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Abstract 

HE crosswind and normal of dispersion modeling are obtained to obtain the 

concentration using Gaussian plume model. There are different shapes of the standard 

deviations such as power law and Briggs formula for estimating concentration of the 

pollutants. In this work power law and Briggs formula are used to obtain the Gaussian 

concentration of plume model, maximum concentration at the surface and the fumigation 

formula. Three predicted models are comparing to the measured concentration of Iodine-

135 in unstable condition. One obtains that the Gaussian concentration in centerline with 

BNL is the best with the measured concentration than Gaussian concentration using Briggs 

formula which is in good result. Also, the statistical techniques appear that the data is 

located inside a factor of two. Also, the maximum Gaussian concentration with the Briggs 

and B N L are larger values the measured concentration of I
135

 and is located inside a factor 

of four. 

Keywords: Dispersion Coefficients; Power Law and Briggs Formula; Maximum Gaussian  

                    Concentration. 

 

Introduction 

The Gaussian plume model is the most widely used for obtaining airborne radionuclide exposure within 80 km of 

the release point. This model is widely used because (a) It produces results similar to any other model when 

comparisons are made between predictions and experimental data, (b) mathematical operations are easily 

performed, (c) it is appealing conceptually, (d) it is suitable to the random nature of turbulence, (e) it is solved of 

the Fickian diffusion equation. 

     This maximum ground concentration (MGC) occurs through the centerline(y=0) at the surface (z=0) and at 

distance of maximum concentration depending on the explicit ways in which    and   increase with distance, 

x, [1]. 

Hanna et al., [2], and Sharan et al. [3] used the modified formulas in calculating the dispersion parameters 

under law wind speed in stable conditions. The effective of eddy diffusivity on the mimics of behaviour of 

diffusion equation was investigated by Essa et al. [4] and Essa et al. [5] obtained the solved of advection-

diffusion equation in third dimensions using Hankel transform. Essa et al. [6] investigated the effect of wind 

speed which consists of power and logarithmic laws to obtain the solution of diffusion equation. 

In this paper, the Gaussian formula is used in third dimensions for plume model, maximum concentration and 

fumigation concentration at the surface. Power law and Briggs formula [7] are used to obtain the dispersion 

parameters. Comparing the Gaussian formula model, maximum concentration at surface, the fumigation formula 

concentration and observed of Iodine-135 in unstable condition. 
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Description Formulations 

The Gaussian model is discussed because it is still the basic workhorse for dispersion calculations and it 

gives the concentration results which good with observed concentration data using constants values of dispersion 

parameters and wind speed. The origin of the Gaussian model is found in work by refs. [8-12]. Consider a 

continuous source of strength Q (g/s or Bq/s) at effective height “H” above the ground. Let that the wind velocity 

“u” is uniform, the concentration C (g/m
3
, Bq/m

3
) is obtained by the formula: 
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the coordinate “y” refers to horizontal direction at right angles to the axis with y equals zero at center line and 

“z” is the normal height above the ground.           are standard deviations which depend on horizontal 

distance “x” and stability.      
   

 
  , where,“hs“ is the stack height, “wo “ is the initial plume speed and 

“D” is the stack diameter. 

McElroy and Pooler’s [13] diffusion experiment in St. Louis was used by Briggs [7] to develop the formulas 

given in Table 1.  

where, A is extremely unstable, B is modularity unstable, C is slightly unstable, D is neutral condition and E , F 

are slightly and modularity stable. 

Smith [14] summarized the Brookhaven National Laboratory (BNL) formulas which are based on hourly average 

measurements out to about 10 Km of diffusion of no buoyant plume release from height 108m. 

     
                     

                                    ( ) 

Where, the constant values of the parameters a, b, c and d are given in Table 2. 

 

Maximum Ground Concentration and Fumigation 

Differentiate Eq. (1) with respect to “x” and set the result equal to zero to determine the maximum 

concentration at maximum downwind distance when         , this occurs at the distance downwind where 

   
    , where “H” is the effective height       . The maximum concentration at that distance is obtained 

by the formula: 

     
  

     

  
  
                                                        ( ) 

Experience gives that the critical distance is a few tens of stack height (hs) downwind. There is a critical wind 

speed at which Cmax itself is a maximum if there is any plume rise at all. This phenomenon is called “high wind 

fumigation” and can persist for hours. The term “fumigation” context means a situation in which high 

concentrations are brought to the ground from an elevated plume. The critical wind speed (uc) and maximum 

concentration at that speed. 

 “Limited mixing fumigation” occurs when diffusion or penetration of the plume restricted by an inversion. If 

the inversion height is “H” and it is about 500m. If the inversion height is “H” and let that the vertical 

distribution of the plume is uniform from the ground to “H”, then the concentration at the surface is obtained by: 

     
 

√      
                                                        ( ) 

Tennessee Valley Authority experience shows that limited mixing fumigation more frequently gives the 

highest ground concentrations at their very tall stacks (       ), whereas high wind fumigation is more 

frequently critical at their shorter stacks.  

     This can be seen as follows: consider the ratio of the predicted concentrations of the two methods  

   
   

 (
 

 
)
      

     
                                                     ( ) 
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     If one assumes that       
 at the maximum point, then Eq. (5) becomes: 

   
   

    
 

  
                                                                  ( ) 

 

If mixing height (  ) is 500m, then Limiting mixing fumigation will be more important than high wind 

fumigation when the effective plume height is larger than about 200m.   

The wind speed “u” appearing in the basic Gaussian plume formula, Eq. (1) should be average value over the 

plume depth is generally recognized. The wind velocity must be estimated by using observations near the surface 

as follows: 

One uses the power law as follows: 

     (
 

  
)
 

                                                               ( ) 

Where z is height in meter, u10 is the values of wind velocity at reference height at 10m, this formula is used 

by several of the U.S. Environmental Protection Agency (EPA) models with values of the parameter P estimated 

by Irwin (1979b)which given in Table 3.  

 

Results and Discussions 

Measured concentration data of I
135

 isotope concentration was obtained from dispersion as experiments 

conducted in unstable condition air samples which were collecting around the Egyptian Atomic Energy 

Authority (EAEA) at vertical height equals 0.7 m above surface with a stack height equals 43m, for twenty-four 

hours working. Each air samples are collected at half hour with roughness length “z0” equals0.6 cm.The 

meteorological data are taken from Essa and El-Otaify [15] in Table 4. The measured concentration, Gaussian 

and maximum Gaussian concentrations by Eqs. (1), and (3) below the plume center lines of Iodine-135 (I
135

) 

isotope using the dispersion parameters    and    in Briggs and BNL are shown in Table 5. The comparing 

between Gaussian, maximum Gaussian concentrations and measured concentrations of radioactive I
135

via 

horizontal distance “x” is shown in Fig. 1. in unstable condition. Fig. 2. explains the relation between the two 

proposed and measured concentrations. 

      From the two figures, one finds that Gaussian concentrations using power law of dispersion parameters 

(BNL) are the best values with the measured concentration of I
135

 than the Gaussian concentration using Briggs 

formulas for dispersion parameters but the two Gaussian concentrations are located inside a factor of two. Also, 

some points of maximum Gaussian concentrations using Briggs and BNL are located inside a factor of two and 

others located inside a factor of four. 

 

Statistical Technique 

Comparing between Gaussian, maximum Gaussian and measured concentrations is introduced by [16]. 

     NMSE is the Normalized Mean Square Error, FB is the Fraction Bias, COR is the Correlation coefficient and 

FAC2 is the Factor of Two. 

From Table 6. the Gaussian concentration at center line using Briggs and BNL of dispersion parameters 

achieved 100% and 0.94% with measured concentration data respectively. Also, the statistical shows that the 

Gaussian concentration using BNL of dispersion parameters is the best for NMSE, FB, and COR than the 

Gaussian concentration using Briggs of dispersion parameters.  Also, this work shows that the maximum 

Gaussian concentration using Briggs and BNL of dispersion parameters inside a factor of four and other 

statistical parameters are not good because of the large values of the concentration. 

Conclusions 
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           In this work, one gets the Gaussian, maximum Gaussian and fumigation concentrations using Briggs and 

BNL of standard parameters in “y” and “z” directions and comparing the Gaussian, maximum Gaussian and 

observed concentration of I
135

.   

One obtains that the Gaussian concentration in center line with BNL is the best with the measured concentration 

than Gaussian concentration using Briggs formula which is in good result. Also, the statistical techniques appear 

that the data is located inside a factor of two. Also, the maximum Gaussian concentration with the Briggs and 

BNL are larger values the measured concentration of I
135

 and is located inside a factor of four. 
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Table 1. Formulas recommended by Briggs (1973) for    ( )      ( ) 102<x<104m in urban area. A, B, C, D, E and 

F are extremely unstable, modularity unstable, slightly unstable, neutral condition, slightly stable and 

modularity stable respectively. 

 

Stability    ( )   ( ) 

A-B 0.32x(1+0.0004x)
-1/2 

0.24x(1+0.001x)
1/2 

C 0.22x(1+0.0004x)
-1/2

 0.20x 

D 0.16x(1+0.0004x)
-1/2

 0.14x(1+0.0003x)
-1/2 

E-F 0.11x(1+0.0004x)
-1/2

 0.08x(1+0.00015x)
-1/2

 

 

Table 2. Brookhaven National Laboratory (BNL) parameter values A, B, C, and D 

Type a b c d 

B
 

0.40 0.91 0.41 0.91 

C
 

0.32 0.86 0.33 0.86 

D 0.32 0.78 0.32 0.78 

E 0.31 0.71 0.08 0.71 

 
Table 3. The values of parameter (p) through stability conditions in urban area 

A B C D E F 

0.15 0.15 0.20 0.25 0.40 0.60 
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Table 4. The meteorology data of 9 convective test runs at Inshas site from March to May 2006 [15]. 

 

Run 

numbers 

Working 

hours of 

the source 

Release 

rate (Bq) 

Wind 

speed 

(m s
-1

) 

Wind 

direction 

(deg) 

W* 

(ms
-1

) 

P-G 

stability 

class 

h 

(m) 

Vertical 

distance 

(m) 

1 48 1028571 4 301.1 2.27 A 600.85 5 

2 49 1050000 4 278.7 3.05 A 801.13 10 

3 1.5 42857.14 6 190.2 1.61 B 973 5 

4 22 471428.6 4 197.9 1.23 C 888 5 

5 23 492857.1 4 181.5 0.958 A 921 2 

6 24 514285.7 4 347.3 1.3 D 443 8.0 

7 28 1007143 4 330.8 1.51 C 1271 7.5 

8 48.7 1043571 4 187.6 1.64 C 1842 7.5 

9 48.25 1033929 4 141.7 2.1 A 1642 5.0 

 

 
Table 5. Observed, Gaussian and maximum Gaussian concentrations using Briggs and BNL of dispersion parameters 

for Run 9 experiments 

 

Run no. 
Downwind 

distance 

Observed 

concentration 

Gaussian 

Briggs 

Gaussian 

Power Law 

Maximum 

Gaussian 

Briggs 

Maximum 

Gaussian 

Power Law 

1 100 0.025 535.0.0 5351009 5390900 53.9599 

2 98 0.037 5350000 5359099 539.900 5399909 

3 136 0.091 5350.00 5350919 5355000 53559.0 

4 135 0.197 531005. 5395000 531.019 5310509 

5 106 0.272 5319909 5390000 531.09 5310900 

6 186 0.188 5310.0. 5395000 5310000 5310999 

7 165 0.447 53.9009 530900. 5390009 53.5519 

8 154 0.123 5310009 531.599 5390010 53.1590 

9 106 0.032 5350050 535.000 5390191 53.990 
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Table 6. The Comparison between Gaussian, maximum Gaussian using Briggs and BNL of dispersion parameters, 

and observed concentrations of I135 in unstable condition. 

 

 
NMSE FB COR FAC2 

Gaussian Briggs 0.50 0.12 0.98 1.05 

Gaussian BNL 0.01 0.01 0.99 0.94 

Maximum Gaussian Briggs 0.83 -0.95 0.03 3.24 

Maximum Gaussian BNL 1.0 -0.36 -0.1 4.06 
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 والتبخير للمصادر المستمرة يوسي ، أقصى تركيز أرضجانمورج عمود 

 وأحمذ متولي مسلم عيسي خالذ صادق محمد

 
 .انقبهشة، يصشهيئت انطبقت انزسيت، ، يشكز انبذىد انُىويت، شيبضت وانطبيعت انُظشيتقسى ان

 

 الملخص
بوسي3 هُبك أشكبل جنهذصىل عهى انخشكيز ببسخخذاو ًَىرج عًىد إسخخذيج انشيبح انًخقبطعت وًَزجت انخشخج انطبيعيت 

قبَىٌ انقىة وصيغت بشيجز نخقذيش حشكيز انًهىثبث3 في هزا انعًم قبَىٌ انقذسة وصيغت يخخهفت نلاَذشافبث انًعيبسيت يثم 

بشيجز ، يخى اسخخذايهب نهذصىل عهى انخشكيز انغىسي نًُىرج انعًىد ، وانخشكيز الأقصى عهى انسطخ وصيغت انخبخيش3 

في خظ  جبوسي ذصم انًشء عهى أٌ حشكيزفي دبنت غيش يسخقشة3 ي 1.0حقبسٌ ثلاثت ًَبرج يخىقعت ببنخشكيز انًقبس نهيىد 

هى الأفضم يع انخشكيز انًقبس يٍ انخشكيز انغىسي ببسخخذاو صيغت بشيجز انخي حكىٌ  يعًم بشوك هبفٍ انىطُي انىسظ يع

 عفي َخيجت جيذة3 أيضب ، حظهش انخقُيبث الإدصبئيت أٌ انبيبَبث حقع داخم عبيم اثُي3ٍ أيضب ، فإٌ انخشكيز انغبوسي الأقصى ي

I هي قيى أكبش نهخشكيز انًقبس يعًم بشوك هبفٍ انىطُي و بشجز
135

 .وحقع داخم عبيم أسبعت 

 . يٍنهخشكيز انجبوسي انذذ الأقصى ، قبَىٌ انقىة وصيغت بشيجز ،يعبيلاث انخشخج :الكلماث الذالت


