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ABSTRACT 
Tritium production in fuel elements and in 

cooling water of PUR'S is evaluated. Comparison 
with experiments in the laboratory and with fi
gures obtained from reactors supports these 
evaluations. Storage of the hulls and tritium 
disposal methods by dilution are discussed. 
Possible methods of reducing the required 
amount of water used to dilute the wastes are 
compared. 

INTRODUCTION 
Tritium production due to ternary thermal 

fissions in Uranium235 has a yield of about 
8.5x10-5. 

-2 
This amount3 to less than 1.2x10 Ci pro

duction per MWd (thermal) i.e. about 40 Ci per 
day for a 1000 MWe reactor. 

Added to these, fast fissions specially 
in23!pu showing higher yields lead to an esti
mated total of 55 Ci/day in an "equilibrium" 
fuel. 

This total would be increased by tritium 
producing elements such as Li or B. However the 
total tritium activity accumulated per year in a 
reactor will be around 15.000 Ci (about 1.5 g 
of T). 

This is a very small figure compared to 
other induced activities. 

Indeed should this amount be totally and 
uniformly dispersed in water, the MPC for drin
kable water being 3x|0"7 Ci per liter, a 5.1010 
liter per year flew,(i.e. 2m3 per sec. stream)^ 
of water, suffices to keep the concentration low ' 
enough not to exceed this value. 

This amount is to be compared to the flow of 
cooling water which is for instance 33 m3 per sec. 
(118.800 t»3/h) for the 900 ltWe reactor at 
Tihange. 

Though a certain amount of tritium, in addi
tion to the estimation just mentioned, results 
from reactions in the cooling water itself with 
added neutron captors no critical problem has yet 
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arisen. However it will be seen that tritium 
distribution is such that the release of even 
these quantities can effectively be largely re
duced because in reprocessing plants the greater 
part can be captured and, if eventually desired, 
detritiation of used primary circuit water cculd 
be achieved before release. 

TRITIUM BALANCE IN A FUEL ELEMENT 
Tritium produced ?'n the fuel penetrates into 

the cladding and, from there, can, to an extend 
depending on the cladding, diffuse into the coo
lant. The first effect leads to the well known 
partition of tritium between zircaloy and 
uranium oxyde as a function of temperature for a 
35.000 MWd.fl burn up.(Fig. 1) 
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Rouglfy half of the tritium can be found in the 
cladding. 

The second effect is very small with zircaloy 
as shown by the very slow increase of T content in 
water. It can not be measured directly because it 
is of the order of the uncertainties on the pro
duction rates in the water. 
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Defects do not 
sequences. 

seem to have important con-

PERMEATION THROUGH ZIRCALOY 
Mixtures of T2 and He were inserted in a 

zircaloy tube similar to a fuel pin cladding, in 
amounts ten times that produced after a represen
tative 35.000 MWd.t"' irradiation. This tube was 
heated up ro about 375*C and gases collected 
in a quartz envelope. Tritium is measured with 
a scintillation counter (Fig. 2). 
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The initial rate of diffusion is 13.10*2 u Ci 
per hour;it decreases after 200 h to 2slO~2 y Ci/.h-1 

After 1200 hours only .01 Z of the tritium has 
diffused into the outer gas and all the inner 
tritium or hydrogen is dissolved into the metal. 

Fig 2 shows that in the presence of air, 
oxidising the surface, diffusion rates out of the 
cladding are even smaller. 

In ehis relation it seems interesting to 
see on Fig. 3 the extend to which the fuel clad
ding is oxidized in the reactor. 

TRITTVMBAL. NCE IN THE CASE OF A PVR REACTOR 
An analysis of a run of the BIBLIS reactor 

oxer a A months period (6) provides results com
patible with this figure, though diffusion up to 
•IX of the tritium can not be ruled out. 

At shutdown the tritium inventory was circa 
350 Ci.50 had been released, and 44 Ci were esti
mated to be present at the staic. Production had 
thus been 356 Ci. The :ollowing breakdown was 
calculated. The major source of tritium in the 
water is Boron through the , 0 B (n, 2 a ) T reac
tion. The balance was estimated from previous 
calculations, (3) (A) (5), to be the following : 

I Li) 
Boron activation 340 Ci 
Deuterium activation <V 4 Ci 
Lithium activation M 6 Ci (99.96Z 
Tritium from control rods : negligible 
Balance : Tritium diffusing from the 

rods ^ 6 Ci, or about .IZ of the production, in 
the fuel. 

This figure, obtained by difference is very 
inaccurate, but, by the way rounding ups in the 
calculations were made, it should rather repre
sent an upper limit. 

Major directly calculable sources of tritium 
in PWR's water being Boron and Lithium,one could 
turn to boiling water reactors to study tritium 
diffusion, as water is not treated with additions 
of these elements in BWR's. This was attempted 
for the Cundremmingen power plant (6). However 
Boron carbide control rods cladded with stainless 
•teel prevent reliable data to be derived from 
the operation of this reactor, as tritium diffuses 
readily through stainless steel. 

The total yearly production of tritium in a 
10ÛÛ MWe PWR is thus less than 17000 Ci, out of 
which about 650 Ci are generated in the primary 
coolant and 16000 are retained in the fuel pins, 
half of it bonded to the cladding. 

TRITIUM DISPOSAL 
At thc_Kaçtor_s_it£ primary coolant watar 

mixee~wTth That o? the* first pool, of the transfer 
canal and storage pool to a sufficient extend that 
it would take years to re.ic1 levels requiring spe
cial precautions even ii nc elcase was organised 
(A). These mixing and releases enable to limit 
concentrations, in the primary circuit, below 



3xlO~ Ci per liter, and uelow 3x10 Ci per 
liter in the pool. These would be the maximums 
otherwise reached after a year. A typical run is 
exemplified by mixing S nt3 per day of pool water 
(5 Ci) in two 60 days campaigns, with 300.000 m3 of 
cooling water (about 1/10 of the total cooling 
water), keeping it's tritium content below 
I,5x;C"8Ci/liter i.e. 1/10 of C.M.A. 

At_a_repro£essjîn£ râlant loads from many reac
tors may be treated annually. Supposing that these 
loads amount, in one year, to uranium irradiated 
co 30-35 thousand MWd per ton, from fifty 1000 MWe 
(electrical) reactors, this necessitates to 
dissolve about 1600 tons of fuel and to dispose 
of 300 tons of .tircaloy, containing altogether 
80 grams of tritium. Half of it (40 g) are in the 
zircaloy (.13 ppm in weight or 4 ppm in atoms). 
This figure can be compared with measurements on 
cladding from pins irradiated to 18.500 MWd.t-' 
at 900*C that showed a .07 ppm tritium content 
by weight. 

Finally by treating the fuel from one 
reactor, one feeds in solution 200 to 300 Ci of 
tritium per ton of uranium, plus any release from 
the zircaloy. This tritium can be confined at the 
level of the first extraction and 90Z may be kept 
into about 500 to 1000 liters of waste water per 
ton of reprocessed uranium (5). 

Escape of tritium froir the cladding is 
theoretically very low because : 

a) SIEVERT'S constants (7) (8) for zircaloy-
4 between 400*C and 70C*C are low. 

b) oxidation of the surface limits this 
value (9). 

One should note however that hydridisation 
of the zircaloy occurs and can reach a level 
of 50 to 75 ppm in weight, after 500 days in a 
reactor, and increases escape of total hydrogen 
and tritium. 

But this should not be significant and sto
rage of zircaloy hulls should meet with no 
major problems from the tritium leakage point of 
view. 

DETRITIATION OF EFFLUENTS 
Figures quoted above show that total tri

tium release either directly from reactors or 
from reprocessing plants can be organised by 
dilution to be well below acceptable limits. A 
plant reprocessing the fuel from fifty reactors 
would only release part of the amount of tritium 
that is annually released in several countries as 
a consequence of using tritium paints for watch 
handles, for labelled molecules, etc... However 
this is no reason not to envisage the possibility 
of making effluents even lower in tritium if 
possible. Several processes have been considered. 

One can start from the example of the detri-
tiation plant operated at the Laue Langevin Ins
titute in Grenoble (10) (II) where the heavy water 
is kept at a 1.7 Ci per liter concentration and 
currently 21 Ci of tritium are extracted per hour. 

The ILL unit just keeps the tritium level constant 
by extracting two thirds of it and effluent 0.0 is 
still at .5 Ci per liter or si tnd i« fed back to 
the reactor. A difference in conception for 
a unit attached to the theoretical reprocessing plant 
would result from the fact it could have to bring 
the concentration down from 300 Ci/m3 by a factor 
about I0&, in order to be able to release the 
water undiluted, but would treat only a few m3 
per day. In the case of detritiation of cooling 
water from a reactor one could treat either water 
from the primary circuit or from the poor,but one 
would only have to bring down the concentration by 
either a factcr xlO 4 or xlO 3 at most. , , 

In both cases as compared with an ILL type 
plant this implies multiplying the number of se
paration stages. Processes other than the combined 
catalysed hydrogen gaz - steam exchange step, to 
drive the heavy isotope.into the hydrogen, follo
wed by hydrogen distillation, to extract the 
tritium, have to be considered. The reason is that 
in this process the first step only brings down 
the concentration by about 2 or 3 and having 8 
to 13 such stages would be costly and impractical. 

One can contemplate using any of the well 
established methods for heavy water production. 

If one considers the H-S-H.,0 exchange, though 
efficient and comparatively cheap it would intro
duce an additional H,S hasard near a reprocessing 
plant or a reactor that seems hardly acceptable. 

The alternative, and even cheaper, ammonia hy
drogen exchange, preceeded by a water ammonia 
exchange, operates under pressures of 100 to 300 
bars, therefore precautions in case of leakage may 
become to expensive. 

therefore one can envisage other processes, 
the more so as operating cost would be less strin
gent. 

Straight distillation is the process already 
used on line to upgrade heavy water reactors, 
electrolysis is well known and has a very high 
separation factor. It can also be combined with a 
catalytic exchange between water and hydrogen, or 
with distillation of hydrogen (12). 

If it proved impractical to bring the concen
tration down directly to H.F.C ,one could extract 
99% of the tritium by using a factor of depletion 
of 100 only and dilute the waste. This amounts to 
cut the volume of the low releases mentioned 
above by a 100 factor. 

The annexed table provides characteristics 
and estimated costs for several process. (Table I) 



TABLE I 

Process Operating 
tectptraturc 

•c 

Separation 
factor 

Electrolysis 

Hydrogen distillation 
Electrolysis * hydrogen 
Distillation 

Uatsr distillation 

H.S-ILO exchange 

Cas chreaatrography 

rtlre»» 

- 2*9 

60 

30 - 130* 

130* 

15-16 

1.75 

1.06 

(V 2 

2.25 

In a l l cases estimated cosrs for a 100 depletion factor 
rinse between 30 and SO dollars per cubic aeter of water. 

CONCLUSION 
Figures quoted show chat Up to now tr i t ium 

production can not be considered to be * source 
of hasards to the environment e i ther of reac
tors or reprocessing plants , but i f i t was de
s ired to improve present tr i t ium re lease f igures 
in the future techniques are avai lable that 
could enabls to achieve t h i s aim. 
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