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Summary 

The aim of the study is the assessment of the dispersion in a low 
wind speed situation and the validation of the computer code ICAIR3 
by means of SF6 tracing experiments carried out on the CADARACHE site 
under different stability conditions. The results show clearly some 
characteristic features of the dispersion. In particular, high con
centrations are found in the experimental field several hours after 
the end of the release. Large differences of the plume width are 
observed depending on the atmospheric stability. The flow seems well 
organized under stable conditions, probably in relation with a topo
graphic effect (CADARACHE is situated in a valley), while there is a 
much larger spread out of the plume in neutral or unstable conditions. 
A reasonable agreement with the values predicted by the calculation 
code is found for the maximum concentration. 

1. INTRODUCTION 

The purpose of the contract is the study of atmospheric dispersion in 
a low wind speed situation and the validation of the ICAIR3 computer code 
by means of the "PISSENLIT" experiments carried out on the CADARACHE nu
clear research center under different stability conditions. 

In different aspects, low wind speed situations need further studies 
in order to assess in a realistic way the atmospheric dispersion. Only few 
experiments have been carried out in this type of situation and there is a 
need in this domain. The numerical modelling of this situation is difficult 
notably because of the heterogeneity and non-stationarity of the wind field 
as often observed. 

The contract, including both theoretical and experimental work, has 
been divided into three phases : 

. acquisition of real meteorological sequences with the aid of 4 sta
tions located on the CADARACHE site. 

. Sensitivity study of 'che ICAIR 3 code to the acquisition parame
ters (sampling time of the wind speed and direction, number of sta
tions taken into account in the calculation). 

. Experimental validation of the code . This phase consists in the 
realization of 20 tracer experiments on the CADARACHE site under 
different stability conditions and the interpretation of the re
sults with the computer code ICAIR ?. 
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We present hereunder the calculation hypothesis of the code and the 
main results obtained in the different phases. 

2. PRESENTATION OF THE MODEL ICAIR 3 

The method of calculation has been the subject of previous publications 
(1) .It notably includes a Gaussian solution to the diffusion 
equation . The basic principle is to schematize a real release by a sequen
ce of instantaneous release of separate puffs. The assessment of consequen
ces is made by adding, at the observation Point, the contributions of all 
the puffs. 

The trajectory of each puff is calculated by using the observed varia
tions of the wind field in space and time, supposing that the puff center 
follows the wind speed and direction measured, at the instant of the calcu
lation, on the nearest mast. The standard deviations of the diffusion of 
each puff are function of the travel time and are presented on figure 1. 

3. RESULTS OF THE SENSITIVITY STUDY 

The sensitivity study of the model has been carried out by means of real 
meteorological sequences collected on the CADARACHE site during a 6 month-
period. Each sequence includes data of wind velocity and direction simul
taneously obtained at the 4 measuring stations settled on the site (figure 
2) . The minimum sampling time of the data was 2 min. The height of the mea
suring point was 10 m or 30 m above the ground-level. The atmospheric sta
bility is determined by the value of the vertical temoerature gradient mea
sured on the mast n°3. 

The sensitivity study has been carried out by varying: 
1) the number of measuring stations that are taken into account Cfrom 

1 to 4), 
2) the sampling time of the meteorological data (from 2mh to Ih). 

3.1 Sensitivity to the number of measuring stations 
The full results are presented in (3). 
The following conclusions may be drawn : it is noticed important dif

ferences in the results according to whether the station n°3 (cf. figure 2) 
intervenes or not in the calculations. The reason seems to be a clear de
crease of the wind velocity observed at this station compared to the first 
2 stations. It entails a significant"slowing-down of the puffs, and an in
crease of the concentrations. 

Under the conditions of calculation considered here, the 4 measuring 
stations are not of the same importance for the assessment of transfers. 
It is noted that there is no difference between the results obtained with 
the data from the station n°l or from the 2 first stations. On the other 
hand, the 4st station does not bring generally much change. It follot's 
that there are mainly two wind regimes on the site characterized by the 
measurements at stations n°2 and 3 for example. 

3.2 Sensitivity to the sampling time of the meteorological data 
The calculations have been carried out by using the meteorological da

ta sampled over a time varying between 2 min and 60 min. This study brings 
out a very clear difference in the turbulent structure of the atmosphere 
under stable and neutral conditions with low winds on the CADARACHE site. 

Under stable conditions, little influence of the value of the sampling 
cime is observed .The flow is channelled by the valley and the varia
tions of the meteorological data are 3mall and take place at rather low 
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frequencies. It is showed that under these conditions a short sampling ti
me is unnecessary as it provides little significant information for a bet
ter assessment of the dispersion. 

Under neutral conditions, it is observed on the contrary an important 
sensitivity of the results to the value of the sampling time. The horizon
tal flow seems much less organized than in the previous case and contains 
higher frequencies of significant energy. A short sampling time is neces
sary to take into account in a déterminast way in the calculation these 
variations. 

4. EXPERIMENTAL VALIDATION 

Up to now, 13 tracer experiments have been carried out (7 in stable condi
tions, 6 in neutral conditions). The experimental conditions are reported 
table I. We present hereunder the experimental procedure, the main results 
and their interpretation illustrated on two selected experiments. 

4.1 Experimental procedure 

4.1.1 Gas release, samples and analysis 
About 40 kg of sulphur hexafluoride (SFf> are released punctually into 

the atmosphere at a constant rate during one hour. Gaseous samples are ta
ken by pumping during a determined period of time (typically 10 or 20 min) 
by means of an autonomous battery-powered apparatus, which is capable of 
procuring automatically up to 10 consecutive samples. The analysis of the 
samples is made by chromatography in the gaseous phase. The threshold of 
neasurable concentration is 10~ 7 g/m3. 
4.1.2 Meteorological instrumentation 

The wind speed and direction are measured simultaneously on the masts 
n° 1,2,3 (figure 2) and averaged every two minutes. The measurements are 
carried out at height of 10 m or 30 m according to the release height : 
2 m or 45 m. The atmospheric stability is determined by measuring the 
vertical temperature gradient between 2 and 100 m on the mast n° 3. 
4.1.3 Observation points 
About 32 observation points are laid out along three cross-sections A,3,C 
approximately located at 50), 1000, 2000 m from the release point. The 
sampling occurs during a maximum of six hours, the duration of each sample 
being 10 min during the two or three first hours and 20 min after. 

4.2 Results and interpretation 
4.2.1 Stable atmosphere 

The results of the experiment PISSENLIT 11 (cf. table I) carried out 
at night under stable conditions and the interpretation with the ICAIR 3 
computer code are presented here. 

4.2.1.1 Presentation of the results 
An example of resuit is presented figure 3. It shows the evolution of 

the concentration versus time at a ooint of the fir3t cross-section. 
A concentration peak is observed shortly after the beginning of the relea
se, chen a slow decrease of the concentration. Concentrations inferior 
to i0~' g/m^ are attained 2 hours after the end of Che release. Then a 
second concentration peak is noticed 2 hours later. It is generally obser
ved on all the sampling points (4). 
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The low decrease of the concentration is coherent with what can be 
expected in a low wind speed situation. The longitudinal diffusion of each 
puff occurs at a speed (d<j-x

 / d t ) which is of the same order as its travel 
speed (mean wind speed). Thus the puff continues to contribute at a given 
point a long time after its mass center passe* tl :_s point. 

It is obvious in this case that the modelling of the transfer with 
a plume model (in which the longitudinal diffusion is neglected) is not 
realistic (3). 

4.2.1.2. Comparison with the ICAIR 3 code 
Figure-4 presents an example of the comparison of the theoretical 

and experimental values of concentration at a given instant after the 
beginning of the release on the first cross-section. 

Good agreement can be observed at short transfert time after the begin
ning of the release. In particular a very good prediction of the highest 
concentration in the center of the plume is to be noted. 

Beyond that, it seems that the dispersion observed in the field is 
weaker than expected. The experimental plume is much narrower than the 
theoretical one ; the value of the concentration in the center of the 
plume is under-estimated by the model. These observations are true for 
the three cross-wind sections. 

This difference can be explained by a reduction of the horizontal tur
bulence , at least in a certain range of the atmospheric spectrum , linked 
with a combined effect of the topography of the site and of the high stabi
lity conditions. This result confirms the conclusions of the sensitivity 
study (cf §.2). 

Some tests have been performed to fit the experimental and theoretical 
data. They essentially show that the original transverse standard deviation 
'had to be reduced by a factor 4,5, at long transfer times (cf. figure I). 

For the higher observation times(> 10800s), the second concentration 
peak (cf. figure 3) is difficult to obtain by the model even with a modifi
cation of the set of standard-deviations .It seems that it could only be 
explained by a change in the advection term (wind speed) in the calcula
tion. Transport velocity had to be supposed to have been lower than 
the one measured in the experiment. No obvious explanation can be given tor 
this feature. 

An interesting point is the comparison of the experimental and calcu
lated atmospheric transfer coefficient (A.T.C.) - in s.m~3 - defined as the 
integrated concentration over the time divided by the released mass, at the 
different observation points. The results are presented tableII. There is 
a rather good agreement concerning the maximum values on the axis of the 
plume. However, on the extremities of each cross-section,the experimental va
lues are higher than the calculated ones. The first ones are mainly due to 
the high values of concentrations at long time intervals after the end of 
the release while the calculation does not reflect this behaviour (see 
hereabove). This result shows that these high values of concentrations are 
of relative weak importance compared with the maximum values found on the 
axis of the plume. 

4.2.2 Neutral or unstable conditions 
"Tie results of the experiment PISSENLIT 13 (cf. Table 1) are presented he
re. The mean wind speed and direction during this experiment are similar 
to those observed during the previous experiment carried out in staci--» con
ditions. This similarity permits .'i direct intercomparison between the re
sults. 



4.2.2.1 Presentation of the results and comparison with those of the pre-
vicus experiment 

An example of result is presented figure 5 . One notices that the 
maximum concentration is obser/ed between 20 and 30 tain after the begin
ning of the release. The decrease of the concentration is then much more 
rapid than the one noticed in stable conditions (the background is reached 
approximately one hour after the end of the release).The widths of the 
plume in the two experiments have been compared . The plume in neutral 
conditions is. much wider than in stable conditions . This is 
m agreement with the conclusions of the sensitivity study (cf. 3.2) where 
it was pointed out that the flow in stable conditions is much well organi
zed than in neutral or unstable conditions. As previously noted, this be
haviour is probably linked with the topography of the site. This effect 
is much more important than it is generally expected by authors, (5) for 
example, in the case of a flat terrain. 
4.2.2.2 Comparison with the code ICAIR 3 

The comparison of the experimental results with those of the code 
ICAIR 3 is presented figure 6 .One notices that the maximum concentra
tion on each cross-section (except perhaps on the last one) is overestima
ted by the calculation. Similarly, the width of the plume is underestima
ted. The theoretical lateral spread of the plume, i.e. the value of ^y •> 
is small compared with the observed one. This result, opposite to the 
one obtained in stable conditions (cf. 4.2.1.2) enhance the considerations 
mentioned hereabove (cf. 4.2.2.1). The values of the experimental and 
theoretical A.T.C. are reported table II. The comparison leads to similar 
results, i.e. the model over estimates the values of the maximum A.T.C. 
on each cross-section and underestimates the other values. 

5. COMMENTS 
The clearest point which can be pointed out from the results herea

bove seems to be the strong effect of the atmospheric stability on the 
characteristic of the flow. Both the sensitivity study (cfi 3) and the 
results of the tracing experiments (cfâ 4) show that, in neutral or uns
table conditions, there are large variations of the wind direction and a 
great lateral spread-out of the pollutant on the site. In stable condi
tions, the flow seems on the contrary well organized and there is a much 
weaker transverse dispersion . The difference between the two cases is 
largely more important than expected by different authors , in 
the case of a flat ter^in. The reason f^r this seems to be the topography 
of the site. The "meandering'' of the plume, as often observed in the case 
of a flat terrain, and which contributes to nake the lateral dispersion not, 
or weakly, dependant on the stability conditions, seems to be strongly les
sened by the topography in the case of a stable atmosphere. It follows in 
this case an unexpected organized flow with few energy at a low fre
quencies and a weak dispersion at long transfer times. 

An other noticeable point is the low decrease of the concentration af
ter the end of the release. Especially in stable conditions, significant 
concentrations are found several hours after the release of gas has ended. 
This effect nay partly be explained by the fact that the rate of growth 
of a pollutant cloud in the longitudinal direction is of the same order as 
the velocity of the mass center of the cloud. This effect is numerically 
simuiatea with a. puff model. The simulations we have performed with the 
code ICAIR 3, while they reflect this tandancv, show a much weaker effect 
compared with the observed one. No clear reason to this can be given. 
A possible explanation could be the recirculation of the pollutant on 



the experimental site, due to a flow upon the drainage flow and of opposite 
direction to it. 

The comparison of the maximum concentration at ground between experi
ment and model in stable conditions shows a rather good agreement up to re
latively longtime intervals before the effect mentioned hereabove is observed. 
In neucnl conditions, the model slightly overestinates these concentrations. 
The effect at long time intervals, while not as pronounced as in stable 
conditions, is also observed here. 

The comparison of the atmospheric transfert coefficients on the axis 
of the plume shows a good agreement in stable conditions and a slight over
estimate by the model in neutral <*r unstable conditions. 

6. CONCLUSION 
This study permits to point out some characteristic features of the 

atmospheric dispersion in a low wind speed situation. However, some of 
these features are probably linked with the topographic particularities 
of the experimental site. An obvious combined effect of the topography 
and of the stability conditions on the atmospheric dispersion is put for
wards. 

This study shows the ability of a gaussian puff model to assess the 
consequences of a pollutant release in the case of low wind speedlhecomparison. 
of the results of the tracing experiments and of the code ICAIR 3 shows 
generally a reasonable agreement with regard to the values of concentra
tion and tine-integrated concentration on the axis of the plume in stable 
conditionsand a slight over-estimate by the code in neutral or unstable 
conditions. 
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EXPERIENCE 
N° 

RELEASE 
HEIGHT 
(M) 

MEAN WIND 
SPEED 
(M/S) 

MEAN WIND 
DIRECTION 

STABILITY 
CONDITION 

8 45 1.5 S.E. * S 

9 45 2.0 S.E. S 
10 45 2.1 S.E. S 
11 2 1.5 S.E. S 
12 45 1.9 S.E. S 
13 2 2.1 S.E. N/U*-* 

14 2 2.3 S.E. N/U 
15 2 3.6 N.W. N/U 
16 2 2.9 N.W. N/U 
17 2 2.4 N.W. N/U 
18 2 2.4 N.W. N/U 
19 2 1.1 S.E. S 
20 2 0.2 S.E. S 

* stable 
XX neutral or unstable 

CONDITIONS OF THE TRACING EXPERIMENTS 

TABLE I 



TABLE II 

measured 7.1.10 7 1.1.10~6 8.2.10~7 8.8.10"5 4.7.I0 - 4 l.A.IO - 4 8.8.10~7 8.7.10"7 8.10~7 

ion calculated 7..0-'2 l.3.10~U l.9.IO~n 3.1.10 - 8 2.IO"5 !.7.I0~4 1.8.10 - 5 2.5.I0~9 1.4.10"'1 

measured 2.5.I0"7 7.1.10"7 7.3.10~7 8.3.I0"7 1.2.I0~4 1.3.10~A 4.5.10"7 9.4.10"7 9.6.10"7 

ion calculated 9.7. \0~12 5.5.10"11 -It 3.9.10 7.8.10"8 1.7.10"5 6.10"5 1.4.10"5 3.6.I0~7 2.4.10"1' 

measured 1.I0"6 8.3.10~7 7.1.IO"7 6.2.10~6 3.6.I0"5 9.8.10 - 5 -4 1.1.10 4.10" 5 4.4.lo"6 

iun calculated 1.3.10~7 8.4.10~7 2.8.10"6 8.3.10~6 1.4.10 - 5 1.7.10 - 5 2.10 - 5 2.4.10~5 1.7.10 - 5 

A 
Cross 
section 

measured - 3.7.IO - 7 7.7.10*8 9.5.10"7 1.5.I0"6 3.9.lO - 6 4.7.10"6 6.6.JO - 6 A 
Cross 
section calculated 2.8.|0~U 2.9.10~ K 1.6.10 - 7 6.5.10"6 9.8.I0"6 3.9.10"5 2.I.10"5 2 .10" 6 

U measured 2.4.10~8 1.9.10"8 5.1.10~8 1.7.10"7 1.6.10"6 l.l.lo"6 1.1.I0"6 I.4.10*"6 

i.ross 
section calculated -9 1.5.10 J -9 2.8.10 -9 3.6.10 * 2.8.10~8 7.5.10"7 5.5.10 - 6 1.2.10 - 5 7.8.10"6 6.8.10"7 

C 
Cross 
section 

measured 7.4.10~8 7.6.10"8 9.1.10 - 8 1.1.10"7 2.I.10"7 2.5.lO"7 1.2.10"7 2.10" 7 6.10~7 C 
Cross 
section calculated 3.6.I0~8 4.6.10~8 6.1.10"8 7.5.10"8 9.3.10"8 1,2.I0"7 1.5.10"7 1.5.I0 - 7 

... 
3.9.10'8 

TABLE III 
Comparison of experimental and theoretical values of Atmospheric Transfer Coefficients at the different 

points.of each cross-section 
TABLE II : experiment PISSENLIT II ; TABLE III : PISSENLIT 13 
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