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Abstract 

The source term is important for computer simulations on 

the dispersion of radioactive materials in the environment. 

Several studies estimated the source term of cesium 

discharged to the atmosphere, the Total Effective Dose 

Equivalent (TEDE) resulting from release of Cs-137 at 

different stability class, in order to evaluate the 

radiological dose to the public resulting from the month-

long discharge of radioactive materials into the 

atmosphere from the Fukushima Daiichi Nuclear Power 

Plant accident using Hotspot code. The contour map from 

program shows how radiological dose changes with 

direction and distance from the release point. Near the 

plume centerline, where atmospheric dispersion is least, 

the TEDE values are highest .Due to atmospheric dilution, 

radioactive decay, plume spreading (σᵧ and σ𝓏 increase), 

and the spatial distribution of Cs-137 ground deposition 

after plume passage, the dose decreases radially. Near the 

source and along the plume axis, ground deposition is at 

its maximum. Due to plume dilution and gravity settling, 

deposition diminishes with distance, and the long-lived 

radioactive Cs-137 poses a long-term contamination 

concern. Because TEDE rises quickly close to the source 

due to high plume concentration, TEDE changes with 

downwind distance from the source. The intersection of 

the breathing height and the plume centerline at an 

intermediate distance is where the maximum dose occurs. 

After vertical dispersion becomes effective, TEDE drops 

because of increased dilution. Plume arrival time strongly 

depends on stability class, which is important for 

emergency response and protective action planning, and 

necessary to consider atmospheric stability class 

characteristics in developing emergency preparedness and 

response strategies. The results showed that the largest 

inter-model differences occur near the source (< 1 km), 

while results converge at larger distances. Tabulated 

results show that RASCAL generally predicts the highest 

TEDE (most conservative), EAEA the lowest, and 

IRSN/Terada intermediate values. Maximum TEDE 
typically occurs at 0.4–0.6 km from the source. 
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INTRODUCTION 

On March 11, 2011, a magnitude 9.0 earthquake off the coast of Japan and the ensuing tsunami 

caused the coolant systems of the Fukushima Daiichi Nuclear electricity Plants to lose 

electricity. When the earthquake struck, Units 1, 2, and 3 were in operation and automatically 

shut down. At the time of the earthquake, units 4, 5, and 6 were closed for maintenance and 

refueling [1-3]. Because the loss of coolant recirculation in units 1, 2, and 3 occur elevated 

temperatures and pressures in the containment vessels [4-8] . In order to lower the internal 

pressure, the containment containers of these units were released to the atmosphere after a few 

hours or days. Radioactive particles and gasses were released into the environment during the 

venting events. The values for Cs-137 that have been produced by multiple authors are 

displayed in Table (1). The public's radioactive exposure as a result of this leak must be 

evaluated immediately [1] [2] [3].The research simulated the radiation emission following the 

disaster using theoretical models. In this work, the radiation dose surrounding the nuclear site 

following the accident (within 100 km from the reactor) was simulated and assessed using a 

Gauss-plume model code (HOTSPOT). To ascertain the radiation dose and radioactive deposits 

in the soil surrounding the reactor, the HOTSPOT code was utilized with the source term 

computed by RASCAL 4.2, NSC, JNES, NISA, Terada as per IRSN, Terada (manual sum), 

Winiarek, Chino, NSC, and EAEA as input data.  

Table 1:   Cumulative Source Term (Bq) by Several Studies 

T1/2 

[d] 
Nuclide Reference Value 

1.10E+04 Cs-137 RASCAL 4.2 

Total  (ENEA) 
2.14E+16 

NSC 22/08/2011  (8) 1.10E+16 

JNES (8) 6.10E+15 

NISA 16/2/2012  (9) 8.20E+15 

Terada as per 

IRSN (10) 

1.3E+16 

Terada (manual 

sum) (11) 

8.83E+15 

Winiarek (12) 1.20E+16 

Chino (13) 1.30E+16 

NSC  (14) 1.20E+16 

Morino (15) 9.94E+15 

EAEA (16) 1.64E+15 

MATERIALS AND METHODS 

HotSpot is a free license code that offers a quick way to assess the radiation consequences of radioactive 

material releases into the atmosphere. It is based on a Gaussian model that calculates the short-term 

(less than a few hours) and short-range (less than 10 km) predictions for the radiological impact 

downwind after radioactive material is released [17]. The Gaussian model is used in HotSpot 

algorithms that deal with radioactive material dispersal because its suitability for initial 

dispersion estimations or worst-case safety calculations has been studied and confirmed for 

many years. The most recent and authorized radiological dosage conversion data and 

techniques are constantly incorporated into the codes. The well-known Gaussian Plume Model 

(GPM), which is frequently used for an initial emergency assessment or safety analysis 

planning of a radioactive release, is the foundation of this code. The Gaussian plume models' 

primary benefits are their quick computation times, thorough validation, and widespread global 

acceptance. The initial 3D distribution of material related to an explosive release, fire release, 

resuspension, or user-input geometry is modeled using virtual source terms. HotSpot employs 
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radiation dosimetry techniques suggested by the US Environmental Protection Agency [19] 

and the International Commission on Radiological Protection (ICRP) [18] for the assessment 

of radiological scenarios. The Pasquill classes can be chosen using HOT SPOT to replicate 

various weather conditions. The code employed the Gaussian numerical method of continuous 

release to ascertain the aerosol concentration in the atmosphere. All the information required 

to calculate dispersion is included in the Gaussian Eq. (1), which is explained as follows: flow 

rate, coefficient diffusion, effective release height, various atmospheric stabilities, wind speed 

and direction, and atmospheric conditions.                                                                         

 

                                   𝑋(𝑥, 𝑦, 𝑧, 𝐻) =
𝑄

2𝜋𝑢𝜎𝑦𝜎𝑧
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−𝑦2
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If the height of mixing layer (h) is considered, and the vertical standard deviation exceeds the 

inversion height, Eq. (1) becomes: 
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Where :- X(x, y, z, H) represents the time integrated atmospheric concentration (Bq s m−3)  

Q  :  a source term (Bq).  

H is the effective stack height (m),  

u is the average wind speed (m s−1),  

σy and σz are the horizontal and vertical standard deviations (m), respectively,  

λ is the constant of radioactive decay   (s−1),  

x is the distance downwind from the source (m),  

y and z are the crosswind and vertical axis distances (m), respectively,   

h describes the height (m) of the inversion layer. 

METHODOLOGY 

We chose to examine the dispersion of CS-137 in order to simulate the radionuclide dispersion 

during the event using scenario (General plume). Additionally, this work's primary goal was to 

assess its dispersion during the first hour of the accident based on the software's capabilities. 

the boundary conditions, the several states of the local atmosphere that meteorologists identify: 

A, B, C, D, E, and F the weather, wind speed, and time of day can all be used to calculate these 

states. The attack may have a variety of deadly consequences, depending on the stability class. 

Therefore, in order to maximize the deadly effects, the potential terrorist will undoubtedly take 

things into account, just as war planners do. The temperature differential between an air parcel 

and the surrounding air determines the stability of the atmosphere. As a result, the temperature 

differential between the air parcel and the surrounding air may determine varying degrees of 

stability [20]. Pasquill-Gifford stability is the name given to the stability classes utilized in this 

work [20]. Daytime hours with unstable conditions are referred to as stability classes A, B, and 

C. Neutral circumstances and cloudy days or nights are represented by stability D. Stabilities 

E and F are dependent on the degree of cloud cover and relate to stable circumstances during 

the night. As a result, the most unstable conditions are represented by classification A, and the 

http://www.iprjb.org/
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most stable conditions are represented by classification F. The simulation makes use of Select 

the "General Plume" model to replicate the best-case scenario for radioactive leakage from a 

chimney. Following that, the primary boundary conditions were added to the software's GUI 

(Graphical User Interface). In emergency situations, TED was evaluated using the HotSpot 

Health Physics Code [21-25]. Two deposition velocities 0.3 cm s−1 for respirable particles and 

non -respirable particles—were taken into consideration, and it was expected that the diffusion 

properties would stay constant throughout the release. The inversion layer height was set at 

300 meters. According to the site's meteorological observations, the predominant wind 

direction was west-northwest (WNW), with a wind speed of 3 m s−1.The default value of 

receptor height was set at 1.5 m, and the TED computation was assessed at a distance of 5 km 

from the source. The emission point is ten meters high in both cases, and the sample duration 

is set at sixty minutes. The FGR 11 DFC library is utilized, which enables the inclusion of the 

phenomena of particle resuspension and reflection on the ground [20,21]. As stated for a 

population with medium intensity activity, the mean respiratory flow has been set at 3.33 x 10-

4 m3/s. The levels of radioactivity on the ground have been added to the TEDE (Total Effective 

dose Equivalent) values, which are the sum of the equivalent dose for each organ in the body 

(both for internal and exterior deposition). 

RESULTS AND DISCUSSION 

The spatial distribution of Total Effective Dose Equivalent (TEDE) resulting from the 

atmospheric release of Cs-137 is shown in Figures 1a, 3a, 5a, 7a, 9a, 11a, 13a, 15a, and 17a. 

The total radiation dose that an individual receives from emitted Cs-137, including external 

exposure (cloud shine), is known as the Total Effective Dose Equivalent (TEDE). When the 

radioactive plume passed overhead, it released gamma radiation . Particles of Cs-137 that are 

ingested and deposited in the lungs due to internal exposure  from the outside (ground shine) 

Cs-137 gamma radiation that was left on the earth. Figure (1a): RASCAL analysis: demonstrate 

Narrow, elongated plume with high TEDE close to the source Figure (3a): The NSC 

investigation demonstrates a broader lateral plume spread, a lower peak TEDE, and a peak dose 

reduction due to increased air dispersion,  

Because of the changing weather and increased plume dilution caused by physical realism, the 

JNES study (Figure 5a) displays smooth TEDE gradients and dose distributes across a wider 

area. Due to simplified deposition physics, Figure (7a) of the NISA study shows a moderately 

high TEDE and a relatively narrow plume. Terada (IRSN) study, broad TEDE, several dose 

maxima (hotspots) because to particle dispersion, and explicit turbulent transport are shown in 

Figure (9a). Due to the aggregate of several release occurrences, the Terada (manual sum) study 

in Figure (11a) has a smoother spatial distribution and a higher cumulative TEDE. Figure (13a): 

The Winiarek study displays irregular TEDE patterns, a non-symmetric plume as a result of 

measurements-constrained inverse modeling, actual wind shifts, and turbulence. The Morino 

investigation (Figure 15a) demonstrates lower TEDE values, wide spatial dilution as a result 

of robust vertical mixing, effective aerosol removal, and dose reduction dominated by 

atmospheric cleansing. Due to long-range dispersion physics and regional-scale transport 

models, Figure (17a) of the EAEA study displays a very wide TEDE distribution, low peak 

dosage, and a huge affected area. general Wide plumes lead to an unstable atmosphere, narrow 

plumes lead to a stable atmosphere, and high TEDE hotspots lead to slow wind and poor 

mixing. 

Figures (1b, 3b, 5b, 7b, 9b, 11b, 13b, 15b, and 17b) that highlight Cs-137 ground deposition 

contour plots The amount of radioactive Cs-137 extracted from the atmosphere and collected 
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on the surface is known as ground deposition (Bq/m2). Deposition happens through two 

primary mechanisms: Particle size, surface roughness, and wind speed all affect dry deposition 

caused by turbulent impaction on surfaces and gravity settling of particles. Rainfall intensity, 

cloud-plume interaction, precipitation timing in relation to plume passage, and washout and 

rain scavenging are all highly influenced by wet deposition (dominant for Cs-137). Figure (1b): 

Due to simplified Gaussian deposition, limited wet deposition treatment, and the assumption 

of constant deposition velocity, the RASCAL analysis reveals a narrow deposition plume, high 

deposition at the source, and quick reduction away. 

Figure (3b) illustrates the NSC study's slightly broader plume, lower peak deposition as a result 

of better turbulence depiction, some atmospheric mixing prior to deposition, and more realistic 

Cs-137 elimination throughout transport . The JNES research in Figure (5b) displays smooth 

deposition contours, moderate hotspot intensity as a result of time-dependent meteorology, and 

partial wet deposition treatment. Over time, Cs-137 was gradually eliminated .Figure (7b): 

NISA analysis revealed a small geographical footprint and increased deposition around the 

plume centerline. 

because the deposition coefficients are conservative  . Strong localized hotspots, an uneven 

deposition pattern caused by explicit rainfall scavenging, and realistic turbulence are shown in 

Figure (9b) of the Terada (IRSN) investigation. Terada (manual sum) study (Figure 11b): 

observed overlapping plume trajectories, a wider deposition footprint, and a slightly lower peak 

intensity as a result of accumulation from several release episodes.The Winiarek study's highly 

irregular outlines and strong agreement with known hotspots are shown in Figure (13b), which 

includes real precipitation timing and inverse modeling constrained by measurements. Figure 

(15b): The Morino study demonstrates that broad but low-intensity deposition, good vertical 

mixing, and effective plume dilution prior to scavenging resulted in a decreased hotspot 

contrast. The EAEA research in Figure (17b) demonstrates a relatively wide deposition area, 

low peak values because of the regional-scale transport model, and long-range dispersion 

dominance. 
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(a )                                                                              (b) 

Figure 1): Cs-137 in case RASCAL study (a)  TEDE plot   , (b)  Ground deposition contour plot of 
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(a  )                                                                              (b) 

Figure 2: Cs-137 in case RASCAL study    (a) TEDE Graph   , (b) Ground deposition Graph 
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Figure 3: Cs-137 in case NSC study ( a)  TEDE plot   , (b)  Ground deposition contour plot of 

 

(a  )                                                                              (b) 

Figure 4: Cs-137 in case NSC study    ( a)  TEDE Graph   , (b)  Ground deposition Graph 
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Figure 5: Cs-137 in case JNES study (a) TEDE plot   , (b) Ground deposition contour plot of 

 

http://www.iprjb.org/


International Journal of Environmental Sciences 

ISSN 2519-5549 (online)  

Vol.9, Issue 1, No.1. pp 1 - 28, 2026  

                                                                                                                                www.iprjb.org  

10  

 

 

(a  )                                                                              (b) 

Figure 6: Cs-137 in case JNES study    (a) TEDE Graph   , (b) Ground deposition Graph 

 
Figure 7:- Cs-137 in case NISA study (a) TEDE plot   , (b) Ground deposition contour plot of 
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(a  )                                                                              (b) 

Figure 8: Cs-137 in case NISA study    (a) TEDE Graph   , (b) Ground deposition Graph 

 
Figure(9):- Cs-137  in case Terada as per IRSN study  ( a)  TEDE plot   , (b)  Ground deposition contour 

plot 
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(a  )                                                                              (b) 

Figure 10: Cs-137 in case Terada as per IRSN study    ( a)  TEDE Graph   , (b)  Ground deposition Graph 

 

 
Figure 11: Cs-137 in case Terada (manual sum) study ( a)  TEDE plot   , (b)  Ground deposition contour 
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plot 

 

 

(a  )                                                                              (b) 

Figure 12: Cs-137 in case Terada (manual sum) study    (a) TEDE Graph   , (b) Ground deposition Graph 
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Figure 13: Cs-137 in case winiarek study (a) TEDE plot   , (b) Ground deposition contour plot 

 

 

(a  )                                                                              (b) 

Figure 14: Cs-137 in case winiarek study    (a) TEDE Graph   , (b) Ground deposition Graph 
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Figure 15:- Cs-137 in case morino study (a) TEDE plot   , (b) Ground deposition contour plot 
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(a  )                                                                              (b) 

Figure 16: Cs-137 in case morino study    (a) TEDE Graph   , (b) Ground deposition Graph 

 
Figure 17: Cs-137 in case EAEAstudy (a) TEDE plot   , (b) Ground deposition contour plot 
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(a  )                                                                              (b) 

Figure 18: Cs-137 in case EAEA study    (a) TEDE Graph   , (b) Ground deposition Graph 

Figure (19) extremely erratic atmosphere (A), demonstrate Strong solar heating is followed by 

significant turbulence, quick vertical and horizontal plume spreading, and strong concentration 

dilution. The differences across models are greatest at short distances (<1 km) because of high 

TEDE close to the source . Simplified models (RASCAL, NSC) produce sharper peaks, while 

advanced models (IRSN, Morino) spread the plume more → lower peak TEDE. It was shown 

that TEDE peaks are relatively close to the source (≈0.3–0.6 km) and that there is significant 

inter-model heterogeneity around the source. Figures 20 and 21 show stability classes B and C 

that are rather unstable.Dose peaks become more noticeable at mid-distances (0.5–5 km) with 

higher TEDE values than Class A. less turbulence than in Class A The plume remains nearer 

the ground and is narrower. Otherwise, there is significant instability, a maximum TEDE of 

0.4–0.7 km, and a slower decay than in A and B. 

Figure 22: A neutral environment Consistency Class D: Demonstrate that balanced turbulence 

and advection, a plume that spreads steadily but slowly because TEDE declines more smoothly 

with distance, and models that converge more closely than in unstable situations. Stable 

atmospheric stability classes E and F are shown in Figures 23 and 24.-Prove that strong vertical 

confinement, weak turbulence, and The plume stays concentrated close to the ground, and the 

physical contours are visible. Higher far-field TEDE in comparison to unstable situations, 

lower near-source TEDE Longer plume travel with less dilution, TEDE over large distances 

(20–80 km), and a rapid increase in arrival time . Figure 25 for the RASCAL investigation 

:TEDE(A) > TEDE(B) > TEDE(C) > TEDE(D) > TEDE(E) > TEDE(F) (near source) Because 

unstable air keeps the plume close to receptors early, Stable air moves the dose downwind and 

delays the plume. 

For IRSN and EAEA comparisons, Figures 29–30 display wind that varies over time, vertical 

diffusion, and deposition physics .They exhibit realistic arrival times, strong sensitivity to 

stability class, and smooth dosage decay. 
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Figure 19: TEDE at stability class(A) for different studies 

 

Figure 20: TEDE at stability class(B) for different studies 
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Figure 21: TEDE at stability class(C) for different studies 

 

Figure 22: TEDE at stability class(D) for different studies 
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Figure 23: TEDE at stability class(E) for different studies 

 

Figure 24: TEDE at stability class(F) for different studies 
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Figure 25: Comparison between TEDE of RASCAL at different stability class 

 

Figure 26: Comparison between TEDE of NSC at different stability class 

 

 

 

0.00E+00

2.00E-01

4.00E-01

6.00E-01

8.00E-01

1.00E+00

1.20E+00

1.40E+00

1.60E+00

1.80E+00

2.00E+00

0.03 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 2 4 6 8 10 20 40 60 80

TE
D

E 

Distances (km)

TEDE FOR RASCAL Study at different stability class

T E D E(Sv) for  RASCAL at A T E D E(Sv) for  RASCAL at B T E D E(Sv) for  RASCAL at C

T E D E(Sv) for  RASCAL at D T E D E(Sv) for  RASCAL at E T E D E(Sv) for  RASCAL at F

0.00E+00

1.00E-01

2.00E-01

3.00E-01

4.00E-01

5.00E-01

6.00E-01

7.00E-01

8.00E-01

9.00E-01

1.00E+00

0.03 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 2 4 6 8 10 20 40 60 80

TE
D

E 

Distances (km)

TEDE FOR NSC Study at different stability class

T E D E(Sv)  FOR   NSC at A T E D E(Sv)  FOR   NSC at B T E D E(Sv)  FOR   NSC at C

T E D E(Sv)  FOR   NSC at D T E D E(Sv)  FOR   NSC at E T E D E(Sv)  FOR   NSC at F

http://www.iprjb.org/


International Journal of Environmental Sciences 

ISSN 2519-5549 (online)  

Vol.9, Issue 1, No.1. pp 1 - 28, 2026  

                                                                                                                                www.iprjb.org  

22  

 

Figure 27: Comparison between TEDE of JNES at different stability class 

 

Figure 28: Comparison between TEDE of NISA at different stability class 
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Figure 29: Comparison between TEDE of IRSN at different stability class 

 

Figure 30: Comparison between TEDE of EAEA at different stability class 
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Table (2(a,b) ): TEDE comparison at stability class C, demonstrate Because of model type, 

RASCAL has the highest TEDE, EAEA has the lowest, and Terada and IRSN are in the middle. 

The maximum TEDE happens at 0.4–0.6 km, while RASCAL is conservative, IRSN is 

advanced turbulence, deposition, and EAEA is conservative distance smoothing. 

Table (2 (a) ): TEDE for different studies at stability class C 

DISTANCE 

(Km) 

T E D E(Sv) at  

RASCAL 4.2 

T E D E(Sv) at  

NSC 

T E D 

E(Sv) at 

JNES 

T E D E(Sv) 

at NISA 

T E D E(Sv) at  

Terada as 

perIRSN 

T E D E(Sv) at 

Terada 

(manualsum) 

0.1 3.70E-11 1.90E-11 1.00E-11 1.40E-11 2.20E-11 1.50E-11 

0.2 9.50E-03 4.90E-03 2.70E-03 3.70E-03 5.80E-03 3.90E-03 

0.3 2.30E-01 1.20E-01 6.40E-02 8.60E-02 1.40E-01 9.30E-02 

0.4 5.20E-01 2.70E-01 1.50E-01 2.00E-01 3.20E-01 2.20E-01 

0.5 6.60E-01 3.40E-01 1.90E-01 2.50E-01 4.00E-01 2.70E-01 

0.6 6.60E-01 3.40E-01 1.90E-01 2.50E-01 4.00E-01 2.70E-01 

0.7 6.20E-01 3.20E-01 1.80E-01 2.40E-01 3.70E-01 2.50E-01 

0.8 5.50E-01 2.80E-01 1.60E-01 2.10E-01 3.40E-01 2.30E-01 

0.9 4.90E-01 2.50E-01 1.40E-01 1.90E-01 3.00E-01 2.00E-01 

1 4.30E-01 2.20E-01 1.20E-01 1.70E-01 2.60E-01 1.80E-01 

2 1.50E-01 7.90E-02 4.40E-02 5.90E-02 9.30E-02 6.30E-02 

4 5.00E-02 2.60E-02 1.40E-02 1.90E-02 3.10E-02 2.10E-02 

6 3.70E-02 1.90E-02 1.00E-02 1.40E-02 2.20E-02 1.50E-02 

8 2.90E-02 1.50E-02 8.20E-03 1.10E-02 1.80E-02 1.20E-02 

10 2.40E-02 1.30E-02 6.90E-03 9.30E-03 1.50E-02 1.00E-02 

20 1.50E-02 7.60E-03 4.20E-03 5.60E-03 8.90E-03 6.10E-03 

40 9.40E-03 4.80E-03 2.70E-03 3.60E-03 5.70E-03 3.90E-03 

60 7.30E-03 3.80E-03 2.10E-03 2.80E-03 4.40E-03 3.00E-03 

80 6.20E-03 3.20E-03 1.80E-03 2.40E-03 3.70E-03 2.50E-03 
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Table (2 (b) ) :- TEDE for different studies at stability class C 

DISTANCE (km) T E D E(Sv) at Winiarek T E D E(Sv) 

at  Chino 

T E D E(Sv) at 

NSC 

T E D E(Sv) at Morino T E D 

E(Sv)atEAEA 

0.1 2.10E-11 2.20E-11 2.10E-11 1.70E-11 2.80E-12 

0.2 5.30E-03 5.80E-03 5.30E-03 4.40E-03 7.30E-04 

0.3 1.30E-01 1.40E-01 1.30E-01 1.00E-01 1.70E-02 

0.4 2.90E-01 3.20E-01 2.90E-01 2.40E-01 4.00E-02 

0.5 3.70E-01 4.00E-01 3.70E-01 3.10E-01 5.00E-02 

0.6 3.70E-01 4.00E-01 3.70E-01 3.10E-01 5.10E-02 

0.7 3.50E-01 3.70E-01 3.50E-01 2.90E-01 4.70E-02 

0.8 3.10E-01 3.40E-01 3.10E-01 2.60E-01 4.20E-02 

0.9 2.70E-01 3.00E-01 2.70E-01 2.30E-01 3.70E-02 

1 2.40E-01 2.60E-01 2.40E-01 2.00E-01 3.30E-02 

2 8.60E-02 9.30E-02 8.60E-02 7.10E-02 1.20E-02 

4 2.80E-02 3.10E-02 2.80E-02 2.30E-02 3.90E-03 

6 2.00E-02 2.20E-02 2.00E-02 1.70E-02 2.80E-03 

8 1.60E-02 1.80E-02 1.60E-02 1.30E-02 2.20E-03 

10 1.40E-02 1.50E-02 1.40E-02 1.10E-02 1.90E-03 

20 8.30E-03 8.90E-03 8.30E-03 6.80E-03 1.10E-03 

40 5.20E-03 5.70E-03 5.20E-03 4.30E-03 7.20E-04 

60 4.10E-03 4.40E-03 4.10E-03 3.40E-03 5.60E-04 

80 3.50E-03 3.70E-03 3.50E-03 2.90E-03 4.70E-04 

Table (3): demonstrate that stable class F has the longest arrival time, unstable class C has the 

fastest plume arrival, and TEDE rises with earlier and denser plume arrivals because emergency 

reaction time is highly dependent on stability. Faster Arrival in Unstable Conditions: Because 

of improved vertical mixing and more efficient transmission, the Class C plume arrives earlier 

than the F. 
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Table (3) : Comparison between TEDE a function of downwind distance and  Arrival 

time of the plume for  IRSN study at different stability class   

DISTANC

E (km) 

T E D EA(sv) 

at stability 

class C 

T E D 

EA(sv) at 

stability 

class D 

T E D 

EA(sv) at 

stability 

class F 

ARRIVA

L TIME 

(hour:min) 

at stability 

class C 

ARRIVA

L TIME 

(hour:min) 

at stability 

class D 

ARRIVAL 

TIME 

(hour:min) 

at stability 

class F 

0.1 2.20E-11 0.00E+00 0.00E+00 <00:01 <00:01 <00:01 

0.2 5.80E-03 1.70E-06 0.00E+00 <00:01 <00:01 <00:01 

0.3 1.40E-01 2.50E-03 0.00E+00 0:01 00:01 <00:01 

0.4 3.20E-01 3.00E-02 0.00E+00 0:01 00:01 <00:01 

0.5 4.00E-01 8.90E-02 1.80E-15 0:02 00:02 00:01 

0.6 4.00E-01 1.50E-01 1.90E-11 0:02 00:02 00:01 

0.7 3.70E-01 2.00E-01 5.60E-09 0:03 00:02 00:01 

0.8 3.40E-01 2.30E-01 2.40E-07 0:03 00:03 00:01 

0.9 3.00E-01 2.50E-01 3.20E-06 0:04 00:03 00:01 

1 2.60E-01 2.60E-01 2.10E-05 0:04 00:04 00:02 

2 9.30E-02 1.80E-01 9.80E-03 0:09 00:08 00:04 

4 3.10E-02 8.30E-02 3.80E-02 0:18 00:16 00:08 

6 2.20E-02 5.00E-02 4.20E-02 0:27 00:25 00:12 

8 1.80E-02 3.50E-02 3.90E-02 0:37 00:33 00:16 

10 1.50E-02 2.70E-02 3.60E-02 0:46 00:42 00:20 

20 8.90E-03 1.10E-02 2.40E-02 1:32 01:24 00:41 

40 5.70E-03 6.60E-03 1.50E-02 3:05 02:49 01:22 

60 4.40E-03 5.00E-03 1.10E-02 4:38 04:14 02:04 

80 3.70E-03 4.20E-03 9.20E-03 6:11 05:39 02:45 

Conclusion 

This work presents a comprehensive comparison of several studies such as (RASCAL, NSC, 

JNES, NISA, IRSN–Terada, Winiarek , Morino, and EAEA) , that have calculated source term 

of Fukushima accident ,which used as input data in HOTSOT code  for estimating the total 

equivalent radiation dose (TEDE) from Cs-137 deposition resulting from an atmospheric 

nuclear emission. Because of conservative assumptions and a simplified Gaussian diffusion, 

models like RASCAL and NSC show strong dosage peaks near the source with narrow 

columns. Because they more accurately depict atmospheric turbulence, vertical mixing, and 

moist deposition, models like IRSN, Terada, Morino, and EAEA exhibit a wider diffusion and 

lower peak doses. Rainfall has a significant impact on ground-level deposition (wet 

deposition), resulting in erratic "hot spots," whereas substantial vertical mixing reduces 

unpredictability. Stable weather (E–F) has narrow columns, lower doses near the source but 

higher at long distances with a longer arrival time, where the cloud's arrival time increases with 

increasing atmospheric stability. Unstable weather (A–C) has wide spread, rapid dilution of 

focus, TEDE peaks close to the source, and neutral weather (D) has average behavior and 

greater convergence between models. 
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