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Abstract. Gaussian atmospheric dispersion models are principally validated for release at ground level, or, if the 
release is very high up, at distances sufficiently removed from the source for the plume to have reached the ground. 
In order to improve the evaluation of the near field dispersion (< 4 km) for above-ground releases, the Institute for 
Protection and Nuclear Safety (IPSN) began an in situ study in June 1997 around the La Hague nuclear reprocessing 
plant using krypton 85 ( 8 5Kr, released in the gaseous effluent by a stack of 100 m high) as a plume tracer. The aim 
of this study is to compare the results for the atmospheric transfer coefficients (ATC) obtained in 8 SKr measurement 
surveys with the results of three Gaussian atmospheric dispersion models (Doury, Pasquill-Briggs and CAJRE) in 
order to define the distances at which corrections need to be made to the models and thus improve determination of 
the ATCs. For all the results, it is observed as expected that the models are not applicable for the source near field; 
however, the study clearly shows that the CAIRE model gives the best results at all distances. 

1. INTRODUCTION 

The Gaussian atmospheric dispersion models traditionally used for operational purposes (mainly Doury 
and Pasquill-Briggs) are principally validated for release at ground level (or close enough to approximate 
to ground level), or, if the release is very high up, at distances sufficiently removed from the source for 
the plume to have reached the ground [1] [2] [3]. 

In order to improve the evaluation of the near field dispersion (< 4 km) for above-ground releases, 
the Institute for Protection and Nuclear Safety (IPSN) in collaboration with the French Navy's Groupe 
d'Etudes Atomiques began an in situ study in June 1997 [4] around the La Hague nuclear reprocessing 
plant using as a plume tracer krypton 85 ( Kr), a inert gas released in the gaseous effluent (from a release 
stack 100 m high). 

8 5Kr, which is a P" and y emitter radioactive isotope with a half-life of 10.71 years, is produced 
naturally and in nuclear reactors [5] [6]. It has also been released into the atmosphere following nuclear 
explosions, but currently its main source is release by nuclear reprocessing plants such as La Hague. 

The continuous measurement of 8 5 Kr activity in the air for different distances from the point of 
release at the La Hague plant and for a variety of weather conditions provides a useful tool for validating 
atmospheric dispersion models for releases at altitude. It can be used to follow the passage of each release 
°f Kr and to calculate the atmospheric transfer coefficients (ATC). 

The aim of this study is to compare the results for the ATCs obtained using 8 5 Kr measurement 
surveys around the La Hague COGEMA plant with the results of three Gaussian atmospheric dispersion 
models, Doury [1], Pasquill-Briggs [2] [3] and CATRE [7], in order to define the distances for which 
corrections need to be made to the models and thus improve determination of the ATCs. The Doury 
"todel is mostly used in France and the Pasquill-Briggs model is used in Britain and the US. The CATRE 
twdel, based on the Pasquill-Briggs model, is used by the French Navy. 
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2. MATERIALS AND METHODS 

2 .1 8 S Kr field measurements around the La Hague nuclear reprocessing plant 

The IPSN carried out a series of fourteen ground measurement surveys for 8 5 Kr around the La Hague 
nuclear reprocessing plant (figure 1) from June 1997 to April 1998 for a range of different distances and 
weather conditions [4]. 

The field measurements were performed at distances between 575 and 4500 meters from the release 
points with wind speeds at 100 meters altitude above the La Hague plateau in the range 4.5 to 16.9 m.s"1. 
The diffusion weather conditions during the samples were normal diffusion in the Doury classification or 
neutral or slightly unstable in the Pasquill-Briggs classification (classes C and D). 

Figure 1: Survey areas for the different measurement campaigns (16 different measurement sites) 

The measurement results enabled the ATCs on the ground to be calculated for the distances from the 
release point and for the weather conditions encountered during these measurement surveys. For the La 
Hague nuclear reprocessing plant, it is assumed that the ATC can be deduced from the ratio between the 
integral of the concentration measured in the environment during the shearing period (~ 30 minutes) and 
the quantity released during shearing. Figure 2 shows that this approximation is justified since most of the 
plume corresponding to shearing can be detected before the appearance of the plume caused by the next 
shearing. This leads to the following method of determining the ATC: 

pX{M,i).dt 
ATC = -^-t 

ft!q(t)-dt 
1 o 

where: 
-X(M,t): Activity concentration at measurement point (M) at time t (Bq.m - 3), 
-q(t): Source activity rate (Bq.s"1), 
-t '0, t' 1: Emission source(s) start and end times, 
-tO, t l : Measurements) start and end times. 
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Figure 2: Example of 8 5 Kr environment measurements (measurements taken 20/01/1998 at Herqueville) 

2.2 Gaussian atmospheric dispersion models (Doury, Pasquill-Briggs and CATRE) 

The radioactive elements released into the atmosphere are blown in the wind direction and dispersed in 
the mass of air under the action of natural atmospheric phenomena: transport and diffusion. Transport 
involves the displacement of the center of mass of the cloud between two given instants, while diffusion 
corresponds to the relative displacement of the component volumes within the cloud relatively to their 
center of gravity [8]. Several types of atmospheric dispersion models have been developed, including 
Gaussian models. Gaussian dispersion models are based on the solution of the general equation for 
diffusion transport of a passive gas, such as 8 5Kr, in a turbulent environment. If the concentration does not 
depend on time and if the flux of pollutant transported by the wind is high relative to the turbulent flux in 
the same direction, which in practice means a wind speed greater than 2 m.s"1, this gives the solution 
known as a Gaussian plume: 

ATC = 
1 

U27c)Uaha2 

-exp 
(y- v 0) 2\ 

2 C 7 
exrt 

( z - z 0 ) 2 ^ 

2CT] 
+ exp 

O + z J 2 A 

2a.2 

where: - y, z: coordinates of the observation point (x taken to be in the average wind direction), y 
sideways and z vertically, 
- yo, zn: coordinates of the release point, 
- U : average wind speed, 
- ah, a2: standard deviations for the Gaussian distribution of the pollutant relative to its average 
location at time t. 

This is the equation used to make calculations for comparison with the measurements because the 
wind speed was high enough for the Gaussian plume hypothesis to hold true (wind speed > 2 m.s" ). 

The Doury model 
Doury [1] distinguishes two categories of atmospheric stability: the normal diffusion class (average 

or strong turbulence) and the low diffusion class (weak turbulence). He considers that only the vertical 
distribution of the pollutant is affected by the stability of the atmosphere. 

Normal atmospheric diffusion, or neutral to unstable atmosphere, corresponds to a vertical 
temperature gradient of less than or equal to -0.5°C/100m. Weak atmospheric diffusion, or stable 
atmosphere, corresponds to a vertical temperature gradient value greater than -0.5°C/100m. The standard 
aviations for the Doury model vary with the time elapsed since the instant of emission. 
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The Pasquill-Briggs model 
The standard deviations in the Pasquill-Briggs model [2] [3] are a function of the distance travelled 

by the pollutant from the source. Also, Pasquill-Briggs distinguishes six categories of atmospheric 
stability, which acts on both vertical and horizontal diffusion. The model uses six classes to describe the 
stability of the atmosphere: A = very unstable, В = moderately unstable, С = slightly unstable, D = 
neutral, E = stable and F = very stable. 

The CAIRE model 
The CAERE model [7] is used by the French Navy for chronic releases or those occurring in accident 

situations. This model is designed for the near field, as it can only be used within a radius of 2000 m from 
the source point. This Gaussian model is based on the Pasquill-Briggs stability classes. 

3. RESULTS AND DISCUSSION 

3.1 Atmospheric transfer coefficients measured at La Hague 

For the 8 5 Kr measurement surveys, the ATCs obtained vary from 8.1 10"7 ± 2.1 10"7 to 7.8 10"6 ± 2.0 10'6 

s.m"3 for distances between 575 and 4500 m from the release points. The wind speed at 100 m varied 
between surveys within the range 4.5 to 16.9 m.s"1 [4]. 

3.2 Comparison of ATCs calculated using the models with ATCs determined from 8 5Kr field 
measurements 

Figure 3 shows the comparison between the experimental ATC and the modeled ATC against distance 
from the release point. 
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Figure 3: Comparison of ATCs calculated using the models with ATCs determined from 8 5 Kr field measurements 

It can be observed that the experimental ATC determined from 8 5 Kr measurements is greatly 
undervalued by the models, both Doury and Pasquill-Briggs, at low distances from the source. The 
smaller the distance between the source point and the calculation point, the greater the deviation between 
the models and the measurements. This happens because the classical gaussian models, such as Doury 
and Pasquill-Briggs models, are not valid in the near field for releases from elevated sources, as is the 
case for the La Hague nuclear reprocessing plant. To correct this problem, some authors recommend 
applying alternative methods [9] [10] for the near field without any real physical basis, for example 
reducing the height of the release point arbitrarily. 
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With the CAERE model, the differences between the calculation results and the measurements are 
between 2.6 101 and 3 10"1. Except for two cases, the differences between the model results and the 
measurements are less than a factor of 3. 

In this comparison between the results from the different models with 8 5 Kr field measurements for 
medium to strong turbulence (normal diffusion for Doury, classes C and D for Pasquill-Briggs), it is clear 
that the CAIRE model gives the best results. However, it should be mentioned that the CAIRE model is a 
near field model, not applicable beyond 2 kilometers from the source. 

4. CONCLUSION 

Fourteen 8 5 Kr measurement surveys were made around the La Hague nuclear reprocessing plant between 
June 1997 and April 1998 [4]. 

For these 8 5 Kr measurement surveys, the ATCs obtained vary: 
- from 8.1 10"7 ± 2.1 10"7 for a distance of 1000 m from the release point with a wind speed of 

16.5 m.s"1, 
- to 7.8 10"6 ± 2.0 10"6 s.m"3 for a distance of 1000 m from the release point with a wind speed of 

11.1 m.s"'. 
The comparison between the results from the different models (Doury, Pasquill-Briggs and CAIRE) 

with 8 5Kr field measurements for medium to strong turbulence (normal diffusion for Doury, classes C and 
D for Pasquill-Briggs) show clearly that the CAIRE model gives the best results. However, it is to be 
noted that this model is designed for the near field, as it can only be used within a radius of 2000 m from 
the source point. 

Future work will be carried with 8 5 Kr measurements at ground level and in altitude for different 
atmospheric stability classes, including weak diffusion and over a range of distances from 200 to 4000 m 
from the release point [11]. This set of measurement results will be used to describe the actual vertical 
and horizontal plume distributions, then to extend the scope of application of Gaussian atmospheric 
dispersion models to situations such as the one of la Hague. 
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