to direct wet and dry deposition. While deep fossil aquifers are initially
insulated from surface fallout, the intricate network of surface runoff, flash floods, and shallow
groundwater recharge zones necessitates intensive, continuous radiological monitoring.
Securing these vital resources requires a highly coordinated, multi-agency effort to interdict
contaminated food supplies at the source, reroute water distribution networks, and implement
large-scale decontamination of critical agricultural and hydrological infrastructure.

11. Cross-Border Implications and Regional Contamination
11.1. Transnational Notification and Data Sharing Protocols

The geographic reality of the Negev Nuclear Research Center guarantees that any severe loss-of-
containment event is inherently a transnational crisis. Situated less than forty kilometers from
the Jordanian border and within close atmospheric proximity to Saudi Arabia, Egypt, and the
Palestinian territories, a radiological release leaves virtually no buffer for diplomatic delay. The
primary mechanism for managing such an event on a global scale is the International Atomic
Energy Agency Convention on Early Notification of a Nuclear Accident. However, the unique
geopolitical landscape of the Levant severely complicates the execution of these international
protocols. Effective emergency management relies on the instantaneous sharing of the source
term data, meteorological telemetry, and projected dispersion models.

The physics of atmospheric transport dictate a brutally compressed timeline for this information
exchange. If a radioactive plume is driven by a moderate prevailing wind speed of u = 8 meters
per second toward the east-southeast, the transit time equation t = x / u reveals that the
leading edge of the hazard will breach the Jordanian border at distance x = 40 kilometers in
approximately five thousand seconds, or less than ninety minutes. This physical constraint
means that traditional, hierarchical diplomatic communication channels are dangerously
inadequate. Mitigating the acute health risks in neighboring sovereign states requires the
establishment of automated, real-time data linkages between the facility's environmental
monitoring network and the civil defense headquarters of downwind nations. The absence of



comprehensive, normalized diplomatic relations across the entirety of the projected fallout
zones creates a severe vulnerability, where political friction could delay the transmission of life-
saving shelter-in-place directives, forcing downwind populations to rely solely on delayed
secondary detection by their own national radiological monitoring networks.

11.2. Economic and Agricultural Impacts in Neighboring States

The fallout from a severe atmospheric release would devastate the regional economy long after
the acute inhalation hazard has dissipated. The economies of the Levant are intricately tied to
agriculture, tourism, and resource extraction, all of which are highly sensitive to radiological
contamination. If the prevailing winds dictate a Scenario Alpha trajectory, the Hashemite
Kingdom of Jordan would bear the brunt of the immediate transboundary agricultural impact.
The Jordan Valley and the highlands of the Karak and Tafilah governorates are critical
agricultural zones. The immediate dry and wet deposition of Cesium-137 and Strontium-90
would necessitate the indefinite quarantine of thousands of hectares of arable land and grazing
pastures.

The economic shockwave would extend far beyond the physically contaminated zones due to
the phenomenon of radiophobia and the collapse of consumer confidence. International
markets routinely impose total embargoes on agricultural exports from any nation affected by a
nuclear accident, regardless of localized testing. For neighboring states reliant on exporting
citrus, olives, and dates to European and Gulf markets, this would trigger an immediate collapse
of agricultural GDP. Furthermore, the Dead Sea region, shared by Israel and Jordan, is a massive
hub for mineral extraction industries, specifically potash and bromine. If the topographical
channelling of the Dead Sea Rift concentrates heavy isotopes over these evaporation pans, the
multi-billion-dollar mineral export industry would be paralyzed. The cost of continuously
monitoring these exported goods for trace radioactive contamination would destroy their global
market competitiveness, leading to severe, localized economic depressions in the affected
downwind states.

11.3. Long-Term Remediation and Exclusion Zone Management

Managing the long-term environmental consequences of a nuclear accident in a desert
environment presents unique physical and logistical challenges that differ vastly from historical
incidents in temperate or forested zones. The establishment of an international exclusion zone
requires defining a strict boundary based on the continuous external gamma dose rate and the
internal ingestion hazard profile. However, in the arid Levant, this boundary is highly fluid due to
the phenomenon of wind-driven resuspension. Unlike in wetter climates where vegetation and
rainfall bind isotopes into the soil, the dry, sandy, and rocky terrain of the Negev and the Arava
Valley allows deposited particulates to remain loose on the surface.



The physics of this secondary contamination are governed by the resuspension factor, K, which
is the ratio of the airborne concentration of an isotope to its surface contamination density,
typically expressed as K = C_air / C_surface. In a desert environment subjected to high
mechanical turbulence and frequent sandstormes, this factor is orders of magnitude higher than
in urban or agricultural settings. Strong winds continuously lift previously deposited Cesium-137
back into the lower boundary layer, creating secondary plumes that can migrate outside the
initially defined exclusion zones. Traditional decontamination methodologies, such as high-
pressure water washing or the deep plowing of topsoil, are entirely unfeasible in a vast, water-
scarce desert. Consequently, the affected sovereign states would be forced into a decades-long
posture of passive containment. This involves permanently relocating civilian populations from
the highest deposition zones, abandoning massive tracts of traditional Bedouin grazing lands,
and committing to an open-ended, multi-generational financial burden to import food and clean
water to replace the permanently condemned natural resources of the affected territories.

12. Conclusion and Future Modeling Recommendations
12.1. Summary of Climatological Vulnerabilities

The hypothetical severe accident scenario at the Negev Nuclear Research Center illustrates the
profound degree to which regional climatology dictates the severity and spatial distribution of a
radiological disaster. The Levant is not a monolithic meteorological environment; it is a highly
dynamic convergence zone where coastal, mountainous, and desert climates interact over a
heavily populated and politically fractured geography. As this study has detailed, the baseline
assumption of a prevailing northwesterly wind flow, while statistically dominant, presents a
transboundary crisis that would rapidly export heavy radiological contamination southeast
across the Arava Valley into Jordan and Saudi Arabia. In this Scenario Alpha, the vast expanse of
the desert acts as a primary deposition sink, yet the rapid transit times inherently defeat
traditional diplomatic notification windows, demanding preemptive, automated data sharing
across sovereign borders to protect downwind populations.

However, the true climatological vulnerability of the region is exposed during transitional
synoptic events and localized topographic interactions. The onset of a Sharav or Khamsin wind
reversal, defining Scenario Beta, completely upends standard risk assumptions, driving a highly
concentrated, dust-laden radioactive plume directly toward the demographic core of the
Mediterranean coastal plain. In these instances, transit times to major metropolitan areas like
Tel Aviv are reduced to a few hours, shifting the primary hazard from long-term ground
deposition to acute, mass-casualty inhalation. Furthermore, the immense topographical chasm
of the Dead Sea Rift and the orographic barrier of the Judean Mountains demonstrate that



atmospheric transport in this region is rarely linear. Channelling effects and orographic lifting
can bypass immediate downwind areas, instead concentrating fallout in high-elevation urban
centers like Jerusalem or establishing narrow, highly contaminated corridors along the rift valley
floor. Ultimately, the weather of the Levant does not merely transport a radiological hazard; it
actively shapes, concentrates, and amplifies it.

12.2. Limitations of Current Predictive Models

While standard Gaussian plume and puff models are indispensable tools for immediate
emergency response, their application in the complex terrain of the eastern Mediterranean
reveals significant mathematical and physical limitations. The foundational Gaussian equation,
C(x,y,z), relies on the assumption of a relatively homogeneous wind field where the mean wind
speed u and the stability classes remain constant over the modeling domain. In the Levant, this
steady-state assumption collapses rapidly. The sudden penetration of a Mediterranean sea
breeze front, the rapid onset of nighttime desert inversions, and the violent turbulent eddies
generated by the Judean foothills introduce extreme spatial and temporal variations that
standard dispersion coefficients, sigma_y and sigma_z, cannot accurately resolve.

Furthermore, the parameterization of deposition mechanisms in current models often fails to
account for the unique particulate environment of a desert. In assigning a dry deposition
velocity, models frequently rely on empirical data derived from temperate, vegetated
landscapes. Applying these same velocities to the rocky, arid surface of the Negev or the highly
turbulent urban canopy of a dense Levantine city results in significant margins of error regarding
where heavy isotopes like Cesium-137 will actually settle. Similarly, wet deposition modeling
relies on a generalized scavenging coefficient, Lambda. However, winter precipitation in the
region often manifests as highly localized, intense convective downpours rather than uniform
stratiform rain. A standard puff model might dilute the washout effect over a broad grid cell,
failing to predict the severe, highly concentrated micro-hotspots that would occur where a
narrow rain band intersects the core of the radioactive plume. Finally, current operational
models struggle to accurately simulate the resuspension factor K in a desert environment,
where persistent wind erosion continuously re-lofts deposited contamination, turning a
stationary ground hazard back into a dynamic inhalation threat.

12.3. Recommendations for Next-Generation Risk Assessment

To adequately protect the populations of Israel, the Palestinian territories, and neighboring
sovereign states, the next generation of nuclear risk assessment must transition away from
simplified Gaussian frameworks and embrace advanced, high-resolution computational
methodologies. Future predictive modeling should rely on non-hydrostatic meteorological
models coupled directly with 3D Lagrangian particle dispersion models. Unlike Gaussian models,



Lagrangian frameworks simulate the chaotic, individualized trajectories of millions of virtual
particles, allowing the model to accurately render the complex fluid dynamics of the Dead Sea
Rift, aerodynamic building downwash in coastal cities, and the specific orographic lifting
mechanisms over the Jerusalem corridor.

Additionally, future modeling efforts must prioritize the development of region-specific
parameterizations for aerosol physics. This requires extensive field studies to calculate accurate
aerodynamic roughness lengths for the Negev terrain and to determine how volatile fission
products coagulate with the specific silicate dust profiles of a Sharav event. Understanding how
this dust loading alters the gravitational settling velocity is critical for accurate ground
contamination forecasting. Finally, the technological advancement of dispersion modeling must
be matched by an advancement in regional data integration. The installation of a unified,
transnational network of automated meteorological and radiological sensors, transmitting real-
time source term and boundary layer data across borders without political filtering, is the most
vital recommendation. Only by fusing high-fidelity computational fluid dynamics with
instantaneous, cross-border telemetry can emergency managers hope to outpace the
devastating atmospheric reality of a severe radiological release in the Levant.
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