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Introduction 

Doses to the public from emergency emission scenarios at the SHINE Europe Tx facility require 

some calculations that include plume dispersion dynamics. Instead of doing complex modeling 

to do these calculations, the emergency dose calculations often use conservative and simplified 

equations involving an atmospheric dispersion factor (ADF) χ/Q. 

For the purposes of the SHINE Europe Tx facilities hazard assessment, the maximum ADF value 

is of interest because it represents the worst-case scenario that would result in the highest 

dose to the public. This worst-case ADF for the facility was calculated primarily using United 

States' Department of Energy (DOE) guidance. 

ADF Calculation Methodology 

The ADF depends on the weather conditions that are present at the time of the aerial release 

and the distance from the source to the person/location of interest. Because of this, the ADF is 

both location and time dependent. To estimate the ADF, the DOE Handbook provides a 

simplified Gaussian plume dispersion model [1]. While they provide a detailed ADF equation as 

a function of the relative cartesian distances from the source, the handbook also provides a 

worst-case ADF equation that assumes the person/location of interest is on the plume 

centerline; this results in the highest possible doses. This conservative equation can be found in 

Equation 1. 

 where 
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This equation requires the wind speed and horizontal and vertical spreads of the plume as 

inputs. These spreads are dependent on the distance from the source and the weather 

conditions, primarily the atmospheric stability. There are seven distinct stability classes as 

defined by Pasquill-Gifford-Turner (P-G-T). They range from class A, which represents an 

extremely unstable atmosphere that normally occurs during bright sunshine and relatively low 

wind speeds, to class G, which represents an extremely stable atmosphere that normally occurs 

at night or early morning with light to zero wind speed. 

The handbook provides many different empirically based parameterizations for estimating the 

spread of the plume. The parameterization that was selected for use in this analysis was the 

one from Eimutis and Konicek (EK). It was chosen because it provides reliable results for 

distances of less than 100 meters, and this parameterization is widely used by the United 

Stated Nuclear Regulatory Commission. Additionally, it was the only parameterization that 

predicts values for a P-G-T atmospheric stability class of G; the most potentially dangerous 

stability class in terms of dose. The equation and parameters of the EK can be found in Equation 

2 and Table 1. For the horizontal spread (σy), by= 0.9031 and cy= 0 for any distance and 

atmospheric stability [1]. 

 

𝜎𝑦(𝑟) = 𝑎𝑦 ∗ 𝑟𝑏𝑦 +  𝑐𝑦 

𝜎𝑧(𝑟) = 𝑎𝑧 ∗ 𝑟𝑏𝑧 +  𝑐𝑧 

 where 

𝑟 = 𝑑𝑜𝑤𝑛𝑤𝑖𝑛𝑑 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑐𝑒𝑝𝑡𝑜𝑟 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑝𝑜𝑖𝑛𝑡 𝑜𝑓 𝑟𝑒𝑙𝑒𝑎𝑠𝑒 [𝑚] 

𝜎𝑦 = 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 [𝑚] 

𝜎𝑧 = 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 [𝑚] 

Equation 2: Eimutis and Konicek plume spread parameterization [1]. 
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Table 1: Eimutis and Konicek plume spread parameterization coefficients by downwind radius and atmospheric stability [1]

 

Worst-Case ADF 
The SHINE-Europe Tx facility has a complex site boundary. The site and building location can be 

seen below in Figure 1. 





important because Equation 1 goes to infinity as the wind-speed goes to zero. For this analysis, 

it is assumed that the minimum wind speed will be 0.5 m/s. Historical weather from the nearest 

airport to Veendam, Eelde, was also analyzed to get a general sense of the probabilities of 

these various weather combinations [2]. These results are displayed in Figure 2. The ADF values 

for these various weather conditions were then calculated using Equation 1 and are displayed 

in Figure 3. 

 

Figure 2: Historical probability of various weather conditions at the Eelde airport [2]. 



 

Figure 3: ADF values at 58 m from the exhaust stack for various weather conditions. 

The highest ADF is 3.9e-1 s/m3 and occurs during weather with a Pasquil Stability of G and low 

wind speed of 0.5 m/s. For more insight, Stability G weather conditions can only occur right 

around sunrise or sunset when the atmosphere is most stable. These conditions are relatively 

rare in the Veendam area, however, this ADF should be used as a bounding value for hazard 

calculations. It is also important to note that this analysis does not consider the wind directions 

at all. The 58 meter location that is being analyzed here will only be exposed to radionuclides 

when the wind is blowing the stack emissions southwest. So, if some analysis on what a median 

or specific percentile ADF is to the public during an average year, more intensive analysis will 

need to be done that considers the wind directions, exhaust plume width, and geospatial site-

boundary. 
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