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Abstract 
There are several types of events that could result in dispersion of radioactive substances in the environment. These include both 
normal and accident events. The extent of the contamination impact on the environment and people depend on the specific event 
and the radionuclide involved. Models and computational codes have been developed to calculate stability class and wind rose .The 
output used as input data for the HotSpot code. Hypothetical scenarios have been formulated for establishing priority of protective 
actions for population and the study is to illustrate the resultant effects of accident release of I-131 and Cs-137 from stack of nuclear 
power plant using  HotSpot code. The Total Effective Dose Equivalent (TEDE), which includes external and internal contributions 
for the completely absorbed dose, has been calculated for different scenarios and the analysis of the results showed that the TEDE 
for I-131 and Cs-137 for atmospheric stability Pasquill categories (D class) equals 1.0 x10-4 mSv and 3.0 x 10-4 mSv respectively at 400 
m from release point. The results indicate that atmospheric dispersion of a relatively small amount of I-131 and Cs-137 have the 
potential to contaminate a relatively large area with the extent of contamination (area and activity) firstly dependent on I-131 and Cs-
137 particle size, the height of release, and local weather conditions.    
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Introduction 
Radioactive materials are produced in nuclear reactor operations, and may be released into the atmosphere if an accident occurs. 
The released radioactive materials could result in dangerous levels of radiation that may harm people and damage the 
environment. Therefore, nuclear emergency response plan must be established to protect public and environment in case of 
nuclear power plant accident. The importance of the plan is examined in Title 10 of the Code of Federal Regulations Part 50.47 

(CFR, 2004), and the plant owner must prove that he has ‘‘reasonable assurance that adequate protective measures can and will 
be taken in the event of a radiological emergency’’ for issuance of an operating license. 
 
This study focus on developing the radioactive effluent dispersion modeling into the nuclear power plant transient and accident 
analysis software, HotSpot, for the nuclear emergency response. HotSpot is a product of Lawrence Livermore National 

Laboratory’s National Atmospheric Release Advisory Center (NARAC), (Steven, G.M, 2010).   
 
Materials and Methods 
Study Area 
The study area is located on the north coast on the Mediterranean Sea. The regional location of the study area is shown in Figure 
1. The site area lies in the western desert, directly overlooks the sea. Which are located between 310 30' - 310 28' north and 
between 260 45' - 260 35' east.  Geographically, the study area in north of Al-Mathany village, Mersa Matruh governorate, which 
is located at about 50 km west of Mersa Matruh, 290 km west of Alexandria, and 25 km east of Al Nigilla village. Cairo is 
approximately 400 km southeast. The site extends over the Northern Coast by approximately 6 km, while the width 15 km to the 
south. The only large locality is Mersa Matruh governorate. 

 
Fig  1. The map of the selected area (Northwestern coast of Egypt (Lasheen, M.A) 
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Figure 2, which represents the analysis of the whole year 2013 by WRPLOT code (Jessel, L., 2011), which shows that the North 
North West direction sector (NNW) is the prevailing wind direction, and North West direction sector (NW) is the second 
predominate sector. Therefore, the two sectors South South east (SSE) and Southeast (SE) are the two prevailing downwind 
sectors. In general, the speed of the wind between moderate and slow along these directions. 

 
Fig  2. Annually wind rose of one complete year (2013) 
 
HotSpot Code 
The HotSpot Health Physics code and HotSpot code (Homann S.G. , 2013) are aimed at providing emergency response personnel 
and emergency planners with a fast, field portable set of software tools for evaluating incidents involving radioactive material. 
The software is also used for safety analysis of facilities handling radioactive materials. HotSpot atmospheric dispersion model 
codes are first-order approximation of the radiation effects associated with the short-term (less than a few hours) atmospheric 
release of radioactive materials. In fact, they are designed for near-surface releases, short-range (less than 10 km) dispersion, and 
short-term (less than 24 hours) release duration in unobstructed terrain and simple meteorological conditions. 
 
HotSpot codes involving the dispersal of radioactive material use the Gaussian model, since the adequacy of this model for 
making initial dispersion estimates or worst-case safety analyses has been tested and verified for many years. The HotSpot codes 
are continuously updated to incorporate the most current and approved radiological dose conversion data and methodologies. 
These codes are based on the well-established Gaussian Plume Model (GPM), widely used for an initial emergency assessment or 
safety analysis planning of a radionuclide release. Main advantages of the Gaussian plume models are short computation time, 
extensive validation and broad acceptance worldwide. Virtual source terms are used to model the initial 3D distribution of 
material associated with an explosive release, fire release, resuspension, or user-input geometry. For evaluation of radiological 
scenarios, HotSpot use the methods of radiation dosimetry recommended by the International Commission on Radiological 
Protection (ICRP) (ICRP, 2005) and the US Environmental Protection Agency’s (EPA) Federal Guidance Reports No. 11, 12 and 
13 (EPA, 1988, 1993, 1999). In order to simulate different meteorological conditions HotSpot allows the selection of the Pasquill 
classes. 

 
Meteorological Conditions and Atmospheric Stability Classes Used in HotSpot 
Meteorologists distinguish several states of the local atmosphere: A, B, C, D, E, and F which can be tabulated as functions of 
weather conditions, wind speed and time of day. According to the stability class, the attack can result in a wide spectrum of lethal 
effects. Therefore, the potential terrorist will certainly consider those, just as it happens by war-planners, so that the lethal effects 
are maximized. The stability of the atmosphere depends on the temperature difference between an air parcel and the air 
surrounding it. Therefore, different levels of stability may depend on the temperature difference between the air Parcel and the 
surrounding air (Rentai, Y., 2011, Gaudio, P.,2013, Gelfusa, M.,2013, Gaudio, P.,2011, Bellecci, C., 2009, Bellecci, C.,2010) 
 
The stability classes used for this work are referred to Pasquill – Gifford stability (Rentai, Y, 2011). Stability classes A, B, and C 
refers to daytime hours with unstable conditions. Stability D is representative of overcast days or nights with neutral conditions. 
Stabilities E and F refer to nighttime, stable conditions and are based on the amount of cloud cover. Thus, classification A 
represents conditions of the greatest instability, and classification F reflects conditions of the greatest stability. 

 
Fig  3. Total pattern of atmospheric stability classes during 2013 
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Fig 4. Monthly variations of atmospheric stability condition during 2013 
 
It is clear from Figs. 3 & Fig. 4 that stability class's distribution with maximum percentage for the neutral class D.  
 
Source Term and Accident Scenario  
To expedite the initial assessment of accidents involving nuclear weapons, HotSpot includes atmospheric dispersion models for a 
plutonium explosion (non-nuclear), fire, and resuspension; a uranium explosion (non-nuclear), and fire; and a tritium release. 
Additional General programs address the release of any radionuclide or mixture in the HotSpot library (ICRP 30, ICRP 60, and 
Acute). These models estimate the short-range (less than 10 km), downwind radiological impact following the release of 
radioactive material resulting from a short-term release (less than a few hours), explosive release, fuel fire, or an area 
contamination event.  
 
Example scenarios for each of the dispersion types are available under the program’s File menu. In addition to providing example 
models, HotSpot allows the user to save a scenario; and create, edit, or add to a radionuclide mixture. Up to 50 radionuclides can 
be included to create a mixture (Steven, G.M, 2010). This study was held on an assumption that the radionuclide source term Cs-
137 and I-131 involved in the accident scenario is 2.23E+16 Bq and 6.67E+15 Bq, respectively (Mahmoud, R.M., 2012). Choose 
the model “General Plume” to simulate the accident that is ideal for the radioactive release from a chimney. After that the 
principal boundary conditions has been uploaded in the GUI (Graphical User Interface) of the software (see figs. (5 , 6). 
 

                            
Fig  5. Cs-137 source term condition uploaded in HotSpot GUI                      Fig  6.  1-131 source term condition uploaded in HotSpot GUI 
 

 
 



SJIF IMPACT FACTOR: 4.183                                                                                                                CRDEEPJournals 
1948-ISSN: 2277                     4Vol. 4 No.                   et. al., E. M Ahmed                  International Journal of Environmental Sciences 

Online version available at: www.crdeep.com                                             184 

 

The accident scenarios simulated have been two. In Table 2.1 are reported the two different meteorological conditions: 
 
Table1.  Meteorological conditions 

Source Term Scenario Wind speed 
(m/s) 

(at 10 m) 

Stability 
Class 

Wind 
Direction 

Cs-137 1 6 D 310 from (NW) 
I-131 2 6 D 310 from (NW) 

 
For the scenario of Cs-137 and I-131, the wind reference height is 10 meters and the sampling times have been fixed at 10 
minutes. The DFC library used is the FGR 11 that allows including the phenomena of reflection on ground and resuspension of 
particulate. The value of the mean respiratory flux has been fixed at 3.33 x 10-4 m3/s (as described for a population with a medium 
intensity activity). The values of TEDE (Total Effective Dose Equivalent) as sum of equivalent dose for each organs in the body 
(both for external and internal deposition) have been added together with the values of radioactivity on the ground as shown in 
figs. (7, 8). 

       
Fig 7. Cs-137 Setup condition uploaded in HotSpot GUI            Fig. 8. I-131 Setup condition uploaded in HotSpot GUI 

 
The boundary conditions foresee also three different bands: internal, medium and external, that is graphically represented as three 
different zones of the plume in the contaminated zone. The TEDE and the ground deposition represent the values of highest 
interest for an analysis on radioactive particulate contamination. The last boundary condition selected has been the modality 
“compass” on data output that allows a representation of all the area potentially involved during the contamination in accordance 
with wind variation. 
 

Results and Discussion 
Results of Accident Scenario Cs-137 
Scenario 1 
The first result analyzed was the general plume graph (represented in a polar coordinate system with the origin in the release 
point). It was a picture of the plume at the end of the observation period (10 minutes) as shown in figure 9.  

 
Fig  9. Plume at 10 minutes. 
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Figure 10 represents the variation of equivalent dose (in Sievert) with the distance from the release point. The “receptor height” 
has been fixed at 1.5 meter (the breathable zone of a medium height zone) and so it was evident that the maximum of dose value 
was calculated at 400 meters from the release point. 

 
Fig  10. TEDE (in Sv) variation from the release point (height of 1.5 meters) 
 
The variation with the distance of the ground deposition values was shown in figure 11. 

 
Fig 11. Plume centerline ground deposition (kBq/m2) as a function of distance 
Results of the simulations showed that the maximum value of contamination was detected at a distance of 400 meters from the 
release point were 3.0 x 10-4 mSv. The maximum value of ground contamination was lower than 3E+05 KBq/m2. 
 
Results of Accident Scenario I-131 
Scenario 2 
The first analyzed result is the general plume graph (represented in a polar coordinate system with the origin in the release point). 
It is a picture of the plume at the end of the observation period (10 minutes) as shown in figure 12.  

 
Fig  12. Plume at 10 minutes (Scenario 2) 
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Figure 13 represents the variation of equivalent dose (in Sievert) with the distance from the release point. The “receptor height” 
has been fixed at 1.5 meter (the breathable zone of a medium height zone) and so it is evident that the maximum of dose value is 
calculated at 400 meters from the release point. 

 
Fig  13. TEDE (in Sv) variation from the release point (height of 1.5 meters). 

 
The variation with the distance of the ground deposition values was shown in figure 14. 

 
Fig 14.  Plume centerline ground deposition (kBq/m2) as a function of distance. 
 
Results of the simulations showed that the maximum value of contamination was detected at a distance of 400 meters from the 
release point are 1 x 10-4 mSv. The maximum value of ground contamination is lower than 1 E+05 kBq/m2. 

 

Conclusion 
This study introduced different scenarios of radiological release in atmosphere function of a Pasquill class and wind speed. The 
plume extension in conjunction with the ground surface deposition of each scenario was evaluated. The data used to create the 
parameters include type of radioactive material and meteorological conditions. The radioactive material for evaluation was 
selected based on information such as frequently used material in usual and activity values characterizing medical and industrial 
applications.  
 
The results indicate a relatively small amount of Cs-137 and I-131 have the potential to contaminant a relatively large area with 
the extent of contamination dependent on particle size, the height of release, and local weather conditions. The different scenarios 
show that the plume area of scenario 1 is wider than the one in scenario 2 and the plume is extended in a larger surface. 
 
In an operational situation, it is important to obtain useful results as quickly as possible. HotSpot is particularly good in this sense, 
as it takes only moments to input the scenario parameters, and results are calculated virtually instantaneously. This application of 
computer modeling has implications for identifying the potential consequences of an intentional or non-intentional radiological 
release. 
 
The consequence data obtained from this study can be used for the establishment of response measures against radiological terror. 
The Hot Spot code could certainly be used also in the processes of:  



SJIF IMPACT FACTOR: 4.183                                                                                                                CRDEEPJournals 
1948-ISSN: 2277                     4Vol. 4 No.                   et. al., E. M Ahmed                  International Journal of Environmental Sciences 

Online version available at: www.crdeep.com                                             187 

 

 Prevention; 
 Risk planning; 
 Support the decision-making process during the accidental events. 

 
References 
Bellecci, C., Gaudio, P., Gelfusa, M., Lo Feudo, T., Malizia, A., et at. Raman water vapour concentration measurements for 
reduction of false alarms in forest fire detection. In Lidar technologies, techniques, and measurements for atmospheric remote 
sensing VI SPIE Conference. Vol. 7479, 2009. 
Bellecci, C., Gaudio, P., Gelfusa, M., Malizia A., M. Richetta, C., et al. Planetary boundary layer (PBL) monitoring by means of 
two laser radar systems: experimental results and comparison. In Lidar technologies, techniques, and measurements for 
atmospheric remote sensing VI SPIE Conference. Vol. 7832, 2010. 
CFR, 2004. Title 10 of the Code of Federal Regulations, Part 50.47. <http://www.nrc.gov/reading-rm/doc-collections/cfr/>. 
Environmental Protection Agency (EPA). Limiting Values Radionuclide Intake and Air Concentration, and Dose Conversion 
Factors for Inhalation, Submersion, and Ingestion. EPA, Federal Guidance Report 11, Washington DC, 1988. 
Environmental Protection Agency (EPA). External Exposure to Radionuclides in Air, Water, and Soil. EPA, Federal Guidance 
Report 12, Washington DC, 1993.  
Environmental Protection Agency (EPA). Cancer Risk Coefficients for Environmental Exposure to Radionuclides. EPA, Federal 
Guidance Report 13, Washington DC, 1999. 
Gaudio, P., Gelfusa, M., Malizia, A., Richetta, M., Serafini, C., et al. New frontiers of Forest Fire Protection: a portable Laser 
System (FfED). WSEAS Transactions on Environment & Development, Vol. 9, 2013, p. 195-205. 
Gelfusa, M., Malizia, Gaudio, P., A., Richetta, M., Antonucci, A., et al. Design and development of a compact Lidar/Dial system 
for aerial surveillance of urban areas. In SPIE Remote Sensing. International Society for Optics and Photonics, Vol. 8894, 2013, p. 
88940D  
Gaudio, P., Gelfusa, M., Lupelli, I., Malizia, A., Moretti, A., et al. First open field measurements with a portable CO2 lidar/dial 
system for early forest fires detection. In SPIE Remote Sensing. International Society for Optics and Photonics, Vol. 8182, 2011, 
p. 818213-1-818213-7. 
Homann S.G. and Aluzzi F. HotSpot Health Physics Codes Version 3.0 User’s Guide. National Atmospheric Release Advisory 
Center Lawrence Livermore. National Laboratory Livermore, CA 94550, 2013. 
International Commission on Radiological Protection (ICRP). Basis for Dosimetric Quantities Used in Radiological Protection. 
ICRP, Ottawa, Canada, 2005. 
Jessel, L., Cristiane, L., Michael, A. Johnson, Oleg Shatalov, WRPLOT View, Wind Rose Plots for Meteorological Data, Version 
7.0.0, (c) 1998-2011 Lake Environmental Software, http://www.weblakes.com/     
Lasheen, M.A., Modernization of background of natural radioactivity in north western coast, Egypt. M. Sc. Thesis, Physics 
department, Faculty of Science, Zagazig University, 2013. 
Mahmoud, R.M., 2012. Radiological assessment of human exposure due to normal and accidental releases of nuclear power plant 
effluents. Ph.D. Thesis, Department of Physics, Faculty of Science, Helwan University 
Rentai, Y. Atmospheric dispersion of radioactive material in radiological risk assessment and emergency response. Progress in 
Nuclear Science and Technology, Vol. 1, 2011, pp. 7-13. 
Steven, G.M.,. HotSpot, Health Physics Codes, Version 2.07.1, User’s Guide.  National Atmospheric Release Advisory Center, 
Lawrence Livermore National Laboratory, Livermore, CA 94550, 2010. 

 
 


	Full Length Research Paper



