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1] RBSTRRCT

With regard to the problems related to the cover gas of LJIFBRs, the French
position based on the experience of RAPSODIE and PHENIX can be summarized as
follows:

• 1. No particular difficulty has been encountered with impurities such as air.
The consequences of lubricants leaks were limited to the maintenance of big
components.

• 2. Concerning the contamination by radioactive species, the main source in
the reactor tank is 23Ne, but fortunately its half decay period is very short (38
s).

Two managements of fuel failures were experienced.

- On RAPSODIE, the failures were numerous for experimental purpose and - in
the absence of an efficient localization device - often simultaneous.

- On PHENIX, the fuel failure rate appears to be very low. Furthermore, the gas
analysis unit of the fuel failure localization device (LRG/gas) has been
improved steadily, which permits to localize and follow the evolution of each
individual failed sub-assembly from the very beginning of the clad failure.

For both of reactors, leaks through the roof were observed, for which
solutions were found.

• 3. The analysis equipment of RAPSODIE and PHENIX evolved to account for:
- the needs of the operator;
- experimental programs.

The experience gained permitted to select for SUPER PHENIX a simple
instrumentation.

• 4. Limited efforts have been paid to the purification techniques towards the
fission products:

- On RAPSODIE, the use of helium as cover gas allowed to use trapping with
charcoal cooled with liquid nitrogen with an high efficiency not only towards
xenons, but also kryptons.

- On PHENIX, it is not necessary to trap krypton: the release rates of 85Kr (T*
= 10,4 a) are very low, of the same order as 3 7Ar (T* = 35 d) produced by
activation, and the fuel failure localization is not performed by gas tagging.
Therefore, cooled charcoal adsorption is sufficient.

For experimental purpose, a cryogenic distillation column has been
installed at PHENIX, but has not yet been put into operation except for testing.
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• 5. Aerosol formation, transportation and trapping were considered to be of
particular concern.

- Experience proved that aerosol formation modelization was not at hand: the
effort was limited to a parametric study.

- Concerning the transportation, the sedimentation is correctly accounted by
the CEA calculation code AEROSOL A2, but not the thermophoresis.

- To avoid pluggings of annular spaces (e. g. : gaps of rotating plugs),
different technological solutions were found at RAPSODIE: helium injection,
and at PHENIX: sodium drips acting as aerosol barriers.

- For commercial reactors, it is recommended to foresee largely dimen-
sionned and easily regenerable aerosol traps, viz. condensers filled with Pall
rings or vapour traps filled with wire gauze, as well as efficient preheatings.

• 6. Radiological concerns were limited to some leakages to the RAPSODIE and
PHENIX reactor halls: simple and efficient measures were taken to avoid this
contamination.

To illustrate the absence of major problem encountered in this field, it is
only to say that, save for a peak of 8 TBq in 1976, the gaseous contamination
release of PHENIX is about 5,5 TBq/a.
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2 ] COVER GflS PIPE WORKS: DESCRIPTION, INSTRUMENTATION

The LMFBRs cover gas pipeworks consist of:
- the reactor gas plenum and the hot pipes;
- the radionuclides decay line, separated from the hot line by vapour traps;
- the radionuclides purification unit, before release to the stack;
- the analysis unit.

With regard to this general description, the 3 French reactors: RAPSODIE,
PHENIX and SUPER PHENIX have particular features that will be described
below.

2.1] RAPSODIE

2.1.1] description of the cover gas pipework (Fig. 2.1)

The reactor gas plenum is = 2 m3 ^*\
The cover gas was initially argon. Due to difficulties to rotate the great

rotating plug (ch. 5), an helium flow (- 250 i/h) was tempted successfully,
which yielded a composition of about 80% He - 20% Ar. In 1974, argon was
completely removed.

Continuous injection of gas was performed through the annular spaces of
the rotating plugs to avoid leaks of short-lived radioactive species and
aerosols. About 150 i/h were used for the the analyses, the rest being
evacuated to the exhaust valve for regulating the pressure (= 20 hPa above
pressure of reactor hall). The whole flowrate was aspirated by a compressor to
the desactivation tanks (2 tanks of 30 nr*, pressure up to 4 bars, transit time =
30 h) and the purification unit that retained the fission products before
throwing to the stack.

The hot gas pipework was maintained at 250* C to avoid sodium vapour and
aerosols freezing, with a slope to a hot collector whence the sodium dripped to
the cold storage tank. The hot pipes could be washed by liquid sodium to dis-
solve oxyde and hydride deposits (this operation was performed every 2 or 3
years).

The vapour traps between hot and cold pipes are tanks partially filled with
a stainless steel knit.

Because of problems due to air leakages, and to the absence of radionuclide
purification up to 1977, the recirculation of the cover gas was abandonned very
soon.

All the volumes are given at normal temperature and pressure.
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2.1.2] gas purification

• at delivery
Argon and helium were delivered in bottles with i 50 vpm of total impu-

rities, particularly i 5 vpm of 0 2 and H2O. A supplementary purification was

performed by bubbling through a NaK tank.

• after the reactor gas plenum
The purification unit (ch. 4) was installed in 1977. It has been dimen-

sionned for 1 year of operation with a rate of 10~2 fuel failures.

• before release to the stack
The gas to be released is collected in a 1000 m^ volume, filtered on abso-

lute filters (glass gauze) and controlled (a , p and / measurements).

2.1.3] gas analysis

The instrumentation was essentially experimental and fitted to the needs
of the operators and of the experimentators.

• analysis of inactive impurities

o oil detector (Fig. 2.2)
In case of fissuration of the compressor membrane, some oil can be carried

along the gas pipework.
Principle: A glass plate, covered by a wire gauze is placed perpendicularly to
the gas flow. In the absence of oil, the light emitted by a lamp is reflected by
the glass plate. In the presence of oil, that stretches out on the wire gauze by
capillarity, the light diffuses in the wire gauze. The change is observed by a
photoelectric cell that delivers an alarm.

^ ENSPECT (enrichment/mass spectrometry)
was used to measure the stable xenons emitted by failed fuel and to facilitate
the localization of the failed subassembly. Experimental fuel elements were
tagged. For the others, stable gases measurements allowed to determine the
burn-up of the failed element, which helped for localizing.
The enrichment was performed with charcoal traps cooled by liquid nitrogen (a
few hours), then the charcoal was heated for desorption, and samples were
taken for mass spectrometry analysis.

o gas chromatograph
was used to survey eventual leaks of compressor membranes (increase of the
nitrogen signal in case of air entrance) and bellows of control rods (increase of
the argon signal). Normal operating values were about 100 vpm of nitrogen and
argon. I t could reach 3000 vpm of nitrogen after a fuel handling campaign.

The hydrogen measurements were made difficult by the presence of neon;
the detection limit was about 500 vpm. Methane was not measured.

-25-



P. MICHAILLE, R. CLf RC : French experience of cover gas of LMFBRs - p. 5 -

• analysis of radioactive species

$ Ionisation chamber (MX 32)
It measures continuously the global (p , j) activity of the cover qas that

circulates in it. A delay line allowed the radioactive decrease of ^Ne. The
change of argon to helium as cover gas decreased the sensitivity by 4, helium
being less ionizing. This was not an inconvenient for the detection of low con-
tamination levels, since it was compensated by the lowering of the 41Ar back-
ground level. On the other hand, it permitted to measure higher contamination
levels before reaching the saturation of the ionizing chamber.

o Gammachromatograph
A sample of cover gas is drawn by a gas carrier to a chromatographic

column for separation of Ne, Ar, Kr and Xe. Gammametry is then performed by a
Nal cristal. The cycle of sample selection, chromatography and gammametry is
performed automatically.

o Gammaspectrometer "COSINUS f
It was used experimentally with a Ge-tt detector.

o PM radon
It detects the cc emission of radon used for tagging.

• analysis of samples
- small volume of gas (10 cm3) for direct gammaspectrometry;
- big volume of gas for mass-spectrometru;
- paper filters for radioactive aerosols (8°Rb, 138Cs).

2.2] PHENIX

2.2.1] description of the cover gas pipework (Fig. 2.3)

The cover gas is maintained at an overpressure of 5-50 hPa, with a normal
regulation between 15 and 40 hPa. The normal flowrate is 7 m3/h, occa-
sionnally 20 m3/h in case of fuel failure.

2.2.2] purity at delivery

Argon is delivered liquid with the following specifications:
nitrogen < 30 vpm hydrogen < 5 vpm hydrocarbides < 1 vpm
oxygen < 20 vpm helium <5vpm
water < 15 vpm CO , CO2 < 5 vpm
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2.2.3] purification

At the exit of the primary tank, the argon flows through a condenser-
separator filled with Pall rings (ch. 5) where it is cooled to 130'C, then
through a filter consisting of 4 p o r a l ^ cartridges (porosity = 20 urn). Both
devices are preheatable and regenerate.

2.2.4] desacttvation

The argon then flows through the primary sodium storage (6 tanks of 100
rrr5) that plays two roles:

- decay of fission products;
- pressure absorber in case of failure of argon supply during a scram.

2.2.5] decontamination

I t is performed by the purification unit (charcoal cooled by liquid nitrogen).
The efficiency is 99% for Xe, 1% for Kr. The unit is dimensionned for 1 year of
operation with a rate of 10"3 of fuel elements failures. The trap is regenerated
by heating. The gas is stored in a 1,6 m 3 pressurized tank (2-3 bars) before
being delivered to the stack.

2.2.6] analyses

The comprehensive gas analysis unit (Fig. 2.4) consists of:
- 2 ionisation chambers (one for the reactor gas plenum, the other for the
outlet of the purification unit surveillance); their signals are recorded in the
control room of the reactor;
- a gammachromatograph (see RAPS0D1E); the signals are recorded on a central
computer;
- a gammaspectrometer with a Ge diode, for particular needs;
- a mass spectrometer, used to discriminate the failed subassembly from the
group of three localized by LRG/gas, by estimating the burn-up;
(The tagging has been abandonned very soon for cost reasons.)
- a chromatograph used to survey the air-tightness of the pipework after works
of maintenance. The only cases when oxygen was observable were leaks of the
compressors membranes. Hydrogen has been detected after important handlings
of components. Methane is not surveyed continuously.

As shown on Fig. 2.4, the gas analysis unit can be used to survey the diffe-
rent parts of the gas pipework.

"poral" : sintered stainless steel
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2.2.7] the LRG/gas device

This analysis device specific to PHENIX is an extension of the LRG plug used
to localize the defected subassemblies by delayed neutrons (Fig. 2.5) [1].

The fission gases carried by the sodium are separated by the means of a
counter current degassing column and analysed by the gas analysis unit. Its
poral filter having been plugged by aerosols at the start up of the reactor, it
was only operational in 1980. Due to the short life of the filtration device
before regeneration is needed (ch. 5), the LRG/gas is used only in case of an
increase of the signal of the ionisation chamber and a confirmation by the
gammatograph of the presence of xenons.

The scanning period of the 41 positions has been reduced by increasing the
rotation speed of the selector: a normal complete rotation is now achieved in
45 minutes, and the signal is still readable when the scanning period is reduced
to 15 minutes.

The best illustration of the efficiency of this system is the fact that it has
been possible to localize a failed subassembly some minutes after a reactor
scram due to the delayed neutron detection system (Fig. 2.6).

2.31 SUPER PHENIX

2.3.1] description of the cover gas pipework (Fig. 2.7)

The overpressure is regulated between 70 and 110 hPa. The flowrate is
normally 10 to 25 m3/h and can peak exceptionnally at a maximum 130 m3/h in
case of start-up. The reactor gas plenum has a volume of 500 m3 and a
temperature of 450'C in normal operation. Argon is cooled to 70*C in a tank of
40 m3 containing - 15 m3 of frozen sodium (used for washing the separating
column), then passes into three 580 m3 tanks that can be used to empty the
primary sodium, and through two parallel filtration devices.

2.3.2] purification

o Towards oxygen: by sweeeping through a tank filled with knitted
stainless steel doughnuts and NaK in which argon bubbles.

o Towards aerosols: at the outlet of the primary tank, argon sweeps
through a condenser-separator. The filtration devices are equipped with 8
PORAL cartridges containing each 19 tubes of 20 urn porosity (ch. 5).

o Towards radioactive species: the 2 purification units (charcoal cooled by
liquid nitrogen) (ch. 4) are planned for a decontamination factor of 104 at 20
m3/h and 0,5. 104 at 130 m3/h, xenons being considered to contribute to 99%
of the total activity to be treated.

An annual regeneration at 150*C is planned. The desorbed gas can then be
stored 3 - 4 months in 10 m3 tanks before release, if necessary.
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2.3.3] analyses

• of the cover gas

A continuous sampling plug (Fig. 2.8) is equipped of two parallel lines: one
in operation, the other in regeneration or stand by. The inner cold trap is
regenerate (at 280*0, the poral filter not. The normal transit time at nominal
flowrate (30 i/h) is 14 min to suppress ^Ne . The flow is then divided in 2
parts:

o 1 /3 goes through a ionisation chamber (p , j) that permits to follow the
range 0,7 - 0,7.106 MBq/m3 and delivers an alarm at 700 MBq/m3 ;

o 2/3 flows In front of a gammaspectrometer (Ge diode + IN 96B
computer). It can work either with a fixed period (1 h) in the absence of
cladding failure, or with a predetermined counting in order to avoid saturation
of the multichannel analyser. The treatment necessitates 8 - 10 min for
achieving: automatic research of the peaks, comparison with the recorded
table, output on BENSON plotting table and on the core surveillance computer
CORA. It delivers a message of good operation, based on the surveillance of z
liquid nitrogen level, low voltage, high voltage, electronic chains.

Sampling into bottles is possible for other measurements.

• before release to the stack

- total p + jr measurement with recording and alarm in the control room;
- continuous surveillance of the activity integrated on filters and charcoal
cartridges.
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3] FISSION/flCTIVflTIQN PRODUCTS flND TRRNSPORT

3.URAPSODIE
3.1.1] Activation products

Changing the cover gas from argon to helium offered the following
advantages:
- the background level of the ionisation chamber was lowered: from 15 GBq/m3

to - 0,5 GBq/m3 ;
- the separation of argon and krypton by chromatography was improved ;
- the influence of 41 Ar on gammametry of kryptons and xenons was suppressed
- the enrichment before mass spectrometry was improved .

3.1.2] Fission products
In case of several cladding failures simultaneously present in the core, the

total activity of the cover gas reached = 7 TBq/m3 [200 Ci/m3]. Apparition of
new failures has been frequently observed by mass spectrometry (importance
of stable xenons, in case of a high burn up pin), since it was difficult to
discriminate between new and old signals from gamma-measurements only.

3.2] PHENIX
3.2.1] Activation products

• 2 3 Ne (T* - 38 s)
Current measurements show an activity of 5 - 7 TBq/m3 In the cover gas.

This low value compared to production can only be explained by an important
delay for coalescence of the atoms and degassing (T» * 50-80 min).

• 4 ! A r ( T * = i lO min)
The activity of 4 1 Ar extrapolated from RAPSODIE (direct activation of the

cover gas) proved to be underestimated by several orders of magnitude in com-
parison to the measured \ ,5 GBq/m3 [40 mCi/m3]. To explain this discrepancy,
it was first assumed that the cover gas of the pumps could be carried along by
the vortex and activated when flowing through the core. Recent calculations
showed that the activity of 4 W could be explained only by (n,p) reaction on
4 1K (the potassium content of the sodium is = 200 ppm, among which 6,9 % of
4 1 K ) .

The degassing constant of argon was analysed during a fast shut down of
the reactor: after a small peak, the activity decreases with an exponential
asymptote (Fig. 3.1). I t is interpreted by the use of two degassing constants: a
nominal constant when the reactor is in operation, and a higher constant at the
moment of the shut-down (possibly due to the coalescence of the bubbles when
the sodium cools).

The adjustment of the calculated curve to the measured values yielded a
nominal constant of 2,4.10"4 s""' (T* Z 48 min), and a shut-down degassing
constant about 3 times higher.
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The fact that the nominal degassing constant has a comparable value as the
neon's is in favour of a similar mechanism of formation: activation of single
atoms, rather than of argon bubbles for which one could expect a higher degas-
sing constant.

• 3 7 A r (T* = 35 d)
It has been measured by gas sampling at a level of 0,2 ± 0,03 GBq/m3.
The possible formation reactions are:

3 7

(n,oc) 37Ar (3).
3*

le formation reactions
36Ar (n,jr) 37Ar (1);
38Ar (n,2n) 37Ar (2);
^ 3 7

Calculation of direct activation of 3*>Ar in the cover gas yields a value
3.108 times lower than measured. Supposing qas carrying (e.g. by the vortex of
the pumps) with a flowrate estimated from >̂ Ar measurements yields a value
3000 times lower than measured.

Reaction (2) does not take place in the cover gas, since it requires high
energy neutrons. It should presumably be insufficient to account for the
measured value in the case of gas carrying.

On the other hand, calculation with reaction (3) and a sodium content of 5
ppm of calcium - which is the high" limit specified for "nuclear grade" sodium -
yields 0,16 GBq/m3 , close to the measured value.

3.2.2] Fission products
The activity level of the cover gas of PHENIX is much lower than at

RAPSODIE: * 0,4 TBq/m3 [10 Ci/m3] is the maximum measured, but it is
generally much less. One reason is obvious: the cover gas volume is 20 times
greater (in operation: 40 m3 compared to 2 m3). In addition, each failure can be
individually localized as well by gas as by delayed neutrons with the LRG
device. The fission products' activity level recovers the background due to
superficial pollution of the pins (some MBq /m3) when the defected sub-
assembly is handled out of the core.

Contrarily to the activation gases (and to the fission gases due to
pollution), the fission gases escaping from a failed pin are assumed to form
bubbles. A model ("BOUFFON") has been checked that supposes no degassing
delay, only diffusion through a tiny hole in the cladding. Adjustment is made on
5 continuously measured isotopes (133, 135, 135m xenons; 85 and 87 kryptons)
of the following parameters:
- equivalent diameter of the hole (common to the 5 curves),
- fuel release rate (one for each curve).

In the example presented (Fig. 3.2), the equivalent diameter is 7 urn. (At
RAPSODIE, current equivalent diameters were found in the range 1-4 |jm.)
Surprisingly, the calculated release rates from fuel are similar (in the range 4
- 11 %), without correlation with the radioactive decay constant.
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4 ] COVER GflS PURIFICRTION TECHNIQUES

4.1JRAPS0DIE

No particular measures were taken before 1977, save decay and eventual
storage before release to the stack. Due to the increasing number of experi-
mental fuel irradiated up to failure, a purification unit was then put into ope-
ration (adsorption by charchoal cooled by liquid nitrogen). Combined with the
change to helium as cover gas, the advantages to use cryogenic charcoal
appeared to be:

- good efficiency not only towards xenon (« 100%),
but also for krypton 0 80 %);

- low investment cost in comparison with other methods (cryogenic
distillation, solvents);

- simplicity to use;
- low operation costs;
- small volume.

Two traps were used (one in operation, the other in regeneration by heating
or in.stand-by) at a working temperature of 78 K (-195*0, authorized by the
use of helium as carrier. The desorbed gases could be stored before release to
the stack in 4 storage tanks of 150i. The consumption of liquid nitrogen was
lOi /h .

4.21 PHENIX (Fig. 4.1)

4.2.1] cooled charcoal adsorber

It works with the sweeping argon flowrate of 7 to 20 nrVh. The gas is
filtered on an absolute filter (glass gauze), flows through the economizer (an
argon-argon exchanger), then through the cooler (argon coil immersed in liquid
nitrogen at 103 K l-170'C]) before entering the adsorber (6 i of charcoal under
4 bars ). It goes out through the economizer and an absolute filter. The charcoal
can be changed (the valves are remote controlled).

Its efficiency towards xenon is 99%.

4.2.2] cryogenic distillation pilot

Since the charcoal adsorber has no practical efficiency towards krypton, a
cryogenic distillation unit has been studied and installed on the reactor (Fig.
4.2). It has just been checked but it is not used continuously, because there is
no necessity in normal operation:
- the activity releases measured up to now are low (ch. 6);
- no tags are used for fuel failure localization (ch.2).
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The results of the cryogenic distillation pilot have been presented in 12]:

First, binary argon-krypton mixings were studied, with Kr volumic concen-
trations of 5.10"9 to 5.10"7 . Then, the influence of xenon and of other impu-
rities has been measured : helium, nitrogen, oxygen, methane, carbon dioxide,
water.

The purification factor obtained towards krypton was much higher than
104, which Is the performance required in the RNR 1500 project, and was not
influenced by xenon up to volumic concentrations of 10"4.

At high xenon concentration (> 2.10"^), the solubility limit is reached, and
cristate are formed. They can plug pipes, as observed on the device for contro-
ling the level of liquid argon by pressure difference. To avoid this problem, two
captors were tested: a resistive and a capacitive. The latter was recommanded
for its precision, reproductibility and space occupied.

Helium and nitrogen have no effect on the operation of the column, nor do
carbon dioxide nor water. Oxygen is partially retained, but the ozone content
measured after 6 months was very low.

Finally, only methane was found to potentially perturb the operation of the
distillation column: it is trapped totally in the boiler, where its cristailisation
can create pluggings of the ancillary pipes, and of the column in case of big
bursts.
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5] SODIUM RER050LS

5.11 EXPERIMENTAL RESULTS [3]

5.1.1] concentration of aerosols in the cover gas

We have no quantitative model to predict the formation of aerosols.
From a parametrical study performed in GULLIVER facility (0tank- bin) (Fig.

5.1), the factors favorizing the formation of aerosols were found to be:
1 ] the sodium temperature;
2] the temperature gradient in the cover gas:

at TNa = 530'C , a diminution of T r o o f from 525 to 405'C

causes an augmentation of the aerosol concentration by a factor 2 ;
3] the araon temperature:

an augmentation from 120*C to 525'C
causes an augmentation of the aerosol concentration by a factor up to 3 ;

4] the argon flowrate:
an augmentation from 10 m3 /h to 130 m3 /h
causes an augmentation of the aerosol concentration by a factor 3,3 .

5.1.2] behaviour of the aerosols

The phenomena taken into account in the French code "Aerosols A2"
developped by CEA/DEMT are [3]:

1] sedimentation (Stoke's law);
2] wall deposition by Brownian diffusion and thermophoresis (Brock's law);
3] particle coagulation by gravitational settling, Brownian diffusion and

turbulent gas motion;
4] impacts in bends.

A comparison of the Aerosols A2 calculations with experimental measu-
rements was performed on two cases:

11 Deposition in pipes.
The experiment was performed in the loop ECOSSA (21m long, 0 = 80 mm, 9
bends at 90*). The preheating of the pipes allowed to avoid thermophoresis.

The agreement lies within a range of * 2.

21 Deposition on cold surfaces.
The experiment was performed on a cylindrical cell placed in GULLIVER (Fig.
5.2). The dimensions of the cell are: 0 = 35 cm, h = 14 cm. The temperatures
were: TN a = 180*C, T A r = 108#C, T c e l l = 55-65'C.

- A good agreement was found for sedimentation on horizontal plate (factor
2 to 3).

- The deposition on vertical walls by thermophoresis was highly over-
estimated.
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5.2] AEROSOLS TRAPPING DEVICES
They should be dimensionned in accordance with the mass of aerosols to

trap but, since this is difficult to predict (e.g. the concentrations obtained at
PHENIX were higher than expected from experiments in facilities), their design
depends actually from the argon flowrate:
• no flowrate: small traps to protect the measurement apparatus (e.g. pressure
gauge);
• occasionnal argon flow (expansion tanks): traps of greater size and of simple
conception, depending on the peak flow;
• low argon flowrate (clad failure detection pipework: 30 to 300 i /h):
The vapour traps (Fig. 5.3) consist of an envelope of wire gauze filled with
knit ^ . In the new design, only two concentrical cylinders of wire gauze are
used. The gas is filtered at inlet and outlet by "porals".

This type of traps were studied and developped on the PAVANA loop [4J.
• high argon flowrate (20 to 130 m3/h) : a condenser-separator is used
(Fig. 5.4). It consists In a cold trap cooled by air, filled with Pall rings. The
sodium flows into the cold tank, the argon Is filtered at the exit by "porals".

This type of traps were studied and developped on the COPACABANA loop
(for PHENIX). The SPXl separating column was Investigated on ECOS5A loop on
GULLIVER; at high flowrate (50 nr /h) , the trapping efficiency was 98,6% .

To prevent the ingress of aerosols into annular spaces, the lower part is
designed to get plugged by a liquid sodium seal contained in a drip receiver [4]
(Fig. 5.5).

5.3] EXPERIENCE OF RAP50DIE [5]

5.3.1] Plugging of the annular space of the great rotating plug
Since the very first year (1967), ft was necessary to heat the lower part of

the rotating plug (Fig. 5.6) above 100'C and to perform rotating movements
during its cooling.

In 1969, even the upper part of the rotating plug had to be Increased up to
1 OO'C, which proved a progression of the aerosols.

The decision was then taken to Inject a flow of helium (200 i/h) in the
upper part of the annular space: this suppressed the difficulty to rotate the
plug. The observed effects were:
- the reduction of the diametral temperature dissymetrles (the temperature
difference decreased from 80*C to 10*C),
- the stratification of the axial temperatures,
- the suppression of the free-convection currents,
- a barrier of density.

(*) "knit" : stainless steel knitted wire
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A gas sweeping stop during two days showed no influence on the
temperatures: this proved that the important fact was the presence of helium,
not the sweeping flowrate. (However, the leaks through the metallic bond
necessitate a dynamic barrier.)

In 1974, argon was completely removed for other reasons (ch. 3 & 4)
without consequences concerning the temperatures of the great rotating plug.

On the other hand, the small rotating plug caused no problem - although the
gap was similar : 15 mm compared to 16 mm.

5.3.2] observations in the gas pipework

The flowrate was normally * 150 i/h but could reach 6 m3/h at maximum.
The hot pipework was preventively cleaned by circulating sodium at 250*C

every 2 or 3 years.
The filtration equipment consisted initially of a NaK pot where the

condensation of sodium vapours was performed by bubbling. After plugging of
this device, the pipework was modified: aerosols trapping was then performed
by a mere decantation in the 30 m3 storage tank and a filtration by poral at the
outlet of the tank.

The vapour trap on the pipework for cover gas surveillance had to be
regenerated several times per week, and finally plugged.
The design of the trap was changed (Fig. 5.7). At the time, the use of a helium
atmosphere diminished the concentration of aerosols. Furthermore, the vapour
trap was integrated in the small rotating plug, which prevented air entrance
and suppressed the necessity of regeneration.

5.3.3] observation of the reactor gas plenum

Pictures of the deposited aerosols have been taken at various times:
- m 1977, on the control plug that was removed;
- in 1981, just below the slab;
- in 1985, after sodium emptflng.

The layer reaches a few cm on the vertical walls of the tank and of
components and on horizontal plates.

5.4] EXPERIENCE OF PHENIX [5]

5.4.1] Rotating plugs

The gap of the annular space is 45 mm. Two endocopic examinations
performed in October 1974 and august 1975 showed no noticeable change of the
sodium layer (2 to 3 mm).
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5.4.2] Control rod mechanism

The deposit of sodium compounds along the annular space of one type of
control rod (not equipped with a bellow tightness) ceased when the argon
sweeping was stopped: it appeared to be preferable to leave the argon
atmosphere static.

5.4.3] Sodium trapping devices

11 condenser-separator
During the reactor start-up tests, pluggings occurred very fast in the outlet

filter of the condenser-separator at a flowrate of 50 nr*/h (the aerosol con-
centration was 5 times higher than that of the facility on which the condenser
-separator was tested at Cadarache). This was solved by the following mea-
sures:

- increase of the inlet line temperature up to 350'C;
- increase of the outlet line temperature up to 300* C;
- decrease of the argon flowrate to 7 rrP/h (Jn case of contamination due to

clad failure, it can be increased up to 20 m3/h).

21 vapour trap of the cover gas surveillance pipework : no problem.
The two 10 I traps filled with knit work properly in parallel: one is in ope-
ration for 100-150 h, the other is being regenerated or stands by.

31 vapour trap of the LRG/qas plug
The poral filter at the outlet of the vapour trap (2 tanks filled with knit)

plugged very early at the start-up of PHENIX, which showed that the vapour trap
was not efficient enough.

Both were changed tn 1980. The new vapour trap had no knit but Just two
cylindrical wire gauzes (Fig. 5.3). The poral filter still plugged rapidly. The
surface of the poral filter was then increased by 3-4 (cartridge of cylindrical
filters) which permitted to perform 50 scannings before plugging. A recent
improvement was found by operating the vapour trap at a lower temperature
(45*C instead of 95*C): the poral filter should not plug before several months,
and the vapour trap has to be regenerated once a week.
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6 ] RflDIQLOGICflL CONSIDEHflTIQNS

6.1] RADIATION LEVELS

6.1.1JRAPS0DIE

It appeared that, in case of a high activity level of the cover gas, the
reactor hall was contaminated. The cause of the leakage was attributed to the
powder formed in the metallic bonds of the rotating plugs. A collector of
contamination (COCON) was built on the roof and the collected contamination
released directly to the stack.

The change of cover gas (argon to helium) did not increase the leaks, but a
dynamic barrier had to be maintained by sweeping about 200 i /h.

6.1.2] PHENIX

On a few occasions, a gaseous and dust activity has been measured in the
reactor hall. It peaked at 1 MBq/m3 of gas (essentially xenons) and 2 kBq/m3

[88Rb].
The leakages (e.g. passages of thermocouples wires) were localized and

plugged. Two supplementary measures are usually taken in case the activity is
higher than A GBq/m3: the flowrate of sweeping argon is increased (from 7 to
20 m3/h), and the overpressure of the reactor plenum is decreased to the
minimum value (5 hPa). This measures appear to be sufficient to lower the
activity in the reactor hall below the maximum admissible concentrations.

6.1.3] SUPER PHENIX

The activity in the purification unit is calculated to be 300 TBq at a 12 m3/h
sweeping flowrate (500 TBq at 25 m3/h) at equilibrium with nominal failures
rates, and to peak at double values during transients.

6.2] MAINTENANCE CONCERNS

6.2.1] consumption of fresh cover gas

The consumption of helium at RAPSODIE appeared to be about A times
greater than evaluated on the basis of the 200 i /h sweeping flow. The argon
consumption was also higher (by a factor of about 4) than the theoretical flow,
due to leaks in the dynamic bonds. To suppress leaks by evaporation, argon was
delivered in bottles.
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6.2.2] radioactivity of the aerosols

After 24Na decay, the activity of the sodium aerosols is mainly due to 22Na
and also to 134Cs and'37Cs, because of a high enrichment factor.

Measurements were performed at RAPSODIE in 1977 on samples taken on
the control plug that was changed. Enrichment faptors of 100 to 400 were
obtained.

After the sodium emptilng in 1985, 3 samples were taken:
(A) under the great rotating plug (Toper = 300*C);

(B) on an anti-sodium stopping of the great rotating plug (Toper - 355*C);

(C) under the small rotating plug (Toper = 300'C).

The measurements of 22Na, 134Cs and 137Cs are very similar on the three
samples. The activity of 22Na appeared to be the same as measured by
TASTENA at 400%C in the primary sodium of RAPSODIE in January 1982 (taking
into account the decay rate). Furthermore, the ratios l'34Cs]/['37Cs] in the
aerosols and in the sodium were found to be very close. These two facts
suggest that the aerosols were formed a short time before RAPSODIE stopped.

The following activities (expressed in MBq/kg at beginning of January
1982, when the reactor was definitively shut down) were obtained:

aerosols TASTENA

15
310
6300

15
2,1
44,4

22Na
134Cs
137Cs

The ratios lCs]aer0S0|/ [Cs]Na are « 150.

6.2.3] contaminated carbon deposits

At RAPSODIE, the decontamination of the upper part of primary pumps was
made difficult by the presence of a carbonated deposit - due to small lubricant
leaks - that fixed cesium. It could be removed only by scrubbing.
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6.3] RELEASES TO THE ENVIRONMENT

6.3.1] RAPSODIE (Fig. 6.1)

Three periods of time can be considered:

1) until 1974: desactivation volume = 2 x 4 m 3 .
The annual release peaked in 1971 (first year of

operation with FORTISSIMO, 40 MW) at: 130 TBq.
2) from 1974 to 1977: desactivation volume = 30 m 3 .

The annual release peaked in 1976 at: 85 TBq.
3) after 1977: purification with charcoal.

The annual release peaked in 1977 at: 40 TBq.

The releases were mainly (80-98 %) due to 1 3 3xe.

Concerning the internal contamination of the personnel in 10 years, traces
of contamination were measured 95 times, among which 75 due to ' 3 7Cs. Only
7 cases were above 50 uSv [5 mrem}.

6.3.2] PHENIX (Fig. 6.2)

The gaseous release is 65 TBq [1770 Ci] in 12 years:
annual average = 5 TBq,

with a peak at 8 TBq /a in 1976.
(Authorized figure: 400 TBq 111 000 Ci].)

6.3.3] SUPER PHENIX

The following annual releases (TBq) are planned with a gaseous
flowrate of 12 m 3 /h : 133Xe : 0,2 ; 3 7 A r : 11 ; 8 5Kr : 11 . total = 22 TBq.
(Authorized figure: 220 TBq [6 000 Ci].)
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Fig. 2.1 : Cover gas pipework of RAPSODIE

GO
I



Fig. 2.2 : Oil detector of RAPSODIE
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-Fig:2.3- COVER GAS PIPEWORK OP PHENIX
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-Fig:2.4- GAS ANALYSIS UNIT OF PHEN1X
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-Fig2.5- FUEL FAILURE LOCATION (LRG)
AND GAS PLUG OF PHENIX
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-Fig:2.6- EXAMPLE OF LOCALIZATION BY LRG/GAS OF PHENIX
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Fig. 2.7 : Cover gas pipework of SUPER PHENIX
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Fig. 3.1 : Degassing curve of 4 I Ar at PHENIX
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Fig. 3.2 : hodelisation of the release of gaseous ftssfon products
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-Fig:4.i- PURIFICATION PIPEWORK OF PHENIX
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-Fig*.2- SCHEME OF THE CRYOGENIC DISTILLATION OF PHENIX
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Fig. 5.1 : The GULLIVER facility
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Fig. 5.2 : Aerosol deposition cell in GULLIVER
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thimble

Fig. 5.3 : Schemes of vapour traps
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Fig. 5.4 : Scheme of condenser-separator
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Fig. 5.5 : Annular space experimental plan

Annular spptc

Mi.\Q\ strip

Drip receiver

- 5 9 -



Fig. 5.6 : Rotating plug of RAPSODIE
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Fig. 5.7 : Scheme of vapour traps of RAPSODIE
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Fig 6.1 : Gaseous releases of RAPSODIE
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-Fi96.2- GASEOUS RELEASES OF PHENIX
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