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Abstract

Within the frame of the fast reactors decommissioning, the becoming of contaminated sodium coolant
from primary, secondary and auxiliary circuits is an important aspect.
The "NOAH" sodium disposal process, developed by the French Atomic Energy Commission (CEA), is
presented as the only process, for destroying large quantities of contaminated sodium, that has attained industrial
status.

The principles and technical options of the process are described and main advantages such as safety ,
operating simplicity and compactness of the plant are put forward.
The process has been industrially validated in 1993/1994 by successfully reacting the 37 metric tons of primary
contaminated sodium from the French Rapsodie experimental reactor. The main outstanding aspects and
experience gained from this so called "DESORA" operation (DEstruction of SOdium from RApsodie)' are
recalled.

Another industrial application concerns the current project for destroying more than 1500 metric tons of
contaminated sodium from the British PFR (Prototype Fast Reactor) in Scotland.
Although the design is in the continuity of DESORA, it has taken into account the specific requirements of PFR
application and the experience feed back from Rapsodie. The main technical options and performances of the
PFR sodium reaction unit are presented while mentioning the design evolutioa

1. INTRODUCTION

One of the important and specific aspects of fast reactors after their final shutdown is
management of the contaminated sodium contained in the primary and secondary coolant systems.

The experimental Rapsodie reactor contained 37 metric tons of sodium. For prototype (250 to
400 MWe) or industrial-size (1000 to 1500 MWe) reactors, the quantities of sodium involved are
much greater, on the order of 1000 to 6000 metric tons.

Moreover, molten sodium, chosen for its neutronic and heat-carrying qualities, undergoes a
violent chemical reaction with water or in the presence of oxygen at high temperature.

Washing methods were developed long ago, to enable eliminating the limited amounts of
sodium attached to components after their removal from the fast reactor primary system. These
methods mainly consist in making the sodium react chemically in the presence of water in a vapour or
fog form. Although these methods are very effective for residual sodium on a component, they are not
suitable for destruction of large quantities of sodium and are therefore not directly transferable.

The need to be able to eliminate large quantities of radioactive sodium therefore made it
necessary to develop a new process that could be guaranteed to be suitable for safe industrial
application. The "NOAH" sodium-destruction process (NOAH being an anagram of NaOH) was
developed by the French Atomic Energy Commission (CEA) and qualified on a pilot loop between
1985 and 1989 (see Figure 1).

It was then industrially validated by destroying the 37 metric tons of primary contaminated
sodium from the Rapsodie experimental fast neutron reactor at Cadarache.

To date, this is the only process for destroying large quantities of contaminated sodium that has
been qualified and attained industrial status. It was also chosen by the UKAEA for destroying the
sodium from the PFR prototype reactor.
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Figure 1 : NOAH pilot facility

2. THE NOAH PROCESS

The principle of the NOAH process (see Figure 2) consists in causing small quantities of liquid
sodium to react after injection into a strong current of water confined inside a tank. The reaction being
highly exothermic, the tank is continuously cooled and temperature of the sodium hydroxide solution
is maintained at about 40 °C.

The sodium/water reaction produces sodium hydroxide and hydrogen. The sodium is rapidly
dispersed in the water with no violent reaction and the aqueous sodium hydroxide content is
continuously adjusted to 10 moles per litre.

The contaminated sodium hydroxide, whose volume represents about four times that of the
injected sodium, can be used to neutralise effluents having an acidic pH or can be directly processed
as a liquid effluent.

The contaminated hydrogen gas is released via the stack, after passage through a mist eliminator
and dryer, then a very high efficiency filter, in respect of the radioactive release limits in force.

The main advantages of the NOAH process are as follows :

- Sodium is transformed into sodium hydroxide in a single continuous operation.

- The quantity of sodium in reaction at any given moment is very small (which makes it
possible to avoid the risks of massive sodium/water reaction).

- The chosen process control solutions guarantee good stability of the operating parameters due
to a self-regulating principle.



The equipment necessitates only simple in-service surveillance, comparable to that of any
conventional industrial facility.

Sodium hydroxide transport requires only highly simplified precautions and constraints, as
compared to the transport of molten sodium.

— Scfubbar Condonsor

Mirogen supply

SODIUM
FRAME

Sodium vapor
Imp

Figure 2 : Principle of the NOAH process

Safety, operating simplicity and equipment compactness are among the essential aspects that
have oriented the technical choices.

3. THE RAPSODIE EXPERIENCE : OPERATION DESORA

Operation DESORA (DEstruction of SOdium from RApsodie) began in 1989 with the design,
by FRAMATOME's NOVATOME Division for the CEA, of the necessary adaptation of the NOAH
process for this industrial application. The design notably had to take into account the radioactivity
of the sodium and the integration of the processing facility into the Rapsodie reactor building, to
ensure the necessary confinement.

The entire operation was performed under quality assurance mles, while respecting the RCC-MR
design and construction rules for sodium-containing systems.

After a qualification phase with nonradioactive molten sodium, the 37 metric tons of sodium
from the Rapsodie primary system were destroyed in two months' continuous operation from
December 1993 to February 1994. During the entire process the operating parameters remained in
conformity to those defined at the end of the test period. The average rate of sodium destroyed,
including maintenance shutdown was 33 1/h (significantly higher than the forecasts). This operation
produced about 170 cubic meters of contaminated sodium hydroxide, which were used to neutralise
acidic effluents, and about 18,500 cubic meters of hydrogen gas, which were released via the Rapsodie
stack after treatment, respecting the release limits in force.

The operation took place satisfactorily and no major equipment failures occurred

Destruction of the contaminated Rapsodie sodium constituted the first experience of large scale
radioactive and contaminated sodium destruction, and is so far the only known experience on an
industrial scale.
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4. DESTRUCTION OF THE PFR SODIUM

Within the context of dismantling the British PFR (Prototype Fast Reactor), located on the
Dounreay site in Scotland, more than 1500 metric tons of sodium must be disposed (primary and
secondary cooling system sodium).

At present, the NOAH process is the only one qualified for destroying large quantities of
sodium, that has attained an industrial scale. This fact weighed in favour of the UKAEA's choice of
the NOAH process for destroying the PFR sodium.

FRAMATOME's NOVATOME Division, exclusive licensee of this process, has completed the
design package for the PFR sodium disposal facility (see figure 3). This facility will be capable of
destroying the radioactive and contaminated PFR sodium at a nominal rate of 3 metric tons per day
(continuous disposal 24 h a day with an anticipated availability of about 80 %).

Figure 3 : 3D CAD model of the process skids and associated pipework

The main differences between this installation, which is currently under construction within the
UK, and the DESORA facility are as follows :

- the sodium processing rate is multiplied by about a factor of 4,

- the facility is remotely operated, with remote instrumentation, sensors and valves that are
controlled from the facility control room,

- the sodium frame is fitted out with a biological shield (see figure 4) which thickness allows
to limit the dose rate at 25/*Sv/h (at contact) during in-cell works for maintenance.

- the system has been optimized and modified by taking experience feedback into account,
notably the DESORA operating results.

The PFR Sodium Disposal Plant (SDP) will be located in a dedicated building built in the
North/East part of the former PFR reactor turbine hall. The sodium disposal facility will be laid out
in two distinct shielded process cells situated in the South part of this building (access to the both
frames is prohibited during normal operation).



The general architecture of the plant is based on the principle of compactness and separation of
the various fluid circuits.

Indeed, the NOAH process is applied by means of two frames set up close to each other and
separated by a partition (physical isolation principle). This arrangement makes it possible to :

- geographically separate the sodium routing from the water and sodium hydroxide piping
runs,

- minimize the consequences of an incident on one of the items propagating to other items in
the plant,

- provide a physical barrier allowing different electrical zoning classifications to be applied
to each frame.

Around these two frames, a series of fluid circuits are arranged, enabling the routing and
removal of the chemicals.

Main options taken in plant design as well as nominal characteristics and operating principles
of the sodium disposal facility are presented hereafter :

4.1. Support frames

The process pipework is integrated into skids. This leads to the possibility to achieve most
manufacturing and assembly of the frames in factory but also to start functional testing (reducing thus
on site works mainly to final connections and commissioning tests).

Overall dimensions of these two frames are as follows :

- sodium frame : about 2 m x 3 m and about 4 m high,

- sodium hydroxide frame : about 4 m x 3 m and about 4 m high.

Figure 3 : Sodium frame - Principle of shielding removal for maintenance

4.2. Sodium feeding

Monitoring of the sodium temperature is one of the key parameters of the process (gradual
increase from header tank up to injection into reaction vessel).



The header tank gravity feeds a metering pump which injects sodium into the reaction vessel.
The adjustment of the sodium rate is made by the operator at any time. The real injected sodium rate
can be verified by monitoring the instantaneous gaseous effluents flowrate or by the amount of
sodium hydroxide produced.

4.3. Reaction vessel

The reaction takes place in the aqueous sodium hydroxide part of the vessel : opposite the
sodium nozzle, a caustic nozzle is fed by a recirculation pump. Each quantity of liquid sodium
injected through the sodium nozzle is strongly mixed by the sodium hydroxide stream reversed from
top to bottom. The sodium is then immediately split up into particles which react, in a dispersed
manner, with the water. The resulting sodium hydroxide dissolves in the water, and the hydrogen
rises to the surface via internal filters.

A heat-exchanger is incorporated into the sodium hydroxide recirculation circuit in order to
keep the solution at about 40 °C.

A constant-flow process water circuit is connected upstream of recirculation pump (about 4.8 1
of water are needed to react 1 kg of Sodium). Aqueous sodium hydroxide concentration in the vessel
is kept constant by adjustment of the process water flow relative to the sodium flow.

4.4. Liquid effluents

The liquid level of the reaction vessel is kept constant by continuous overflowing through a
lateral branch connection at a nominal flowrate of the order of 540 1/h. The system enables liquid
effluent flow without letting gaseous waste through.

Liquid effluent are recovered in a caustic liquor collection tank. As part of the SDP project, the
aqueous sodium hydroxide produced by the reaction will afterwards be neutralised by means of
chlorhydric acid, to form an aqueous saline solution.

4.5. Gaseous effluents

The gaseous waste outgassed from the reaction vessel (tritium-contaminated hydrogen) passes
first through a series of filters where it is dehumidified in order to remove the contamination carried
by the water steam, then through a very high efficiency filter and is lastly diluted in the ventilation
duct exhaust air stream in a proportion of 1 % by volume in the ventilation flow after mixing (i.e. a
factor 4 relative to the 4 % inflammability limit). Nominal flowrate is of the order of 61 m3/h.

Gaseous effluents are discharged at a pressure which is function of the pressure drop of the
circuit and the filters. However, the hydrogen produced by the reaction is maintained slightly above
atmospheric pressure as far as ventilation duct exhaust, so as to avoid any risk of air inflow.

The operator has continuous information of gas flowrate and gas pressure. The quantities of
injected sodium are always small which allows near-instantaneous interruption of the hydrogen
production by stopping the metering pump.

4.6. Control system

To guarantee a stable operation, it has been chosen to avoid any loop regulation of fluids,
allowing to lead to parameters oscillations or a progressive sliding to an unstable position.
Monitoring and control are ensured from a supervisor which is the dialogue interface between the
operator and the plant programmable controller.



Data acquisition and safety functions are managed by the control system. It has no regulating
function (except temperature regulation of the trace heating). Its function is monitoring of the process
operating parameters, triggering of the alarms and tripping of the actuators (stopping the plant when
some operating values are reached).

Main sequences of operation - start-up, throughput changes during running of the plant and
stops - are remotely actuated from the control room, through control and acquisition instrumentation
and through the supervisor. However, these sequences are manually initiated. Only steady state
operation can be in monitored automatic phase.

4.7. Maintenance

There is no maintenance requirement when the plant is on line. However, provisions have been
taken in the plant design to facilitate maintenance operations ; for instance :

- design of the sodium filter allows replacement of the cartridge without prior cutting of the
sodium pipes (it is to be mentioned that normal cleaning of the sodium filter is done by
backwashing).

- accessibility is given to the components for which periodic maintenance is anticipated
(sodium pump and non-return valves, nozzles, filters).

- lifting equipment, providing sufficient coverage of each frame, are installed in the cells to
enable the main components to be removed in case of need.

5. CONCLUSION

The program for destroying the primary system sodium from the experimental Rapsodie fast
reactor enabled the CEA and FRAMATOME to acquire valuable and so far unequalled experience in
processing large quantities of contaminated sodium. Application of the NOAH process made it
possible to destroy the 37 metric tons of contaminated Rapsodie sodium under perfectly controlled
conditions and in total safety.

The experience acquired with this program has now been applied to the project to destroy the
contaminated sodium from the British PFR fast reactor (largest sodium destruction operation now in
progress) and could be applied in the future in the context of other dismantling operations on nuclear
facilities containing radioactive and contaminated sodium.

FRAMATOME's NOVATOME Division, CEA's exclusive licensee for sodium destruction
processes, can offer a whole range of products and services in this field, with CEA support for any
necessary R&D.


