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Abstract

Investigations were carried out on the release and deposition behaviour of
cesium from sodium pools in air-filled chamber in the temperature range of
673 to 873 K, using Cs-134 to simulate Cs-137. About 0.12 kg of sodium was
loaded in a burn-pot together with 92.5 kBq of cesium. Experiments were
carried out with 21% oxygen. Natural burning period of sodium and specific
activity ratio between cesium and sodium showed a tendency to decrease and
release fractions of both the species tended to increase with temperature. From
the surface deposited aerosols it was observed that cesium has propensity to
settle down closer to the point of release. A cesium trap has been developed for
FBTR with RVC as getter material. Absorption kinetics and particle release
behaviour studies pointed to its intended satisfactory performance in the plant.

1. INTRODUCTION

During an energetic core disruptive accident in a LMFBR, in the event of
breach of primary system boundary with in containment, liquid sodium
contaminated with fission products can catch fire, leading to release of fission
products. Among the primary risk-dominant radionuclides associated with the
release of fission products, Cs-137 occupies the third rank in view of health
hazards posed by it [1]. Cesium being highly volatile, can readily escape from
burning sodium pool and get suspended in air along with its deposition on the
inner surfaces of the containment. Review of some of the earlier works indicated
that data on release and deposition behaviour of cesium in confined air-filled cells
are scarce [2,3]. Hence experimental investigations were undertaken for
evaluation of release behaviour of cesium from confined sodium pools in air and
its subsequent deposition at different sodium temperatures in the range of 673 to
873 Kin these studies Cs-134 was used as simulant for Cs-137.
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The release of fission products into primary sodium owing to fuel pin failure can
lead to transport of radionuclides to different parts of primary circuit and
subsequent deposition at some of the locations resulting in high radiation fields
and hence complicating repair and maintenance work. By using suitable traps the
radionuclides can be removed from primary circuit, thereby preventing activity
build up. This paper discusses the results of cesium release and deposition
behaviour experiments in air filled chamber in the above mentioned sodium
temperature range and development of a cesium trap to be incorporated in the
primary circuit of Fast Breeder Test Reactor (FBTR).

2.0 CESIUM-134 RELEASE AND DEPOSITION STUDIES

2.1 Experimental

The experimental set-up consisted of a test vessel of 0.6 m diameter and 2.0 m
height (capacity 565 L) fitted with dished ends at the top and bottom as shown
in Fig. 1. A burn-pot containing 0.120 kg sodium with 92.5 kBq of cesium
dissolved in it was attached to the bottom of test vessel. It was provided with
heaters for heating sodium and thermocouples for temperature measurement.
A recorder was used for recording pool temperature and a light sensor for
detecting the light emitted by burning sodium. After each experimental run,
aerosols deposited on the inner surfaces of test vessel were collected by spraying
nitric acid solution and the amount of sodium was estimated by titrimetry. Cesium
activity measurement in the samples was carried out in cesium chlorostannate
precipitate and was measured by beta counting in an end-view GM counter. A
medium of HCl-ethanol/methanol (1:3 vol)was used to minimise carry over of
sodium along with precipitate.

2.2 Definition of terms used

Table-1 lists different terms used in this paper and their definition.

2.3 Results and Discussions

2.3.1 Natural burning period

Throughout these studies natural burning period of sodium pool in confined air-
filled test vessel was observed to decrease with increase in pool temperature as
shown Fig.2. Oxygen is consumed during combustion and hence oxygen
concentration decreases with time. Below 5% by volume oxygen cannot support
burning, resulting in self-extinction of fire. At lower sodium temperature
burning rate is less compared to that at higher temperature. So, as the pool
temperature rises, oxygen consumption increases leading to faster depletion of
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oxygen and quicker extinction of fire. Accordingly, with the increase in pool
temperature natural burning period is reduced.

2.3.2 Release fraction

Fig. 3 shows release fraction values for sodium and cesium plotted against pool
temperature. For both the species there is monotonic rise of release fraction with
pool temperature. The principal mechanism for the release of aerosols for sodium
and cesium is their vapourisation in flame zone and upward transport of oxide
particles by convective currents in the confined space. Higher the vapour
pressure of the liquid, greater is the rate of vapourisation. Vapour pressure of
both sodium and cesium rise with temperature, facilitating rapid vapourisation. In
the range of pool temperatures studied, release fraction of cesium displays a
consistent rise over the host sodium due to its higher vapour pressure at a given
temperature.

In the present work, when the pool temperature was increased from 673 to
873 K (oxygen 21% and relative humidity 70%), release fraction of sodium
increased from about 5% to 22% and that of cesium from 20% to 49% . It is seen
from the work of Kawahara et al.[3],in the same temperature range ,sodiu
release fraction changed from about 8% to 25% and that of cesium from 40% t
70% , when the experiments were conducted with 10% oxygen and 0% humidity.
Going by the fact that higher levels of both oxygen and humidity in the test
atmosphere have a tendency to suppress the release of the species from sodium
pool surface owing to formation of oxide/ hydroxide layer, the change of relea-e
fraction for both sodium and cesium in the temperature range studied in both the
works appear to be comparable.

2.3.3 Distribution of surface deposited aerosols

As the test vessel was considered as containment, aerosols deposited on top
cover, cylindrical section and bottom cover were considered as ceiling, wall
and floor deposited aerosols respectively and the corresponding deposition
fractions are depicted in Fig. 4,5 and 6 respectively.

It is observed that on the ceiling, deposition of sodium increased with pool
temperature whereas that of cesium remained more or less constant. In the case
of wall and floor, deposition of both sodium and cesium were found to rise with
pool temperature. It is noted that cesium selectively gets deposited in lower
plenum than in upper one. This can be ascribed to the fact that molecular mass of
primary oxide of cesium is about 4.6 times more than that of sodium and hence
it settles down closer to the release point. For both sodium and cesium, at any
temperature, the difference between the release fraction and surface deposition of
aerosols accounts for the suspended aerosols in gas space.
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2.3.4 Specific activity ratio between cesium and sodium

As sodium pool temperature is varied from 673 to 873 K, it is noticed that the
specific activity ratio between cesium and sodium ( a relative release measure
of the two species ) decreases from 3.9 to 2.2, as shown in Fig.7. Experimental
studies of Jordan [2] on cesium release from contaminated sodium pools in air-
filled chamber yielded values of similar magnitude for specific activity ratio. For
the test conditions reported in Jordan's work (initial oxygen concentration : 21%
and pool temperature range 773 to 973 K), available data give values of specific
activity ratio in the range of 1.6 to 3.0. At lower pool temperatures, the vapour
pressure of metallic cesium in the pool is much greater than that of sodium
and hence relatively more cesium is released from the pool compared to sodium,
giving rise to higher specific activity ratio values. But with the increase in pool
temperature, increase of vapour pressure of sodium is much higher than that of
cesium due to which larger fraction of sodium is released causing decrease in
specific activity ratio.

3. CESIUM TRAP DEVELOPMENT FOR FBTR

Prevention of activity build up by removal of radionuclides released into
sodium require development of radionuclide trap. Of all the fission products, Cs-
137 causes heavy radioactive burden, as it has high gamma energy and long half-
life, and hence it is necessary to provide a radionuclide trap for cesium in the
primary coolant circuit of fast reactors. From the operating experience of
different fast reactors it is seen that Reticulated Vitreous Carbon (RVC), with
open-pore matrix, is a good trap material for Cs-137.

3.1 Brief description of cesium trap

It consists of trap material of volume 3 L in cylindrical geometry with 0.1 m
diameter. The design flow rate of sodium is 1000 L/hr at a temperature of 433
K . A filter assembly with surface area of 0.4 square metre and 25 urn pore size
is provided at the trap outlet to avoid release of carbon particles into primary
sodium circuit.

3.2 Studies on absorption of cesium by RVC

RVC was equilibrated with sodium containing cesium in an experimental vessel
at 433 K. Cesium uptake was measured by taking RVC samples at periodic
intervals, dissolving the cesium present in RVC in water and measuring the cesium
content by atomic absorption spectroscopy (AAS).From the cesium to carbon ratio
obtained the phase that formed was calculated to be CsCg
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3.3 Particle release studies

The particle release behaviour of RVC was studied using water as medium, by
simulating the Reynolds number to obtain flow turbulence conditions as with
sodium. A stainless steel filter of 10 |im pore size was employed to collect the
particles that were released. The particles were retrieved from the filter element
by ultrasonic treatment and analysed by particle analyser of Malvern
Instruments EASY particle sizer M 3.0. The plot of particle size vs. volume
percentage is shown in Fig.8. Two peaks, one at 27 and the other at 391 u.m
particle size were observed. The weight percentage of carbon released from
RVC was calculated to be 0.09. It was also calculated that incorporation of a filter
element of 25 \xm pore size at the exit of the trap would restrict the release of
carbon into sodium stream to 0.0015 wt%.

4. CONCLUSIONS

From the results of the experimental studies on cesium release and deposition
behaviour and cesium trap development for FBTR the following conclusions are
drawn :

(1) Natural burning period of sodium and specific activity ratio between cesium
and sodium show a gradually decreasing trend with the rise of sodium pool
temperature.
(2) Release fraction and surface deposition fraction for both sodium and cesium
increase with increase of pool temperature.
(3) Of the surface deposited aerosols, cesium forms a larger fraction.
(4) Cesium tends to settle in the lower plenum closer to the point of release.
(5) For the cesium trap developed for FBTR, absorption kinetics of the trap
material was found to be fairly fast at the proposed operating temperature.
(6) Particle release behaviour of the trap has been observed to be satisfactory.
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Table 1

Terms used and their definition

Terms used Definition

Natural burning period

Release fraction of a species

Surface deposition fraction

Ceiling deposition fraction

Wall deposition fraction

Floor deposition fraction

Time elapsed between sodium pool self-
ignition and its self-extinction

Ratio of quantity of species released to
quantity initially taken

Ratio of quantity of species deposited
on the inner surfaces of test vessel
to quantity initially taken

Ratio of quantity of species deposited
on top cover of test vessel to quantity
initially taken

Ratio of quantity of species deposited
on the cylindrical section of test
vessel to quantity initially taken

Ratio of quantity of species deposited
on the bottom cover of test vessel to
quantity initially taken

Specific activity ratio between cesium and sodium

It is the ratio of (quantity of cesium/quantity of sodium) in the released part
of species to (quantity of cesium/quantity of sodium) initially taken.
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Fig.1 Experimental set-up for cesium release studies
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94


