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I - INTRODUCTION 

In the framework of the international 
cooperation settled for the realization of the 
French tritium experiment, an expert group for 
the assessment of computer codes, including the 
Joint Research Center of lepra (European Commu
n i t i e s ) , Studavik (Sweden) and the Atomic 
Energy Commission (France), haa been organized. 
The aim of the group was as follows : 

- to help the design of the experiment by 
evaluating oeforehand the consequences of the 
releaa 

- to interpret the results of the experir jnt. 

This papc- describes the las t task and 
gives the main conclusions drawn from the work. 

II - PRESENTATION Or THE CODES 

The most relevant phenomena of the beha
viour of elemental tritium after its release in 
the atmosphere have been modelled in the 
codes : the transport phase of the primary 
pollutant (HT or T2) according to the atmosphe
ric conditions (during this phase, 3one slow 
oxidation of the tritium gaa in the air may 
occur) ; the deposition of the primary pollu
tant, contemporarily with the previous phase ; 
the oxidation and evaporation phases during 
which the HTO is generated by microorganisms in 
the soil and constitutes a surface source for a 
secondary plume ; the transport of the secon
dary plume of HTO. 

The three models involve gaussian plume 
or puff type formulations. The major differen
ces between these codes concern the standard-
devistions of the distribution of "ollutsnt *n^ 
the modelling of the behaviour of the oxide in 
the soil and its reeaission into the atmosphe
re. 

The standard-deviations are compared in 
the tables 1 and 2, for two meteorological 
conditions referenced according to the Pasquill 

scheme, D-3 corresponding to a neutral atmos
phere and a 3 a/s wind speed and F-2 corres
ponding to a stable atmosphere and a 2 a/s 
wind speed. 

The references of the standard-devia
tions are Doury for the CEA.griggs for Ispra 
and Martin-Tickvart for Studavik. 

In the D-3 condition, a close agreement 
between the three codes is observed for both 
a j and az. In the condition F-2, the CEA cry 
values are much greater than the others, 
'.specially at large distances. The main reason 
for this discrepancy is that, in the CEA 
model, ay is assumed to be indépendant on the 
atmospheric stability while, in the other 
codes, ay reduces as the stability increases 
(cry is lower in class F than in class D). As 
concern az, no disagreement is observed 
between the codes. 

In all codes, the dry deposition is 
treated by the concept of deposition velocity. 

In the CEA model DISTRAIR /l/, the 
oxidation of HT and the resuapenaion of HTO in 
the atmosphere from the ground are treated 
globally in the same model where it is assumed 
that the resuspended quantity of HTO is a 
linear function of the remaining HTO on the 
ground (this remaining fraction is calculated 
at each instant by substracting the reaaitted 
quantity from the deposited one). 

In the ISPRA code SCIROC /l/, the treat-
aent of the phenomenon is siuilar to the CEA 
one except that the diffusion of HT and HTO in 
the soil is taken into account, leading to a 
supplementary depletion of the reaaining frac
tion or HTO on tne ground. 

STUDSVTK uses a compartment model TRI-
L0C0M0 /l/, where the natural medium is 
divided into separate compartments (air, soil, 
plants) between which the transfer of material 
occurs. Some of the transfer coefficients are 
entered in the code, others are calculated by 



the code. The code does not take into account 
the transfer of contaminant into the lower 
layers of the soil, but considers the evapora
tion of HTO from the soil and from the plant, 
the last if wanted. 

In the CEA and ISPRA codes, the HTO 
reeraission in the atmosphere is simulated with 
a multi- source model, i.e. the ground is 
divided into elementary sources, the strength 
of which depends on the local HTO surface 
concentration. The subsequent HTO transfer and 
diffusion axe similar to the KT ones. In the 
STUDSVIK model, the HTO atmospheric concen
tration is only due to the evaporation in the 
local domain of interest (it is assumed that 
the same amount of activity HTO which is 
transferred into the air compartment from the 
upwind domains also is transferred out from 
the same compartment by the wind. Evaporeted 
HTO within the air compartment is transferred 
out by an appropriately chosen transfer 
coefficient). 

Ill - ASSESSMENT OF THE FRENCH EXPERIMENT «1TH 
THE CALCULATION CODES 

III.l - Results of the caicu.ation 

The experimental condition and meteoro
logical situation retained in tne codes, fully 
described in /2/, are the following : 

release height : 40 N, 
release duration : 120 S, 
released quantity : 2.6 10"14 BO, 
wind speed : 2 M/S wind direction : J40*, 
atmospheric stability : neutral Pasquili 0, , 
deposition velocity : 2.10"-4 K'S, 
oxidation and reeaisaion rata : 4 % par Hour. 

The deposition velocity and reeaieston 
rate have been evaluated from the aeasureaenta 
done during the experiment and froa the 
results of the small-scale experiment of Belot 
/3/. They correspond to the mean values 
observed during the first hours of the 
experiment. 

The result* of the codes are sumoarized 
in the tables 3 and 4. The HT concentrations 
are in good agreement. For HTO, all the 
calculations give similar results within a 
factor of 3) at 800 M as concerns the 
integrated concentrations. A tendency of the 
results to differ as the distance increase* is 
noticed. It seems to be, at least partly, due 
to the differences in the standard-deviations 
taken into account (cf. tablée 1 and 2). The 
HTO calculations enhance these differences 
sir.ce thï stxcs^heric diff'-sion prccsssss ITS 
used twice (once for the HT and once for the 
HTO!. 

III.2 - Comparison between tr.e experi
mental results and the code 
calculations 

The comparison is presented in figures, 
and 2. The values reported are t.-.e maxii» -
values calculated or observed on eacn saapling 
cross-line. The HT values are averaged over 
the first 1/2 hour and the HTO over the 2 
first hours. For HT, the agreement is good 
between the calculations and the observations 
by Bill and Ontario Hydro at 800 M. The NIR 
end KFK measurements are lower tr.an the 
previous ones. The discrepancies between the 
experimental results seem to be mainly due to 
the differences in the exact locations of the 
points. If a correction is applied to the 
measured values in order to take ir.to account 
these differences /l/, the measured values are 
close to each other and close to the calcula
ted values. At greater distances, all the 
codes give similar results, near by the Bill 
experimental values. 

For the HTO over the two first hours, 
all the calculated values agree reasonably 
well at the two first distances, There is a 
rather large scatter of the experimental 
results at the point A, partly explained by 
the differences in the locations see here-
above) and also by the differences in the 
technics of sampling, nfithin the range of 
uncertainties, the codes give tr.e correct 
jrder of magnitude. 

At 2500 m, discrepancies are found 
between the calculated results. The ISPRA 
value Is close to the Bill observed one, while 
the two other calculations are lower and more 
comparable to the Ontario Hydro measurement. 
It must be noticed that the observed Bill 
value is high when compared with the values at 
the points around it /2'. 

A greater times, the three models indi
cate a very low evolution of the HTO concen
tration in the field, not significant within 
the first four hours. On the contrary, the 
experimental results show a noticeable decrea
se of the concentration between the first and 
the last sampling, separated by less than four 
hours. A possible explanation for this decrea
se could be the depletion of the HTO content 
of the soil surface layer due to the HTO 
diffusion to deeper layers. This process would 
especially occur early after the release, when 
only a thin layer of the soil is contaminated. 
It therefore does not appear in the soil 
measurements because the first soil saapling 
was performed only one hour after the release. 

codes, but It could be easily done by intro
ducing a time-varying reeaission rate. Howe
ver, this phenomenon does not affect so much 
the integrated concentration in the atmos
phere. 



IV CONCLUSIONS 

It Is believed that two main pointa have 
been raised by this work : a) the importance 
of the soil in the creation and reeaission of 
HTO into the atmosphere b) the ability of 
simple gausslan models to predict correctly 
the experimental results. 

The topography of the site was such that 
simple gauasian puff/plume models were succes
sfully employed to describe the diffusion of 
HT in the atmosphere, it* oxidation and 
reeaission from the soil. The simplicity and 
transparency of these models are due to the 
fact that the complex phenomena involved in 
the process are simply described by means of 
transfer coefficients and all the difficulty 
is therefore put in their evaluation. 

A limitation of the codes is the 
necessity of knowing beforehand the values of 
the deposition velocity and reemission rate 
which depend on the characteristics of the 
soil considered. As shown, these parameters 
influence the HTO production considerably. 
Therefore, the knwoledge of the soil charac
teristics around any HT potential source is of 
paramount importance in evaluating the HTO 
concentrations due to an HT accidental relea
se. It was shown that these parameters could 
be determined rather easily with a snail-scale 
field experiment. 
TABLE 1 - COMPARISON OF THE HORIZONTAL STANDARD-DEVIATIONS 

Within the uncertainties usually accep
ted when applying such type of codes, it is 
reasonable to conclude that they are able to 
give a correct estimation of the behaviour in 
the atmosphere of tritium gaa and oxide, for 
puff of prolonged releases (some hours). 
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FIGURE : 
HT MEAN CONCENTRATION OVER THE FIRST 1/2 H 

COMPARISON BETWEEN CALCULATED AND EXPERIMENTAL RESULTS 
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FIGURE 2 
HTO MEAN CONCENTRATION OVER THE 2 FIRST HOURS 

COMPARISON BETWEEN CALCULATED AND EXPERIMENTAL RESULTS 
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TABLE 3 - NUMERICAL SIMULATION OF THE EXPERIMENT. MEAN HT AIR CONCENTRATION OVER 1/2 h (Bq/m ) 

DISTANCE CEA ISPRA STUDSVIK 
(K) 

800 3 - 1 0 R 2.8.10 3.3.10*! 
1000 2.5.10^ 2 , 7 - 1 0 6 2.2.10,! 
2500 8.10 1.1.10 3.3.10 

TABLE 4 - NUMEPICAL SIMULATION OF THE EXPERIMENT. HTO AIR CONCENTRATION (Bq/m3 ) 

i DISTANCE 
! 

CEA ISPRA 
I 

STUDSVIKI 
! (M) 1 

1 
800 P 150 373 1081 

Al 80 144 280 
A2 145 300 354 

1000 P 130 390 732 
Al 65 138 189 
A2 120 305 186 

! 
! 2500 P 45 240 127 ! 

Al 6 32 33 
A2 : 40 170 42 ' ^ 1 

P : Peak of concentration 
Al : Concentration averaged over the first 1/2 hour 
A2 : Concentration averaged over the first 2 hours 
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