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INTRODUCTION

The major effort being made in Italy with regard to
the development of fast nuclear reactors is concentrated, as
is known, in the construction of the PEC reactor, whose mech-
anical completion is expected early in 1988.

The 116MWt PEC (Prpva Elementi di Combustibile; i.e.
Fuel Element Testing) reactor is sodium cooled. It is being
built to study the behavior of fuel elements under thermal and
neutronic conditions similar to those of fast nuclear power
stations. Particular attention is being dedicated to safety
aspects.

This document furnishes a number of construction solu-
tions with regard to that reactor and preparatory approaches
to its operation, namely:
- a brief description of the construction solutions as far as
concerns the Closure Head Assembly and the cover gas circuit
together with its main components;

- the description of some test facilities arranged for abate-

ment and measurement of sodium aerosol concentration.

-a number of preliminary evaluation results obtained thus far
with regard to the formation, transport and depositing of
sodium aerosols.

With reference to the latter type of activity in
particular, whose program is in the process of being defined,
a strategy based on the following points has been defined for
purposes of readying the PEC reactor for startup' and opera-
tion:
- evaluation of the sodium vapor and aerosol penetration

characteristics (through the utilization of knowledge avail-
able internationally) in relation to the geometries present
and estimate of the.possible effects to the main components
due to the transport itself;

- programming of tests to confirm the estimates made.
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1. PEC REACTOR CONSTRUCTION SOLUTIONS

DESCRIPTION OP THE CLOSURE HEAD ASSEMBLY AND OP THE
COVER GAS CIRCUIT

1.1 CLOSURE HEAD ASSEMBLY

The Closure Head Assembly of the PEC reactor vessel
consists of a fixed plug and a rotating plug. The latter is
centred in the former.

The fixed plug is traversed by the 12 penetrating
structures of the Core Blocking Device, whose main function»
during the power generating operation, is the const-itution
of a fixed datum points for the fuel elements and the constitu-'
tion of a supporting device for the control instrumentation.

The rotating plug is traversed by the Central Channel
forming part of the test circuit and by 12 other penetrating
structures, namely 11 Control Rod Driving Mechanisms and 1
Fuel Charge Machine.

The two plugs consist of containers made from AISI 316
steel with several layers of AISI 304 type steel, argon and
two layers of graphite. Figure 1 shows the detail of the
positions of said layers (1).

1.2. COVER GAS CIRCUIT

The cover gas circuit consists essentially of a separ-
ation column, two vapor, traps and a final filter of poral.

The separation column (condenser-separator) is .a
vertical cylindrical column 3210 mm high and 1380 mm in
diameter filled with stainless steel rings, into which the
argon enters at 550°C and leaves at 130°C(Fig. 2). The two
vapor traps, which operate alternately, consist of a vertical
. cylinder 1500 mm high and 300 mm in diameter, in which the gas
enters at 130-110°C and leaves at 60°C. As shown in Figure 3,
separation of sodium vapors from the* argon is effected by 7
flat steel screens having different hydraulic and mesh-wire
diameters.

Figure 4 provides an overall schematic of the cover
gas circuit. The design flow rate of the argon in the cover

3
gas circuit is 15 Nm /h. Almost all the sodium vapor being
transported by the argon is separated in the circuit's con-
denser-separator column. The latter was designed on the basis
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of the results obtained from tests carried out within
of ENEA - CEA- agreements on the French PAVANA AND COPACA-
BANA circuits. Said tests indicated, for the geometry (a 40cm
thick argon ceiling) and for the operating conditions (T =

Na
3

550°C, argon flow rate = 15 Nm /h) of the PEC reactor
vessel, a possible maximum concentration of sodium in incoming

3
argon equal to 30 g/m STP (2)(3)(4).

2. TESTING EQUIPMENT SET UP TO MEASURE THE SODIUM AEROSOL
CONCENTRATION

Measurement of the sodium aerosol concentrations was
deemed necessary at the present state of the tests beinq
conducted by ENEA, for purposes of carrying out two types of
activities:
- tests on the manipulation in the CPC-1 transfer cell at the

Brasimone Research Centre;
- operation of the sodium disposal plant at the Casaccia
Research Centre.

A brief description follows with reference to the
equipment set up and to the activities carried out thus far.

This is preceded by a description of the measurement
instrumentation utilized for the purpose.

2.1 DESCRIPTION OF THE INSPEC INERTIAL SPECTROMETER

With the aim of characterizing the aerosols use was
made, in addition to the traditional fume samplers, of two
different versions of a granulometric separator called
Inertial Spectrometer.

In its first-version, this instrument, called INSPEC
(INertial SPECtrometer), consists of a funnel of rectangular
cross section which terminates at the base with a 90° bend
that connects the funnel to a chamber in which the separated
particles are accumulated.

The second version of the instrument, called HF-INSPEC
(High-Flow INSPEC) inasmuch as it makes possible the sampling
of gas flows up to 400 1/h, is conceptually identical to the

first except that the purified (carrier) gas circulation
funnel has the form of an 'annular funnel1.
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The operating principle of these instruments is the
following:
the funnel and accumulation chamber beneath are traversed by a
flow of filtered gas. The aerosol sample, is blown in at a
rate equal to some hundred cc/min for the INSPEC; whereas
the HF-INSPEC, whose sampling rate is hundreds of 1/h, is
introduced into the gas flow in proximity of the mouth of the
funnel which terminates with a lesser bend radius. The parti-
cles in suspension, when passing through the curve in the
duct, tend by inertia to maintain their velocity and direction
of travel but are dragged along by the flow. They therefore
move away from the direction of the thread of fluid with which
they had been introduced, a distance that is a function of the
aerodynamic diameter alone. The accumulation of the particles
separated is obtained when the flow is made to pass into the
accumulation chamber onto a suitable filter. The distance at
which the particles are deposited onto the filter, for a
preset flow rate of transport gas, is a function only of
particle diameter. When using the INSPEC model a linear
separation of the paricles is obtained. When using the high-
flow model, on the other hand, inasmuch as the accumulation
filter is circular, a radial distribution is obtained which is
a function of the particles' aerodynamic diameter.

Figures 5, 6, 7 and 8 respectively show the flow
diagram, the cross section, the operating diagram and a number
of the INSPEC's calibration curves for various rates of gas
flow into the instrument.

Figure 9 shows the cross section of the HF-INSPEC

2.2 CHARACTERIZATION OF SODIUM AEROSOLS IN THE CPC-1 TRANSFER
CELL OF THE BRASIMONE C.R.E.

An aerodynamic characterization was made by Inertial
Spectrometer of the aerosol present in the atmosphere rendered
inert of the CPC-1 cell of the ENEA-Brasimone Centre.

The aerosol concentration was obtained by total
sampling on a membrane filter and proved to be 0.126 ppm of

3
sodium, equivalent to 0.16 g /m .

The sampling period using the INSPEC was extended over
48 hours at a sampling rate of 15 litres per hour.
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The deposit filter was divided into eight sectors,
each corresponding to a very exact granulometric interval as
follows:

Sample No. Aerodynamic Diam.
(micron)

<
0.7 -
1.4 -
2.2 -
3.5 -
5.2 -
7.0 -

0.5
0.5
0.7
1.4
2.2
3.5
5.2
7.0

Range Cone, of Na Sol'n
(ppm)

0.01
0.0018
0.0022
0.0007
0.0011
0.0142
0.0119
0.0008

2
3
4
5
6
7

Every sector of the filter was immersed and kept in a
lOcc bath of distilled water. An analysis for elementary
sodium was made on the solution by atomic-absorption spectro-
photometer.

On the assumption that the particles constituting the
sodium aerosol become distributed in a log-normal manner, two
well defined modes are noted.

Therefore the distribution function sought, that is
able to describe the distribution of the experimental data,
turns out to be of the type:

f(lnD ) d inD

with:

InD - lnMMD. '
P l

exp [ -( )
V T in S.

S = standard geometric deviation of the i-th mode
i

MMD = aerodynamic diameter in mass of the i-th mode
i

The graphic distribution of the two modes is visual-
ized by the cumulative percentage distribution plotted on
semi-probability paper (Fig. 10).

The first mode is constituted by the sodium deposited
on the first four sectors of the filter (with demensions less
than 2.2 yum) with a standard logarithmic deviation of 2.2 and
MMD of 0.35 yum-
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The second mode, comprising the remainder of the
sample, has a standard deviation of 1.2 and MMD of 4.9 yum.

The numeric reconstruction of the granulometric
distribution is obtained by means of a procedure that
minimizes the square of the difference between the cumulative
percentage distribution obtained from the test data and that
obtained from the assumed distribution (10).

2.3 OPERATION OF THE SODIUM DISPOSAL PLANT AT THE CASACCIA
C.R.E.

For purposes of removing the sodium from the com-
ponents and of defining operation procedures for the sodium
removal processes, a new sodium disposal plant has recently
been built at Casaccia. It is equipped with an aerosol abate-
ment scrubber column (Fig. 11). The lines of this plant's
design have been derived from the experience gained from the
previous prototype.

The scrubber consists of:
- a lower water-spray section in which the particles of larger
size are eliminated and are saturated with steam and fumes;

- a venturi dish (bathed on the lower surface by the spray
below) in which, because of the velocity increase, an
agglomeration of the smallest particles (of sizes less than
one micron) occurs;
a contact plate formed by a diaphragm with1 a large number

of circular orifices covered with baffles functioning as
deflectors. This plate has an arrest efficiency of 97% for
all particles of diameter equal to or greater than one
micron;

- a drop separator plate that propels the drops of liquid
tangentially with respect to the walls of the washing tower.

In order to make an initial and periodic test of the
scrubber and to provide control instrumentation of environ-
mental pollution, portable measuring instruments were provided
for sodium aerosol and of traditional fumes in air and the
INSPEC models, respectively for the determination of the
concentration and of its format.

Testing of the scrubber's efficiency is now in
progress.
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3. PRELIMINARY JUDGMENTS ON THE FORMATION, TRANSPORT AND
DEPOSIT OF SODIUM VAPORS AND AEROSOLS

3.1 THE PEC REACTOR'S GEOMETRIES OF MAJOR SIGNIFICANCE FOR
THE TRANSPORT OF SODIUM VAPORS AND AEROSOLS

The geometries of major significance for the effects
that can be caused by the transfer of sodium vapors and
aerosols are the annular spaces between the reactor's two
plugs (between the fixed and the rotating plugs and between
the fixed plug and the tank) and the annular spaces resulting
from the introduction into the Closure Head Assembly of the
penetrating structures of the Control Rod Driving Mechanism
(CRDM) on the rotating plug, and of the Core Blocking Device
(CBD) on the fixed plug.

An anti-convective barrier has been installed in the
annular space between fixed plug and tank to diminish the
transport of vapor as a result of the convective movements of
the cover gas. Anti-convective barriers have also been
installed in the upper part of the annular spaces resulting
from the introduction of the Core Blocking Device.

Because of the geometries of the annular space between
the penetration of the rotating plug and the Control Rod
Driving Mechanism, inasmuch as damage to a weld placed at the
upper part of the component between the sleeve and sheath of a
thermocouple would create a possible direct passage for sodium
vapors from the reactor tank into the component itself, it was
considered advisable to carry out a thorough check whose
results will be given later on.

3.2 PRINCIPAL SELECTED TEST DATA ON THE FORMATION, TRANSPORT
AND DEPOSIT OF SODIUM VAPORS AND AEROSOLS

After a general examination of what has been reported
previously with regard to the operating problems brought about
by sodium vapors and aerosols by J.P. Delisle, M. Reboul and
X. Elie (11), M. Dolias, A. Lafon, M. Vidard and K.H. Schaller
(12) and W. Jansing, G. Kirchner and J. Menk (13), a specific
examination has been made of sodium vapor and aerosol
transport and deposit, divided into the following headings:
Concentration of Sodium (vapors and aerosols) in Gaseous State
in Function of Temperature -
P. Barton's data were considered for this subject. They are
given in Figure 12 and in Table 1 (14).
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Deposit Rate of Sodium Vapors on Vertical Surfaces in Func-
tion of Evaporating Sodium's Temperature -
Funk's data were considered for this subject. They are given
in Figure 13 and in Table 2 (15).
Sodium Vapor Penetration Rate into Tight Annular Spaces -
We used Hashiguchi's data for this subject. They are given in
Figure 14 (16).
How Sodium Vapors Are Transported and Deposited in Tight
Annular Spaces -
The data provided by Meadows and Bohringer (17) were
considered for this aspect. Also the results obtained by
these two authors, like those of Delisle, Reboul and Elie,
have shown in particular the necessity of having a seal gas in
circulation to prevent the entry of vapors into tight annular
spaces, at a flow rate commensurate with the circular cross
section of such space.

3.3 ASSESSMENTS REGARDING THE CRDM

An examination of the geometries of the component and
of the relative operating temperatures, made on the basis of
the information mentioned earlier, has made it possible to
exclude the eventuality that sodium vapors may find their way
into the CRDM (18) from the reactor tank.

In fact, for the sodium vapors to penetrate the CRDM
they would first have to go through:
- an annular space 10.5 mm wide, 1000 mm high, that begins at
the height of the component -2900 and terminates at -1900
mm. The temperatures relative to these heights are
respectively 485 and 270°C;

- an annular space of maximum width 0.085 mm, 22 mm high, from
height -1895 to -1873, maintained at temperatures of 270-
265°C;

- an annular space 1.25 mm wide from the height of -1870 to -
1785, and 2 mm wide from -1785 to -1385;

- a last annular space between the sleeve and sheath of the
thermocouple, 32.5 mm high which, for a length of 3.5 mm, is
under 0.1 mm in size.

Figure 15 shows a diagram of the CRDM with representa-
tion of the annular spaces present in function of height, with
the relative temperatures and sodium concentrations in argon,
drawn from P. Barton's data.

Plans may be made in the case of the CRDM for the
formation of plugs, certainly in the centring area where there
is an interstice 22 mm high and 0.085 mm at greatest width.
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Moreover, even assuming that this barrier is passed, it turns
out that the sodium vapors would have to go through a subse-
quent very tight interstice (between the thermocouple's sleeve
and-sheath) 32.5 mm of total height which, for a length of 3.5
nun is smaller than 0.1 mm at a temperature only slightly above
that at which sodium melts.

The construction solution adopted for CRDM's annular
spaces on closure head assembly of PEC reactor does not
foresee a argon flow. This solution will presumably lead to
problems when disassembling the component because of the
expected bonding by sodium and by sodium products, at least,
in the centring area.

1 With the aim of eliminating such eventuality, the
equation cited by Fukada, Ueda and Shimomura (19) was used .to
calculate the argon flow necessary to prevent sodium vapor
penetration into the CRDM's annular spaces. The calculations
and relative results are given in the document's appendix,

3.4 TESTING PROGRAM ON THE FORMATION, TRANSPORT AND DEPOSIT
OF SODIUM AEROSOLS

A program of activities is being planned which
includes a study on the formation, transport and deposit of
sodium vapors in function of:
- sodium temperatures and areas where deposits are likely to

occur;
- heights and widths of interstices;
- effect of the interposition of collars to limit or prevent
the diffusion of the vapors;

- seal gas's necessary flow rates.

Planned in conjunction with this type of activity is
also a study for the identification of the best operating
characteristics of vapor traps, with the examination in parti-
cular of the following parameters for those to be filled with
steel mesh:
- effective length of heated filter
- temperature of heated filter
- pressure drop (rate)
- filtering material
- inclination of the trap
- sodium temperature.

The reason for this second type of study is the proven
low filtering efficiency of the traps for a number of items of
test equipment now in operation, which has required frequent
maintenance to the piping downstream from such traps.
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A P P E N D I X

APPLICATION OF THE FUKADA EQUATION TO THE DIFFUSION OF SODIUM
VAPORS THROUGH THE PEC REACTOR'S ANNULAR SPACES

The results obtained with the Rhapsodie, Phenix and
FFTF reactors have confirmed that a continuous flow of gas
prevents the transport of sodium vapors, thereby preventing
also their deposit.

In order to calculate the flow-rate values of the
seal gas to be pumped into the annular spaces around the PEC
reactor's plug, the equation mentioned by T. Fukada, S. Ueda
and T. Shimomura (19) has been used. This equation can be
deemed to be sufficiently reliable inasmuch as it has been
confirmed also by the data furnished by Meadows and Bohringer.

According to Fukada, Ueda and Shimomura, the penetra-
tion of sodium vapors into the annular spaces is repressed if
the gas flow that opposes it is such that it has:

£32.5 (1)
D 1.43 _ 0.35
Re • Fr

with: Gr (Grashof number) = — (2)

V • Y
Re (Reynolds number) = (3)

V
V2

Fr (Froude number) = (4)
g -d

and symbol meanings:

d = hydraulic diameter of the annular space
g = acceleration of gravity

4y = difference in density between argon and sodium vapour
y = dynamic viscosity of fluxed argon gas
y = density of fluxed gas (argon)
V = average velocity of fluxed gas.

What results from the application of this equation to the
annular spaces of the Control Rod Driving Mechanism is:
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- Level -29 00:

T = 485 + 273 = 758°K
3

X = 0.663 kg/m at P = 1.0296 atm (cover gas pressure)
arqon

-3
P = 3.63 x 10 atm a t 758°K
Na

-3 3
Y = 1.34 x 10 kg/m a t 758°K

-3
d = 4 x 10 m

2
g = 9.81 m/sec

-5 2
J> = 6.71 x 10 m /sec at 758°K

From which we obtain:

Gr = 139

Re = 59.6V (with V in m/sec)
2

Fr = 25.5V (with V in m/sec)

When the Fukuda, Ueda and Shimomura equation is applied, we
obtain:

V = 0.075 m/sec

The cross section of the argon passage (i.e. the cross section
of the annular space at level -2900) is:

-3 2
S = 3.74 x 10 m

So that the flow rate of the argon necessary in the annular
space turns out to be:
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-3
Q = SV = 3.74 x 10 x 0.075

-4 3
= 2.8 x 10 m /sec

= 16.8 1/m at 485°K and 1.0296 atm

Q = 6.6 Nl/min at O°C and 1 atm

The flow rate necessary to prevent the diffusion of
sodium vapors can be found in a similar manner for the -19 00
level (area of component's centring), equal to 1.68 x 10"

3
Ncm /min.
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TABLE 1 TABLE 2

Sodium aerosol concentrations in argon

cover gas as a function of sodium pool

temperature.

Results of experimental sodium vapour

deposit accumulation.

Ok

I

Sodium

Temperature,°C

' 200

250

300

350

400

450

500

550

Weight

Fraction

1,48 10~7

3,3 10"6

4,3 10"5

3,7 10"4

2,3 10~3

7,6 10"3

2 10"2

4,57 10"2

Sodium

Temperature,°C

538

538

538

538

538

Mean

454

454

Mean

371

204

Accumulation
2

Rate gr/sec« m

2,69

1,81

1,59

1,08

0,81

1,60

3,33'

2,85

3,09

1,33

1,03

lO"3

10"3

10"3

ID"3

lO"3

lO"3

ID"4

,io"4

IQ"4

ID"5

10"8
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A - argon entry

B - argon exit

Platen 5(3jl

Fig. 3 - Sodium vapour trap
Fig. 2 - Condenser - Separator
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Fig. 5 - Schematic of INSPEC sampling arrangement
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Fig. 6 - INSPEC sectional view
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Fig. 7 - INSPEC operating scheme
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Fig. 15 - C.R.D.M. Schematic view with sodium aerosol concentration

and temperature distribution as a function of heigh.
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