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ABSTRACT 

Te assess the impact of atmospheric tritium releases from a fusion 

plant to the environment, the dose to man usually is determined under the 

conservative assumption that all tritium is released in the more dangerous 

oxide form. Under accidental conditions, however, where tritium could be 

released predominantly in gaseous form from a stack, this assumption leads 

to a considerable overprediction of the hazard. 

To quantify this overprediction theoretical and experimental 

Investigations are under way within the Safety and Environment (S+E) 

Programme of the European Fusion Programme. 

The following experiments are presently being performed by CEA: 

1. Oxidation of tritium gas by soil and subsequent resuspension of 

HTO from soil to atmosphere. 

2. Release of tritium gas from a stack of a representative European 

site to determine the conversion rate of gaseous tritium into HTC 

in the environment: 

A slow release (30 minutes) to simulate routine releases of a 

fusion plant; 

Fast releases (2 minutes) to simulate tritium gas release 

under accidental conditions. 

Other European institutes and CFFTP Canada contribute to these 

experiments under CEA technical responsibility. 

First results have been obtained by CEA on the kinetics of HTO resuspension 

from contaminated soils. Immediately after contamination, the fraction of 

the deposited activity which is resuspended to atmosphere is in the range 

of 1$ to 5% per hour. This resuspension rate then decreases more or less 

slowly with time, depending on specific conditions. 

1. INTRODUCTION 

First generation fusion reactors will contain considerable quantities 

of tritium. The radiotoxicity of this inventory strongly depends on its 

chemical form. Based on the "derived limit of the concentration in air for 

workers" defined in the CEC directive 80/836 [l] which is in close 

agreement with ICRP 30, the oxide (HTO) is about 25000 times more dangerous 

compared to the elemental tritium (T2( KT). 



To assess the lapact of tritium releases from • fusion plant to the 
.environment, the dose to man usually is determined under the conservative 
assumption that all tritium is released in the form of HTO. This Is 
correct for releases via liquid effluents and reasonable for controlled 
atmospheric routine releases. Under accidental conditions, however, where 
tritium could be released from the stack predominantly in the gaseous form, 
this assumption leads to a considerable overpredlctlon of the hazard. 

More realistic calculations need models for the conversion rate of 
gaseous tritium into HTO during the atmospheric dispersion and in the 
air/plant/soil system. The existing data base, however, is rather poor. 

- As a consequence theoretical and experimental investigations were 
initiated within the Safety and Environment (S*E) Programme of the European 
Fusion Programme to determine realistic conversion rates in the 
environment. 

2. OXIDATION OF TRITIUM GAS BY SOIL AND SUBSEQUENT RESUSPENSION OF HTO 
Published data on conversion of gaseous tritium into oxide form 

obtained from experiments in the environment [2]-[u] show large 
discrepancies in overall conversion rates or conversion half times, direct 
conversion of HT into HTO in the atmosphere being negligibly small. 

On the other hand, it has been recognised mostly in laboratory 
experiments that h part of the elemental tritium can be converted to 
tritium oxide (HTO) by oxidation in the surface layer of soil and 
subsequent be resuspended to atmosphere [5J-[lo]. To calculate the 
concentrations of tritium oxide in the atmosphere during and after a 
release of elemental tritium, the velocities of HT deposition at soil 
surface and the rate at which the deposited tritium is resuspended to 
atmosphere as HTO must be known. There exist many determinations of 
deposition velocities [7]-[io], but up to now no data have been obtained on 
tritium resuspension from contaminated soil. Therefore the following 
experiments aim at determining the kinetics of both deposition and 
resuspension under conditions as close as possible to bare or vegetated 
soil surfaces in open atmosphere. 

2.1 Experimental determination of tritium deposition on the soil surface 
A modified devise formerly developed for in situ mea ../ement of 

elemental tritium deposition rates [7]-[10 ] was used for soil 
contamination. It consists of a chamber (30 1) mounted on a cylindrical 
steel skirt driven approximately 10 cm into the soil (Fig. 1A). The air 
above the isolated portion of soil is mixed by a fan and circulated by an 
air-tight pump (300 1/h) through a closed cycle loop. The loop carries the 
chamber air successively through a wash bottle designed to trap HTO, an 
humidifier-condenser unit which controls air humidity, and an ionisation 
chamber used to monitor T2 concentration. An expansion bag connected to 



the chamber ensures that the chamber pressure does not deviate 
. significantly from atmospheric pressure. In a typical experiment, about 
0.6 MBq of T2 are injected into the chamber during about one minute and the 
T2 concentration is measured continuously by the ionisation chamber. The 
deposition rate of elemental tritium Is calculated from the evolution of 
its concentration in the chamber. As the concentration decreases 
exponentially, the deposition rate can be determined from Vg - k-v/S, where 
k is the constant of the exponential decay, V the volume of the chamber and 
S the surface of the exposed soil. The total duration of the exposure 
phase is about 20 minutes. 

2.2 Experimental determination of tritium resuspenslon to atmosphere 
After the elemental tritium injected into the chamber being almost 

completely deposited on the enclosed soil surface, the air contained in the 
chamber is flushed out by air drawn into the chamber at a relatively high 
flow rate (21 m~vh) and released to atmosphere through an exnaust line 
(Fig. IB). The rlow rate has been chosen sufficiently high to keep the HTO 
concentration in the chamber at a very low level and simulate appropriately 
the aerodynamic conditions prevailing at soil surface in open atmosphere. 
A sampling line guides a small portion (0.21 m 3/h) of the main flow through 
wash bottles in order to sample HTO and determine its resuspension rate per 
unit area of contaminated soil. At the end of the experiment, vegetation 
and soil samples are taken from the enclosed soil surface and analysed for 
tritium. 

2.3 Experimental results 
Experiments of deposition/resuspension were carried out both for a 

vegetated soil surface covered with grass and a bare soil surface. In both 
cases, the soil was a silty-clay loam, with a relatively high organic 
content and a fine texture. Water content was 15* by volume in the first 
experiment and 12J by volume in the second one. Deposition rates of HT, 
measured as described above, were 0.036 and 0.023 cm/s. These values are 
in good agreement with Canadian experimental results [10]. 

Resuspension rates are given in Fig. 2 and 3 as a function of the ti-e 
elapsed since the enct of the deposition phase. The resuspension rate is 
expressed as the fraction (') of initial deposit resuspended per unit tice 
(hour). In the first experiment on soil covered with dense grass (Fig. 2> 
the resuspension rate increases very rapidly during the first hour to 
attain a maximum value of 0.6J per hour. Then the resuspension rate 
decreases quasi-exponentially during 10 days with a half-life of about 2.5 
days. In the second experiment with bare soil (Fig. 3). the lnita: 
resuspension rate is U% per hour, five times higher than in the case of tr.e 
vegetated soil, but after only one hour the resuspension rate is less than 
Z\ per hour. The resuspension rat then decreases at a slower rate as t:se 
proceeds. 



2.* Modelling approach 
A slaple aodel was developed to describe HTO resuspension froa soil 

which has been contaminated by HT deposition, and oxidation in soil surface 
layers [it]* Figure « represents the pathways of HTO between soil lmytra, 
plant, and ataosphere. 

2.5 Model results and dlcusslon 
The aodel has been used to predict the evolution of resuspension rate 

with tlae, for a vegetated and a bare soil surface. Soil temperature Is 
16°C and relative humidity of the ataosphere is 70S. The water content of 
the standard soil considered in the aodel is 20J by volume, and the air 
content 30% by volume. The HTO-dlffuslvity in soil, derived from these 
soil characteristics [\z] is estimated to be 1.6 10~ 9 a /s. Calculated 
resuspension rates are presented in Fig. 5 and 6 for different values of 
transpiration or evaporation rates, in order to analyse the sensitivity of 
the aodel to the variation of these parameters. 

In the case of vegetated soils (Fig. 5 ) , the resuspension rates were 
-2 -1 

calculated for transpiration rates of 0.05* 0.1 and 0.2 kg m h , assuming 
that evaporation from the surface of soil beneath plants is only 10% of the 
transpiration from the plant itself, and that vegetation is rooted in the 
uppermost 10 cm thick layer. In this case, tritiated water aainly returns 
to atmosphere via the transpiration flux, the contribution of evaporation 
from the soil surface beneath the plants being rather small. As a 
consequence of this particularity, the flux of HTO resuspended to 
atmosphere is a nearly constant fraction of HTO which is present in the 
root zone. Consequently the resuspension rate, as it is defined (fraction 
of initial deposit resuspended per unit time), decreases in a quasi-
exponential fashion, except for a small influence of direct HTO emission 
from the soil surface itself. 

In the case of bare soils (Fig. 5), the resuspension rates were -2 - 1 calculated for direct evaporation rates of 0.05, 0.1 and 0.2 kg m h 
Tritiated water returns to the atmosphere exclusively through evaporation 
at the soil-atmosphere interface. The curve giving the evolution of the 
resuspension rate can be resolved into a sum of exponential functions, each 
characterized by its half-life or time constant. The first time constant 
which is relatively short (order of hours) applies to the tritium of the 
very upper layer(s) which rapidly returns to the atmosphere. The other 
time constants apply to the tritium present in deeper layers. 

The theoretical curves obtained from the model have been compared with 
the experimental results presented above. Some of the curves fit quite 
well with the experimental data and correspond to very likely values of 
transpiration or evaporation rates, (see Fig. 2 ana 3). 



3. EXPERIMENTAL DETERMINATION OF THE ENVIRONMENTAL CONVERSION KINETICS OF 

T2 INTO HTO 

To quantify the T2/HTO conversion rate In the environment under 

realistic conditions an Integral experiment will be performed by CEA on a 

representative European site. 

Tritium gas will be released in a controlled way from the stack of a 

tritium facility and the evolution of the ratio, tritium gas/tritium water 

in the environment will be checked by means of appropriate sampling systems 

which are located at various distances down wind. 

The location of the experiment Is shown in figure 7. The low useful 

angle needs a well defined wind direction, but the site presents many 

advantages: representative facility, tritium preparation and analysis after 

sampling, meteorological tower. 
2 

Two releases of about 2,5*10 TBq are foreseen : a fast one (2 

minutes) and a slow one (30 minutes). The tritium determination will be 

made by liquid scintillation technique with a detection limit of 10 Bq/mJ 

of water. 

Besides CEA having the technical responsibility, other European 

institutes (JRC Ispra, KFK Karlsruhe, KFA JOlich, NIR University of 

Hannover, SCK/CEN Mol, Studsvik NykOping) and CFFTP (Canadian Fusion Fuels 

Technology Project) will contribute both by supplying and operating HT/HTO 

measuring devices and by performing pre- and post-calculations. 

U. CONCLUSION 

HTO resuspension from soil contaminated by tritium gâs has been 

investigated. It was shown that resuspension takes place during a period 

of several days after contamination. In the first hours, the fraction of 

the deposited activity which is resuspended to atmosphère is about 1$ per 

hour. Afterwards, this resuspension rate decreased more or less slowly 

depending on soil and vegetation characteristics. 

To quantify the HT/HTO conversion rate in the environment under 

realistic conditions, an integral experiment will be performed at a 

representative European site and the conversion rates will be determined. 
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Fig. 1 Small scale experimental device 

to determine HT/HTO oxidation 

rate at soil surface. 

Fig. 1 Tritiated water transfer 

paths in the model of the 

soil-vegetation system. 
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Fig. 2 Resuspension rate for grass 

covered soil, variation of 

evaporation rate. 

Fig . 3 Resuspension ra te for 

bare s o i l , v a r i a t i o n of 

evaporation r a t e . 

-* ooeo \ . t»*4r»»i«n .« i t c •>»•'•» 

y — \ c t ^ » — »— 

Fig. 5 Evolution with time of the 

resuspension rate for grass 

covered soil. 

Fig. 6 Evolution with time of the 

resuspension rate for bare 

soil . 
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Fig . 7 Location of sampling systems for 

the t r i t ium r e l e a s e experiment. 


