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BACKGROUND

The foam cleaning process B based on the filling of an equipment with an
aqueous foam containing suitable chemical reagents and, if necessary, its
recirculation through a recycling loop. The major advantage of the technique is the
reduction of the amount of liquid thus reducing the secondary waste production.
Moreover, due to its high viscosity, the foam bed is able to carry solid contamination
out of the equipment without needing a further dissolution of the solid deposit [1].

The process has been recently experimented in La Hague on a 22 metres
pipe. The pipe is part of the Pneumatic Transfer Network, which basic function is to
transfer the small jugs containing liquid samples, from production points to
laboratories in order to analyse them. As some contamination may incidentally exit
from the jugs, it is necessary to dismantle sections of the pipe or to decontaminate
the internal surfaces of the pipe essentially consisting of aluminium. The total length
of the pipe network has been estimated in the range of 80 km. The CEA is working
on the decontamination of the network since 1994 in association with COGEMA. A
new process enabling the circulation of the foam under depression has been
implemented. Furthermore, a mobile installation has been worked out by the CEA for
this demonstration operation.

LABORATORY SCALE EXPERIMENTS

Definition of the chemical formulation

The first task of the project was the definition of an efficient chemical
reageant. It was decided to formulate an aluminium corrosive solution to eliminate
fixed contamination. The formulation comprises nitric acid (2,5 M) and phosphoric
acid (3,5 M). At room temperature (22°C+/- 2°C), the solution performs an uniform
corrosion of the metal surface. The corrosion rate is about 1um/h under a weak
stirring. A combination of two foaming surfactants issuing from a previous CEA -
Patent have been successfully added to the solution [2]. These surfactants, Oramix



(8 g/L) and Amonyl (3g/L) are respectively non ionic (aikylglucoside) and amphoteric
(sulfo betain). The acidic foamy solution exhibits a good foaming ability, comparable
to the one observed with the neutral foamy solution. The good compatibility of the
surfactants with the acidic medium results from both amphoteric properties of Amonyl
and the absence of electric charge on Oramix molecule.

Efficiency of the foam on real samples

The efficiency of the foam made from the mixing of air and the foamy solution
as described in the precedent section has been evaluated on a 38 m long aluminium
pipe section having the same characterisitics than the original pipe in La Hague (see
figure 1).

Figure 1 : 38 m decontamination loop in the laboratory (pipe diameter: 3 cm).

The foam is produced with a static foam generator situated at the pipe
entrance. The liquid flowrate is 69 L/h and the air flowrate 900 L/h. Thus the
expansion ratio of the foam (defined as the ratio of the volume on liquid volume
under atmospheric pressure) at pipe entrance is about 14 and the velocity of the
foam about 0,3 m/s. The pressure in the pipe is everywhere greater than 105 Pa. Two
10 cm long section of the original contaminated pipe were added in the loop at 0,5 m
and 33 m after the foam generator. The samples were mainly contaminated with
60Co, 137Cs, and 154Eu. The initial contamination for 0,5 m and 33 m samples were
respectively 1060 Bq/cm2 and 360 Bq/cm2. The residual activities after a 30 minutes
acidic foam decontamination followed by a drying step and two steps of 25 minutes
neutral foam (same formulation with no acid) and a final drying step were respectively
32 Bq/cm2 and 5 Bq/cm2. The decontamination factors are 33 and 73 for each
sample. Corrosion rate of the metal surface is about 1,5 um/h for the samples which



is slighty higher than for experiments in the liquid phase under weak stirring. This
difference can be explained by a slight temperature difference (activation energy of
the corrosion reaction is low (0,8 eV) as modeiised with an Arrhenius-law type) and a
higher shear rate at the pipe wall due to the foam circulation.

These results show the homogeneity of foam action along the pipe as well as its
efficiency. To give an order of magnitude, the dose rate reduction is about 100 with a
residual dose rate about a few mGy/h.

Furthermore, the rapidity of foam action (30 min) is illustrated by these results.
Complementary results obtained with another foam circulation device have shown
that the increase of operation time (2 h) leads two lower residual activities (under
1 Bq/cm2) for the same type of samples.

IMPLEMENTATION OF AN INDUSTRIAL DEVICE

The industrial device is presented in figure 2.

Figure 2 : Photography of the industrial experimental device

It is a fully automatised and mobile system consisting in three parts :
generation of the foam, foam reception and pumping system, automate for processus
regulation and survey.

Concerning the generation part, a new type of static foam generator was
designed to enable the circulation of the foam at pressure values under atmospheric
pressure [3]. This has been required by the site authority to prevent any
contamination release during foam decontamination process. To obtain an
homogeneous foam, the body of the foam generator is filled with a porous medium
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consisting in small glass spheres. Preliminary experiments at the laboratory scale led
to the choice of the sphere diameter and to the length of porous medium [4]. The
foam is produced continuously at pipe entrance. The air necessary to produce the
foam is pumped through a regulation flowmeter directly in the atmosphere. The
foamy solution percolate from the top of the porous medium. In these conditions, the
maximal theoretical value of pressure loss along the pipe is 105Pa and the effective
value taking account for pumping material efficiency is around 0,8.105 Pa.

A rheological relation has been derived for modelisation of foam
hydrodynamics in the pipe. The relation is of the Ostwald de Waele type :

T , =

tp is the local shear stress (Pa)
-jeis the apparent share rate (s'1)

n,k are two constants depending on the pipe diameter and the foam expansion
ratio.

From the above relation it is possible to calculate the pressure loss using a
classical engineering approach which has been detailed elsewhere [5]. h our case it
was estimated that the maximal length that can be decontaminated for a maximal
pressure loss of 0,8.105 Pa is about 50 m for a foam flowrate of about 250 L/h.

The reception part is composed of a small tank (30 I) and a pump to maintain
the tank under depression. The pump is monitored by the automate with an electric
valve to ensure a constant pressure. The foam level in the tank is monitored using
optical detectors. When the foam level rises to an upper limit, alcohol (methyl-4
pentanol-2) is automatically sprayed into the tank to destroy the foam. When the
liquid level reaches an upper limit, the pump is switched off, the tank is emptied, the
liquid is filtered and recycled in the preparation tank.

INDUSTRIAL SCALE OPERATION AT LA HAGUE

To provide an industrial demonstration of the foam process, a 22 meters pipe
section of the network was selected in the R2 facility in La Hague.

For simplicity reasons, it was decided not to recycle the foam. Moreover, an
antifoam liquid (Rhodorsil 426 R) was used in the reception tank to avoid the use of
alcohol. Thus, the foam was destroyed continuously as it arrived in the reception
tank. Contrary to alcohol, Rhodorsil has a long time effect on the foamy solution, so
that any recycling of the foam is impossible.

The total length of the circuit including entrance and exit additional pipes was
around 30 metres.

Characteristics of the pipe section before decontamination

The pipe was essentially contaminated with 137Cs. Six irradiations points have
been bentified and followed along the operation time. They are situated along the
pipe length. The dose rates of the irradiation points were measured at the external
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surface of the pipe with an AD4 type probe by the radiological service. The highest
value of local contamination rate was about 38 uGy/h. The pipe had 3 curves and
was situated about 4 meters above the facility ground. The total duration of
decontamination operation was around 5 hours and included the following steps:

- Circulation of a concentrated acid foam during 35 minutes
- Circulation of a rinsing aqueous foam during 20 minutes
- A drying step of about 4 hours

Decontamination step

Theflowrateofthefoamw as about 250 L/h and the expansion ratio value
between 8 and 10. The pressure loss along the pipe, after a permanent regime was
reached, scaled about 0,5.105 Pa. The value of the absolute pressure at the pipe
entrance was 0,8.105 Pa. A very homogeneous foam was produced in the generator.
The foam bubbles were millimetric at the generator exit An illustration of the bubble
scale is given in the next figure (the picture has been taken in a laboratory
transparent column for the neutral foamy solution used in the rinsing step).

Figure 3: Foam bubbles made from the neutral foamy solution

No problem was encountered during foam circulation except for the antifoam
liquid which was not present in the reception tank before operation started. As a
consequence, the top of the foam bed at the beginning of the operation was not in
contact with the antifoam. Thus, excessive quantities of antifoam were sprayed to
master the foam. To solve the problem it has been shown that the antifoam must be
added in the tank before foam circulation starts in order to contact all the foam
coming in the tank.

The results are summarized in the next figure. The evolution of the dose rates
for the six irradiation points is presented.
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Figure 4 : Dose rate evolution during operation

Most of the activity is eliminated ten minutes after the beginning of acidic
foam circulation. After 30 minutes, the dose rate value is under 0,2 uSv/h. This value
corresponds to the ambient dose rate around the pipe. As it can be seen from the
above figure, the decontamination is homogeneous along the pipe. The minimum
value of the dose rate reduction factor is about 19. A sampling of the activity before
and after decontamination made by wiping showed that the reduction of the activity is
in the order of 500.

Rinsing step

Before rinsing, It was decided to eliminate the residual humidity in a quick way
in order to reduce the amount of foam necessary for the rinsing step. The
TAPPROGE technique was used. Three sponge spheres were introduced at the pipe
entrance. Due to the depression in the pipe, the spheres travelled in the tube
"swallowing" the residual humidity. To realise a compromise between mobility of the
sphere and its rubbing effect, the diameter of the sphere is a little less than the pipe
diameter. To control the efficiency of the technique, the activity of the spheres was
measured at the pipe exit.

Following results were obtained :
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• Sphere n°1 :150 c/s
• Sphere n°2:120 c/s
• Sphere n°3: 60 c/s

As it can be seen from the above results, the use of sponge spheres was an
efficient way to remove activity quickly in the pipe.

The rinsing stage occured in two steps: 5 liters neutral foamy solution were
first circulated, the pH was measured and another 5 liters batch was circulated.

After the first 5liters, the pH was in the order of 0-1 (paper method). At the
end of the rinsing step the pH value was 2-3. Compared to the acidity of the initial
solution the reduction factor of the acidity can be estimated around 1000. For this
value, the corrosion of the metal is very low: about 0,01 um/h at 22°C+/-2°C at pH=2
and with liquid excess. Moreover, as it will be shown later on after the drying step,
there is no liquid present in the pipe after decontamination. Thus, it was decided not
to go on with rinsing in order to minimize the liquid wastes volumes. Nevertheless, a
more reliable measure of the pH value should be implemented for future operations
(liquid sampling).

Drying step

Three more spheres were added in the pipe to eliminate the residual rinsing
liquid in the pipe. After probe measurement, the following results were obtained :

• Sphere n°1 : 20 c/s
• Sphere n°2:10 c/s
• Sphere n°3:10 c/s

At this point, the contamination of the sphere can be considered negligeable.

Air was circulated in the pipe for several hours. Then a small part (curve) of
the pipe was dismantled to check the presence of humidity. It has been observed that
the internal surfaces of the pipe were perfectly dried. Furthemore, the total 137Cs
activity of the dismantled part of the pipe is about 4600 Bq/kg. This value must be
compared to the mean value encontered for very low activity waste which is about
10000 Bq/kg.

Handling of secondary wastes

The operation produced the following amount of liquid wastes:

• Acidic foamy solution : 15 liters
• Neutral foamy solution : 10 liters
• Antifoam solution : 20 liters
• Total amount of liquid wastes : 45 liters.

These numbers must be compared to the total volume of the pipe which is
21 liters. For each step of the operation the amount of liquid used is less than this
value. This shows the benefit of foam process compared to the filling and the
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circulating of a liquid solution. It must be underlined that if the foam could have been
recycled the total amount of liquid should have been far less because only two liters
are necessary to fill the whole pipe length with foam considering an expansion ratio
of ten. With a liquid, even when reirculation was possible at least 21 liters would have
been necessary. In this particular case, the amount of antifoam is not revealant
because of the mistake made at the beginning of the treatment as we already
mentionned.

A gamma spectrometric analysis of the liquid wastes has been realised. The
results are presented in the next figure.

Activity (Bq/L)

1.E+07

1.E+06

1.E+05

1.E+04

1.E+03

1.E+02

1.E+01

134Cs

137Cs

154Eu

--*—241Am

1.E+00 Washing Washing Rinsing Rinsing

Figure 5: Activity of the liquid wastes during decontamination

The curves show that the efficiency of the treatment is comparable for all
radioelements. The liquid wastes were handled in the La Hague liquid wastes
treatment facility.

Summary of the operation

The fully automatised system implemented at Cadarache enabled a perfect
mastery of the foam circulation under depression. No major problem was
encountered. The value of the pressure in the pipe has been maintained under the
atmospheric pressure value all along the operation thus guaranteeing a dynamical
confinement of contamination. Performance of the process has been evaluated
between 100 and 500 in terms of decontamination factor. A more detailed
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characterization is in progress using spectrometric measurements made along the
operation.

CONCLUSION AND PROSPECTS

The decontamination of a pipe section at La Hague using a foam process
under depression has been achieved The residual activity after decontamination lies
under measurable values. After dismantling of a pipe section, it has been showed
that no residual humidity was present in the tube. The total amount of liquid wastes
generated by the operation is about 45 liters.

Today, the theoretical pipe length that can be decontaminated is about
50 meters taking account for the apparent viscosity of the foam and the necessity of
working under the atmospheric pressure. Thus, the next step will be to handle the
foam circulation in a way that the treatment of longer pipe can be achieved.

The success of the demonstration enables us to consider the implementation
of the process at a large scale. To achieve this, a comprehensive approach including
the treatment of the secondary liquid waste is under progress. Among other
techniques, the feasability of liquid waste handling through the use of ozonation,
hydrothermaloxydation or catalysed hydrogen peroxyde have been already proven at
a laboratory scale.
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