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CLEANING AND DECONTAMINATION : EXPERIMENTAL FEEDBACK FROM
PHENIX

F. MASSE* G. RODRIGUEZ*

Abstract
After the first few years of operation of PHENIX, it proved necessary to clean, then decontaminate sodium-
polluted components, particularly large components such as the intermediate heat exchangers (IHX) and the
primary pumps (PP). This document presents the evolution of the cleaning and decontamination processes used,
and specifies the reasons for this evolution.
As regards the cleaning, experimental feedback and a greater rigour with respect to the hydrogen hazard have
resulted in a modification of the process. The new cleaning process used at present (since 1994) is described in
greater detail in this document. The main steps are: cold CO; bubbling in water, followed by hot CO2 bubbling,
spraying phase, then drying for inspection before immersion.
In order to optimize and validate the process, the cleaning and decontamination plant has been highly
instrumented, which, in particular, has allowed confirmation of the contention that the major part of the sodium
is eliminated during the bubbling phases.
With respect to decontamination, the objective is to perfect an efficient process that allows both human
intervention with no particular biological shield for repair or maintenance of the components, and requalification
of the materials after the decontamination operation. Owing to the high operating temperature of Fast Breeder
Reactor components (400 to 550° C), the activated corrosion products deposited on the components melt into the
metal. The decontamination process therefore consists in either dissolving the deposits on the surface, or
dissolving a thickness of about less than ten micrometers of the base metal.
The reference process for austenitic-type steels is the SPm process, which consists in immersing the component
in a sulphuric-phosphoric bath (sulphuric acid and phosphoric acid) at a temperature of 60° C for 6 hours. The
problem linked to this process is the treatment of the effluents that are produced, particularly phosphate releases.
A series of tests was performed on three PHENTX intermediate heat exchangers intended for waste, in order to
validate art optimized process on an industrial scale. These operations have permitted the evaluation of
contamination using direct measurement and analyses of the cleaning and decontamination effluents.
The present document presents the first test results, together with the follow-up of the experimental programme.

1. INTRODUCTION

Any operation performed with a view to the examination, repair or dismantling of a component
which has contained sodium requires that two main chemical operations are first carried out:

- Cleaning of the component.

- Decontamination of the component.

These two techniques have different aims:

- Cleaning must remove the residual sodium adhering to the component walls, in order to
eliminate the chemical risk linked to sodium's great affinity for oxygen and water.

- The aim of decontamination is to reduce the component's activity by eliminating the
corrosion products which have diffused in the material. The aim of this decontamination is
to subsequently reduce the global dose rate received by the operators who have to work with
this component.
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At the PHENIX reactor, since the first years of operation, it has been necessary to clean and
then decontaminate components, especially the large components of the primary coolant
system; such as the intermediate heat exchangers (IHX) and the primary pumps (PP). These
actions were taken in order to carry out component maintenance operations (repair, checking,
inspection) or more recently, to carry out replacement operations (particularly four
intermediate heat exchangers and two primary pumps replaced at PHENIX between 1995 and
1997).

The aim of this document is to present the evolution of the cleaning and decontamination
processes used, while specifying the reason for these changes. The experimental feedback from
the latest cleaning and decontamination operations carried out will be more detailed.

2. CLEANING PROCESS

2.1 - Principle of the cleaning process [1]

The purpose of a cleaning process is to remove the residual sodium adhering to the component
walls once it has been properly drained.

It is estimated that the amount of residual sodium can be up to :

- 30 (im on the vertical walls

- 0.5 to 1 mm on the flat horizontal surfaces

Thus, calculation of the flat pattern surface of a PHENIX intermediate heat exchanger leads to
an estimated maximum amount of residual sodium equal to 40 kg.

The cleaning and decontamination processes are carried out in plants which are specifically
provided for these operations and which can accept the largest removable component of a Fast
Breeder Reactor, that is to say a primary coolant pump or an intermediate heat exchanger. This
facility is known as: a "cleaning pit" (Figure 1).

During the cleaning operation, some active products are eliminated, that is, mainly "Na, 137Cs
and b4Cs. Cleaning can thus be regarded, in such a way, as a first step in decontamination. It is
not, however, an efficient method for removal of corrosion products which have diffused in the
material, such as 54Mn, 60Co, 5SCo and 51Cr. In order to do that, the decontamination operation
presented in the second section of the paper is essential.

The cleaning processes developed at PHENIX use demineralised water as a chemical reagent.
The chemical reaction of sodium and water is as following [2] :

Na solia + H2O c- NaOH + Vz H2

These reactions include several specificities which influence the use of water as a chemical
reagent for cleaning. These very special characteristics and the measures which follow on from
them are noted in the table at the following page.



CHARACTERISTICS OF
SODIUM/WATER REACTION

Rapid and violent kinetics

Exothermal reaction

Problem of corrosion by hot soda

Hydrogen release

MEANS IMPLEMENTED

- Limiting of the supply of one of the reagents :
water (water in divided form)

- The global advance of the reaction is limited by
the low supply of water in an inert gas output

- Constant temperature control

- Limiting of the processs implementation
temperature

- Constant transformation of the soda into sodium
bicarbonate (NaHCO3) by carbon dioxide (CO?)

- Cleaning carried out in a facility under inert gas
(nitrogen, argon or carbon dioxide gas). The
facility is continuously swept with inert gas

- The water output is limited in order to limit the
maximum hydrogen output which may be
produced

- The hydrogen percentage is constantly measured
(control parameter of evolution of the reaction)

Table 1 : Characteristics of Na/water reaction and means implemented

2.2. Cleaning process developed at PHENIX before 1994

Before 1994, the process used at PHENIX was an improved version of the cleaning process
used at the RAPSODIE reactor [3J. The principle consisted in making cold steam by heating a
demineralised water reserve at the bottom of the pit to 60 °C, the pit being under vacuum. The
pit's carbon dioxide content was maintained, allowing the constant transformation of the
aqueous soda (NaOH) into sodium bicarbonate (NaHCOs), a white product, solid at room
temperature, soluble in water and having no corrosive action.

This process offered many advantages, inasmuch as it allowed the reaction of sodium with
steam which is highly efficient in removing sodium, particularly in delicate areas and/or areas
to which it is difficult to gain access (baffles, screw threads, reduced clearances).

However, a re-evaluation of these cleaning installations' hydrogen safety analysis led to
modification of the process in 1994. Two main causes led to the change in this process :

- since the cleaning pit is under vacuum, in the case of a tightness loss there was a risk of an
ingress of air into the pit: an undesirable situation as regards safety,

•- in the case of a sodium/water vapour reaction which was too strong, a halt in the heating
of the water does not systematically halt the production of steam. The system's inertia is to
the detriment of flexible operation of the facility.
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2.3. Cleaning process developed at PHENIX since 1994

Since the new risk analysis for the PHENIX cleaning pits, the following measures have been
taken:

- The pits are always kept overpressurised.

- Development of a carbon dioxide (CO2) bubbling process.

- Instrumentation in thermocouples and hydrogen monitors has been increased.

The cleaning process is now therefore as following :

O After draining, the component which has to be washed is placed in the cleaning pit, which
has previously been inerted.

© A small quantity of demineralised water is placed at the bottom of the pit.

© The carbon dioxide is injected at the pit's low point in the water reserve, which causes a
bubbling of the gas. This operation is called the bubbling phase.

0 By bubbling, the gas becomes humid and this transported humidity will react with the
sodium adhering to the component walls.
Generally, the cleaning comprises two bubbling phases. One phase at room temperature and
one bubbling phase at higher temperature (between 60 to 80 °C).

© Control of the reaction by CO? bubbling can be carried out using several parameters

- The carbon dioxide output can be regulated, which allows more or less gas to be
transported (and consequently humidity).

- The water temperature can vary between 20 °C and 80 °C. The higher the water
temperature, the more it heats the bubbling CO2, which increases its dew point and
therefore the amount of water transported by this gas.

- Where the reaction is too strong, the gas injection is stopped, which almost immediately
stops any reaction.

The parameters which should be controlled in order to stop the cleaning operation process
and its satisfactory functioning are as following :

- The percentage of hydrogen in the gaseous effluent's discharger line is limited to a
maximum of 3 %. The normal value being 1 % (that is to say 25 % of the Limite
Inferieure d'Explosivite (Low Explosibility Limit) of hydrogen in air). This percentage is
measured using a hydrogen meter.

- The temperatures on the component and in the pit are monitored using thermocouples
placed all along the component. This temperature must be limited to 60 °C in order to
prevent any risk of caustic corrosion. In experiment phase, it has been shown that a
temperature limit of 60 °C on the component is compatible with a water temperature of
80 °C.

- The pressure in the pit should always remain greater than the external atmosphere, in
order to avoid an ingress of air in case of loss of the pit's tightness.

© Once bubbling steps have been completed, that is to say when the percentage of hydrogen
is nil over a sufficiently long time range, the component will be rinsed with water. The
component is subsequently dried and removed from the pit for inspection before immersion.
The aim of this inspection is to check that there are no remaining significant quantities of
sodium which might not have completely reacted during the bubbling or rinsing phases and
which would be incompatible with immersion of the component.



© The component may then be immersed. This phase is not systematic, because it generates a
large volume of liquid effluents which will be considered as being active and treated
accordingly. Therefore, a primary pump is not immersed and an intermediate heat exchanger
is only partially immersed. Experience shows that for a PHENIX primary pump, after
cleaning and rinsing, the quantity of sodium remaining necessitates the disassembly of the
component into five sub-assemblies and a fresh cleaning of the disassembled parts.

© The cleaning is always completed by a thorough drying of the clean component.

The efficiency of a cleaning operation is greatly dependant on the operations carried out prior
to clean the component. These operations are above all:

- A proper draining of the component.

- A visual inspection of the component in order to check that there are no significant
quantities of sodium, in the form of agglomeration.

- In the contrary case, all possible steps are taken to try to eliminate the sodium retention
before starting the cleaning.

Depending on the type of component to be cleaned, it is sometimes necessary to prepare it in
order to carry out a complete cleaning. Thus, on an intermediate heat exchanger, it is necessary
to cut the dished bottom section and the bored bottom section of the component in order to gain
access to the secondary sodium section (Figure 2). In the case of cleaning an IHX, the bubbling
of gas to clean the secondary section or primary section is performed selectively by a balance
of pressure/back pressure between the two sections.

2.4. Experimental feedback of cleaning of components at PHENIX from 1994 to 1997

Between 1994 and 1997, the PHENIX plant changed 4 of the reactor's Intermediate Heat
eXchanger (IHX) and two primary pumps. This large scale operation was an opportunity to :

- Qualify and validate the new cleaning process, modified as of 1994.

- Experiment with new instrumentations for better monitoring of the reaction's
evolution.

During these cleaning operations, the recording then analysis of all of the parameters enabled it
to show that the cleaning process, as newly established, was satisfactory and observed all
required safety parameters.
On the other hand, it is possible to make an a posteriori estimation of the quantity of sodium
which was present on the component by two separate methods :

- By integrating the hydrogen recording curve in the cleaning time.

- By using sodium analysis in the liquid effluents sampled after each of the operating
phases of the process (bubbling, rinsing, immersion if it was done).

Thus, for IHX N° F, cleaned in June 1995, the quantity of sodium deduced after integration of
the hydrogen signal was estimated to be 1.3 kg. The quantity of sodium estimated using
chemical analysis was 12 kg. This difference is explained by the fact that, before being washed,
this IHX was left in an air storage pit during several months. This condition therefore allowed
more than 80 % of the sodium to bicarbonate.
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Cleaning of EHX N° E was performed in April, 1996. The quantity of residual sodium on this
intermediate heat exchanger had been estimated, according to the chemical effluent
measurement, to be 21 kg. By integration of the hydrogen signal, the sodium quantity was
estimated to be 5.5 kg. Before cleaning, therefore, approximately 74 % of the sodium was
already carbonated.
To date, the cleaning of a third EHX is planed in the third trimester of 1997.

Another point shown by the monitoring of these cleaning operations is that the water efficiency
of cleaning operations, that is to say the relation between the quantity of water reacting with the
sodium and the quantity of the water transported, is very low. This water efficiency, which can
be extrapolated by calculation made from recording of the hydrogen percentage, has always
been lower than 10 %. This result clearly shows that the kinetics of the sodium/water reaction
is controlled by the low supply of water and by the very low: efficiency of this reaction. In
return, the time necessary for a complete cleaning (from its entry into the pit until its exit, clean
and dry) is relatively long; on average, one week of full time operation for a big component
(MX or PP).

Using these recordings, one can clearly show that the bubbling phases are phases contributing
to the elimination of sodium (more than 95 % of the sodium is destroyed), the rinsing phase
completes the reaction, but above all contributes to the elimination of the sodium hydroxide and
sodium carbonate remaining on the component walls.

2.5. Conclusions about cleaning process

Since 1994, PHENIX plant has developed a new cleaning process (modification of some
parameters of the previous process) based on a bubbling of carbon dioxide into demineralised
water at several ranges of temperature.
This new process applied on the cleaning of several big component (IHX and PP) has proved
its efficiency regarding to sodium elimination and non corrosive effects.
The instrumentation implemented of the cleaning pit (hydrogenemeter, thermocouples) allows a
better control of the cleaning process and a good experimental feedback.

3. DECONTAMINATION PROCESS

In Fast Breeder Reactors, the heat transfer fluid is liquid sodium metal. The fuel, plutonium
and uranium oxide, is found within fuel rods with austenitic steel fuel cladding and thus make
up the assemblies.
The neutron flux causes activation of the steel in these claddings. The other structures and the
components are, for their part, only subjected to this flux to a very slight degree. By
« corrosion », the activated metal elements in the claddings are transferred into the sodium.
During the sodium transfer into the components (mainly intermediate heat exchangers and
primary pumps ), the corrosion products are deposited, due to a decrease in solubility linked to
the temperature decrease along the intermediate heat exchangers. The « deposits » of these
radioactive elements are responsible for the majority of component contamination. Since the
operation temperatures are relatively high, these activated metal elements are likely to diffuse
within the base metal (figures 2 and 3). During the life of the reactor, the large components can
be taken out for maintenance or repair. Since the contamination levels are low and the
activation is negligible, decontamination processes are used with the aim of possible human
intervention with no significant biological protection and no intricate operation, while
respecting the integrity of the material, thus allowing its re-use.



Due to the diffusion of the radiocontaminants within the metal, the decontamination in fact
signifies, in addition to the dissolution of the deposits, a thin dissolution in the component steel;
of about 5 to 10 um. This goal is achieved by a controlled acid attack during immersion in an
adapted decontamination pit.

3.1 .REMINDER ON CONTAMINATION

As previously shown, the predominant radiocontaminants are activated corrosion products of
the fuel's steel cladding. The sodium itself is activated at the time of its passage under neutron
flux. In addition, fission products (including tritium), and fissile matter are likely to transfer
into the sodium, mainly in the case of fuel cladding failures.

3.1.1. Corrosion products

Fuel claddings are generally made of Z2 CND 17-12 (or 316 L) steel, with the exception of
certain experimental assemblies. In Fast Breeder Reactor flux conditions, the main activation
reactions of the elements of this steel are as follows:

Stable
element

54Fe

55Mn

50Cr

5:Cr

54Fe

58Ni

59Co

59Co

60Ni

58Fe

62Ni

Reaction
type
n,p

n,2n

n,y

n,2n

n,a

n,p

n,2n

n,y

n,P

n, y

n,y

Active isotope
formed

54Mn

51Cr

58Co

60Co

59Fe

63Ni

Radioactive
period
312 d

27.7 d

70.8 d

5.3 a

45 d

100.1a

Emitter

y

y

p,y

p,y

PJ
P

Table 2: Principle activation reactions of the elements of cladding steel.



3.1.2. Activation products of sodium and its impurities.

The sodium is activated by transfer in the neutron flux at the level of the core. The three
isotopes formed are:

• 22Na, R y emitter, with a radioactive period of: 2.3 years

• 24Na, R y emitter, with a radioactive period of: 15 h

• ^Ne, R y emitter, with a radioactive period of: 37.2 s

The activity in 24Na at equilibrium, for a reactor in normal operation, was used for the
dimensioning of the biological protections for the component handling cask. However, due to
its short radioactive period, this radio-element disappears very rapidly.
It is generally no longer measurable on components at the time of an intervention.
On the contrary, although this represents only a small proportion of the contamination, in
certain cases it is possible to evaluate their residual primary sodium mass on a component, by
measurement, using gamma spectrometry, of the 22Na, either directly on the component, or later
in the cleaning effluents.
Some impurities present in nuclear quality sodium are also activated in the core, in particular
Zn, which occasionally appears, at very low levels; potassium or calcium, which are activated
in 41Ar and 37Ar respectively, and which, along with 23Ne, are transferred in gaseous phase, to
the cover gas, as 23Ne.

3.1.3. Fission products

The fission products are generated by fuel fission. The main fission product source in the
primary sodium is linked to their release in the case of fuel cladding failures.
However, even without fuel cladding failure, contamination by fission products exists due to an
external pollution of the fuel claddings by fissile matter, particularly at the level of welds. .
Fission products can behave differently according to their state, solid or gaseous, and their
solubility or volatility.
Thus, the xenons and kryptons are transferred directly into the cover gas and will not be
discussed further here since they are not involved in the contamination of components.
The iodines are transferred into sodium. The RAPSODIE experience feedback shows that these
iodine radio-isotopes are almost totally trapped in cold traps.
The fission products which cause the most problems in terms of sodium and component
contamination, are radiocesiums, especially cesium 137 which has a radioactive period of 30
years. Experience has shown that there is a strong enrichment in cesium in the gas phase
(aerosols), as well as on all traces of carboneous materials (greases).

Tritium is a plutonium ternary fission product. It is also produced by activation of boron and
lithium present in the control rods. Like hydrogen, it also has the ability to pass through
metallic walls at high temperature. Thus all tritium produced in the fuel rods passes in its
totality into the primary sodium and then, through the intermediate heat exchanger tubes, into
the secondary sodium. A slight proportion of this tritium (<1%) which was not trapped in the
primary and secondary cold traps passes into the steam generator water. Tritum is a P emitter
with a radioactive period of 12.3 years. At the time of the cleaning operations, part of the
tritium is entrained into the gas phase in the form of tritiated hydrogen. The other part is found
in the cleaning liquid effluents. The proportions between these two phases vary greatly but are
slight in comparison to the other radio contaminants.



3.1.4. PHENIX experimental feedback

3.1.4.1. Intermediate Heat Exchanger (MX)

At PHENIX, between 1976 and 1996, 15 movements of intermediate heat exchangers took

place, followed by cleaning and decontamination processes for 14 of them, to date.
For the majority of these operations, contamination measurements performed on the
intermediate heat exchangers were carried out by gamma spectrometry along the intermediate
heat exchangers and/or by radiochemical analysis of the cleaning and decontamination
effluents.
Table 3 shows a summary of the operation concerning intermediate heat exchangers, as well as
the main results regarding contamination of these exchangers.

3.1.4.2. Primary Pumps (PP)

Concerning primary pumps, similar steps have been taken as far as possible. Whereas the
intermediate heat exchangers are treated as a whole (after cutting of the bored bottom section)
and through immersion, the complex geometry of the pumps rules out immersion of the entire
component. They are therefore separated into five sections for cleaning operations and piece by-
piece decontaminated. If for the first pumps, all parts were decontaminated by immersion, by
contrast certain parts of the last pumps were decontaminated by spraying in a decontamination
box in order to reduce effluent volumes. This type of process does not offer the possibility of
taking a representative effluent sample which normally would allow the total contamination of
the pump to be deduced.
In this case, only partial information is obtained. The results obtained at the time of the first
decontaminations are shown in Table 4.

3.1.4.3. Contamination Distribution

These results shown in Tables 3 and 4 and detailed for the IHX B in Table 5, demonstrate the
preponderance of activated corrosion products, particularly manganese 54, in the
contamination of components.
In addition, Table 6 shows that if all the sodium and the majority of the fission products are
eliminated during the cleaning, an acid attack is necessary in order to decontaminate a
component efficiently.

3.2. DECONTAMINATION

3.2.1 A1-SP process

The reference process for decontamination was initially the Al SP process, which consisted in
immersing the component in a pit filled with a sodium hydroxide and potassium permanganate
solution, followed by treatment, also by immersion, in a solution of 12.5 g/L of sulphuric acid
(H2SOt) and 190 g/L of phosphoric acid (HjP04), for 6 h at 60 °C.
This process was applied to all decontaminated components until 1989.
The disadvantages of this process are:

- the volume of effluents

- the phosphate content in the wastes after effluent treatment.
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Studies have therefore been carried out at the CEA (the French Atomic Energy Commission),
for the purpose of limiting these disadvantages.
Firstly, the "Al" alkaline bath proved to be ineffective and could even, by passivating the
metal, minimise the action of the acid bath and thus reduce the effectiveness of the
decontamination treatment. This first "Al" bath was therefore abandoned, which practically
halves the volume of effluents to be treated.

Furthermore, laboratory tests during the 1980's showed that the drop in the phosphoric acid
content from 190 to 45 g/L did not pose any problem of intergranular corrosion on the
material.
In sulpho-phosphoric processes, it should be pointed out that the sulphuric acid's role is to etch,
while that of the phosphoric acid is to passivate.

The SPm (modified Sulpho-Phosphoric) process was finalized and tested on a RAPSODIE
intermediate heat exchanger and primary pump in 1988 and 1989.

3.2.2 SPm process

This process, for which the alkaline bath was abandoned, consisted in immersing the
component for 6 hours at 60 °C in a solution of 12.5 g/L of sulphuric acid (H2SO4) and 45 g/L
of phosphoric acid (H3PO4).
Test results on the RAPSODIE scale permitted application in 1989 of the SPm process on the
PHENIX « B » exchanger. The decontamination licence process, validated for austenitic steels
in particular 316 L (Z2 CND 17-12 steel), is now the SPm process.

Subsequently, it was felt that there was a need for improvement of this process, in order to both
qualify it for all types of material, particularly hard coatings, and to optimize the phosphoric
acid content by a parametric study.

3.2.3 Research and Development

This work was the subject of a CEA thesis [4].

3.2.3.1 Tested materials

The tested materials are :

O 316 L( or Z2 CND 17-12)
In order to limit, if possible, the experimental field and thus preserve available contaminated
samples sensitized to intergranular corrosion, an initial series of tests was carried out on new
316L steel samples. The results showed that on this type of sample, the effects on the material
are negligible, whatever the concentrations in sulphuric acid (< 20 g/L) and phosphoric acid
(< 45 g/L), at temperatures up to 80°C, for approximately 6 hours, with decontamination
outputs in excess of 93 %.

© 304 L

The tests carried out on 304 L samples are not sufficiently representative to extend the
validation of the process to this material. However, the results obtained on the available
samples are satisfactory in relation to effectiveness and requalification criteria.



© Hard coatings

One type of supplementary material poses a problem with regard to requalification: This
concerns hard coatings, particularly colmonoy.
The heterogeneousness of the structure of this material containing chromium dendrites in an
iron and nickel matrix, is responsible for the selective effect of the decontamination on the
matrix, allowing very hard rough spots to rise to the surface after treatment, and which can
modify the mechanical properties (of friction) of this coating material, for example in pumps.

Complementary studies are necessary in order to draw any conclusions regarding the
requalification criteria for this material after decontamination.

3.2.3.2 Main results

This thesis above all pointed out the influence of the history of the component, and therefore of
the material, concerning its resistance to decontamination treatments.
A sample of non-sensitized steel or steel which has been heat sensitized will resist sulpho-
phosphoric decontamination treatments with no problem.
On the other hand,

• in the case of a poorly-controlled passivation treatment, or one performed on a
material already sensitized or

• in the case of sodium pollution, (for example by carbon),
a strong intergranular attack can be observed, even in the absence of an acid attack.
Of course, an acid attack in these conditions only worsens the situation.

In order to validate any decontamination process, it is essential to test it on materials
considered to be representative of Fast Breeder Reactor components.

3.2.3.3 Last decontamination operations in PHENIX Plant.

The opportunity to test various sulfo-phosphoric processes on an industrial scale appeared at
PHENIX between 1995 and 1996. In fact, four intermediate heat exchangers were taken out
for cleaning and decontamination, without it being envisaged that they would be re-used. It was
therefore possible to test different decontamination solutions by varying, in particular, the
concentration in phosphoric acid. To date, three exchangers have been treated using different
decontamination solutions, particularly with phosphoric acid contents lower than in the Spm
reference process.

The processes implemented are respectively :

-for MX F H2SO4=15g/L H3PO4= 0 g/L during 5h3O at 55 °C

-for MX D H2SO4=15g/L H3PO4 = 20g/L during 5h30 at 55 °C

-for M X E H2SO4=15g/L H3PO4 = 30g/L during 5h30 at 55 °C

As far as possible, sampling of a piece of tube was performed before and after the cleaning and
decontamination operations on each intermediate heat exchanger, in the sodium input (hot
section « 550 °C) and in the sodium output (cold section « 400 °C).
Each sample was subject to a metallographic expert evaluation, which determined the
evaluation of the cleaning and decontamination effect on the structure of the materials
considered.



The results of these metallographic examinations are summarized in Table 8 and illustrated in
Table 9. They confirm that on the low sections (« 400 °C) of these components, the cleaning
and decontamination operations do not cause any damage. On the other hand, on the high
sections (550 °C), due to the operation temperature and duration, they are sensitized to
intergranular corrosion. This sensitization to intergranular corrosion of the steel is seen in the
precipitation of chromium carbide at the grain boundaries. On all of these sensitized samples,
intergranular penetrations, extending from 70 to 110 jam in depth and inducing grain
decohesions, were observed in all cases after decontamination, but also before and after
cleaning.
The bath in 30 g/L of H3PO4 induces a less significant grain pull out than that at 20 g/L, while
the conditions before decontamination were comparable.
A complementary programme is underway which aims at repeating, in laboratory, a series of
decontamination tests on tube sampling performed before decontamination, in order to both
confirm observations already made and evaluate the importance of the scale effect between the
laboratory and an actual industrial application.

3.3. CONCLUSION

The PHENIX experimental feedback allowed the evaluation of contamination existing on the
main components : Intermediate Heat Exchangers and Primary Pumps. The results demonstrate
the preponderance of activated corrosion products, particularly manganese 54, in the
contamination of components, in comparison to the other radio-contaminants such as sodium
activation products and fission products (cesium).
Progress made on the decontamination processes allowed a sulfo-phosphorique process with
15 g/L of sulfuric acid and 30 g/L of phosphoric acid to be perfected giving good results on
austenitic steel (316L) with regards to decontamination efficiency and component
requalification. The SPm process with 45 g/L of phosphoric acid is likely to be replaced by this
new process.
In laboratory tests on sensitized samples demonstrate the time history of the component, from
its fabrication to the decontamination operation on the material corrosion effect.

Before applying any decontamination process of a component for the purpose of its re-use, it is
thus essential to evaluate the sensitization state of the material to be decontaminated either
through knowledge of the component's time history or through tests performed on
representative samples before the application to the whole component.

The PHENIX samples on wich tests were made were highly sensitized to the intergranular
corrosion. For less sensitized samples or components it could be possible to reduce again the
phophoric acid content even more.
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IHX

Decontamination
process

TOTAL TIME IN SODIUM (h)

OUTLET DATE

STATUS

ACTIVATION PRODUCTS " N a

FISSION PRODUCTS " 7 C S

CORROSION PRODUCTS

S4Mn.60Co.MCo.s1Cr

M M n ACTIVITY (%)

M M n ACTIVITY (TBq)

A

A1SP

42351

11/1977

new

0,01%

0,3%

99,9%

84%

0,8

A1SP

33462

11/1976

new

0,01%

0,2%

99,7%

84%

1,12

C

A1SP

40986

09/1977

new

0,01%

0,3%

99,8%

80%

0,64

B

A1SP

42569

10/1977

new

0,01%

0,3%

99,9%

83%

0,7

D

A1SP

38683

06/1977

new

0,01%

0,35%

99,8%

99%

0,48

E

A1SP

34961

01/1977

new

0,01%

0,4%

99,7%

96%

0,58

F

A1SP

25983

05/1980

decontaminated

0,01%

0,02%

99,8%

98,8%

1,54

G

H3PO4

41014

01/1985

new

< 0,01%

<0,01%

-100 %

-100 %

1,96

C

ASH

58164

07/1984

decontaminated

<0,01%

<0,01%

-100 %

94%

2,51

F

A1SP/4

37000

01/1985

decontaminated

B

SPm

77952

09/1988

decontaminated

0 , 0 1 %

0,3%

99,7%

98,9%

4,0

Table 3 : Decontamination operations and contamination results for Intermediate Heat Exchangers



pp

Decontamination
process

TOTAL TIME IN SODIUM (h)

OUTLET DATE

STATUS

ACTIVATION PRODUCTS 2 2 N a

FISSION PRODUCTS 1 3 7 C S

CORROSION PRODUCTS
54Mn,s0Co,58Co,61Cr

54Mn ACTIVITY (%)

54Mn ACTIVITY (TBq)

A

A1SP

20800

07/1976

new

< 0,01%

0,2%

99,8%

97,7%

-

B

A1SP

48700

10/1981

new

0,03%

0,2%

99,8%

97,6%

1,6

D

A1SP

70000

02/1983

new

0,01%

0,3%

99,8%

98,3%

1,8

Table 4 : Some decontamination operations and contamination results for Primary Pumps

INTERMEDIATE HEAT EXCHANGER B

OPERATION

CLEANING

1st DECONTAMINATION

2d DECONTAMINATION

TOTAL

TBq

%

TBq

%

TBq

%

TBq

%

54Mn
0,576

97,68

3,3

99,16

0,16

97,09

4,036

98,86

58Co

0,0012

0,20

0,019

0,57

0,004

2,43

0,0242

0,59

CO

0,0003

0,05

0,009

0,27

0,0007

0,42

0,01

0,24

134Cs

0,001

0,17

0,001

0,02

137Cs

0,0109

1,85

0,0001

0,00

0,0001

0,06

0,0111

0,27

22Na

0,0003

0,05

0,00

0,0003

0,01

SUBTOTAL

0,5897

3,3281

0,1648

4,0826

Table 5 : Contamination in cleaning and decontamination effluents

RADIO1SOTOPE
54Mn
58Co
60Co

134Cs
137Cs
22Na

CLEANING

14

5
3

100
98

100

DECONTAMINATION

86

95
97

0
2
0

Table 6 : Contamination in cleaning and decontamination effluents (%)



PROCESS

A1SP

ASH

OSE

SECA

SPm

SPm1

SPm2

SPm3

TREATMENT SOLUTION COMPOSITION

A1 : NaOH 20g/L + KMnO4 2 g/L

SP : H2SO412,5 g/L + H3PO4 190 g/L

NH2SO3H 31 g/L+ N2H41 g/L

H2SO4 9,8 g/L+ C2H2O413,6 g/L + H2O2 13,6 g/L

C6O7H8 56,7 g/L +C4O4H4 58 g/L+ N2H4 1 g/L + HF 2 g/L

SPm : H2SO412,5 g/L + H3PO4 45 g/L

SPm : H2SO415 g/L + H3PO4 0 g/L

SPm : H2SO4 12,5 g/L + H3PO4 20 g/L

SPm : H2SO412,5 g/L + H3PO4 30 g/L

TEMPERATURE °C

60

60

50

85

75

60

60

60

60

TIMEh DRAWBACK

3 : !

6 Waste treatment effluent discharge (Phosphate)

24 Decomposition in sulfuric acid at more than 70°C.

24 Complex working of the process

24 : HF

6 : \

6 ; Intergranular corrosion

6 Intergranular corrosion

6 No intergranular corrosion

Table 7 : Decontamination processes



IHX

F

H2SO4= 15 g/L

H3PO4 = 0 g/L

D

H2SO4 = 15 g/L

H3PO4 = 20 g/L

E

H2SO4 = 15 g/L

H3PO4 = 30g/L

BEFORE CLEANING

X

X

INTERGRANULAR PENETRATION (70fim)

GRAINS PULL OUT (10 to 20 (im)

Cr23C6 PRECIPITATES

AFTER CLEANING

X

INTERGRANULAR PENETRATION (80nm)

GRAINS PULL OUT (30 to 40 fim)

Cr23C6 PRECIPITATES

INTERGRANULAR PENETRATION (110nm)

GRAINS PULL OUT (20 urn)

Cr23C6 PRECIPITATES

AFTER DECONTAMINATION

INTERGRANULAR PENETRATION (80nm)

GRAINS PULL OUT (60 yivn)

Cr23C6 PRECIPITATES

INTERGRANULAR PENETRATION (lOO^m)

GRAINS PULL OUT (75 ntn)

Cr23C6 PRECIPITATES

INTERGRANULAR PENETRATION (80(tm)

GRAINS PULL OUT (20 ^m)

Cr23C6 PRECIPITATES

Table 8 : Decontamination effects



IHX AFTER CLEANING AFTER DECONTAMINATION

H3PO4 * 0 g/L

" V

wmm
wm

H3PO4 = 20 g/L

K

H3PO4 = 30 g/L Wm

Table 9 : Photos on Decontamination effects



Water level

X1

FIGURE 1 : CLEANING PTT OF PHENIX



Sodium level

Primary sodium inlet

Primary sodium outlet.

Secondary sodium inlet

Secondary sodium outlet

Dished bottom section

Bored bottom section

FIGURE 2 : INTERMEDIATE HEAT EXCHANGER OF PHENDC
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Figure 3 : Diffusion Profil of 54Mn in IHX Tubes between 0 a 250 um

Figure 4 : Diffusion Profil of ^Mn in EHX Tubes between 0 a 10 \im


