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1. Introduction
One of the major problems raised by decommissioning a fast breeder reactor (FBR)

concerns the disposal of the sodium coolant. The RAPSODIE reactor contained 37 metric tons
of sodium, but commercial FBRs may contain several thousand tons. The DESORA operation
was undertaken to eliminate the RAPSODIE primary sodium as part of the partial decommis-
sioning program, and to develop an operational sodium treatment unit for other needs; it
implements the NOAH process developed by the CEA. The process involves reacting small
quantities of sodium in water inside a closed vessel, producing aqueous sodium hydroxide and
hydrogen gas. Following qualification tests with nonradioactive sodium, all the radioactive
sodium was transformed within two months into 170 m3 of aqueous sodium hydroxide that
was sent to the CEA's La Hague complex for treatment. Contamination of the treatment
circuits by radioactive materials was relatively low; cesium was found mainly in the aqueous
sodium hydroxide, and tritium mainly in the hydrogen.

2. Overview

2.1 The RAPSODIE Reactor

RAPSODIE (Figure 1) was an experimental liquid sodium-cooled fast breeder reactor using
mixed uranium and plutonium oxide fuel elements, located at the CEA's Cadarache Nuclear
Research Center. The reactor diverged in 1967, and was shut down in 1983. During the
permanent shutdown operations from 1983 to 1986, the fuel was removed from the reactor
vessel, followed by draining of the sodium from the primary and secondary cooling systems.
Decommissioning operations began in 1987.

2.2 Sodium Disposal

The secondary sodium was reutilized in a test loop at the Cadarache center.
The primary sodium was stored in the drainage tank inside the RAPSODIE reactor

containment. As cesium was the dominant radionuclide, the sodium was decontaminated by an
ion exchange process during an earlier operation to reduce the cesium contamination by a
factor of 15. As no opportunities were available to reuse the primary sodium, it was considered
as waste for disposal under the DESORA* program in the context of the decommissioning
program.

* DEstruction of SOdium from RApsodie



2.3 Selection of a Sodium Disposal Process

Several sodium disposal processes were investigated including steam and alcohol reaction
processes (both of which were efficient but unsuitable for large sodium volumes) and water
dissolution. The selected NOAH process consists in reacting small quantities of sodium in
water inside a closed vessel, producing aqueous sodium hydroxide and gaseous hydrogen.

The NOAH process was qualified in a Cadarache test facility using nonradioactive sodium;
a one-ton sodium disposal operation was carried out in 1989. The results after disposal of a
total of two tons were highly satisfactory, and the NOAH process was selected for the
DESORA project to eliminate the 37 tons of RAPSODES primary sodium.

3. Sodium Treatment Unit

3.1 The NOAH Process

The basic principle of the NOAH process (Figure 3) consists in injecting small quantities of
liquid sodium via a dosing pump into a strong flow of water inside a closed vessel. The sodium
quickly disperses in the water, reacting smoothly and continuously. The reaction is exothermic,
and the vessel is permanently cooled by a heat exchanger in the water line.

The reaction products are contaminated, mainly by 22Na, cesium and tritium. They include a
liquid effluent (approximately 10M concentrated aqueous sodium hydroxide) and a gaseous
effluent (hydrogen). The aqueous sodium hydroxide concentration is monitored and adjusted
by adding water as required; the liquid waste is stored in tanks pending transfer to a waste
treatment facility.

The sodium is fed continuously to a constant-level tank from which the overflow returns to
the storage tank. Sodium from the buffer tank is supplied by a dosing pump to a nozzle from
which it is injected into the water at high temperature to prevent freezing of the orifice; the
sodium is filtered to avoid obstructing the nozzle.

The NOAH process has a number of advantages:
• sodium is transformed into aqueous sodium hydroxide in a single operation;
• only a very small quantity of sodium reacts at any given time, avoiding a possibly violent

sodium-water reaction;
• the process control options ensure stable operating parameters by the use of self-regulating

monitoring provisions;
• surveillance requirements are comparable to those of an industrial facility;
• aqueous sodium hydroxide requires much less stringent precautions and constraints for

transportation than pure sodium.

3.2 The DESORA Facility

The DESORA project was initiated at the end of 1989 with plans to implement the NOAH
process industrially, taking into account the sodium radioactivity and locating the facility inside
the RAPSODEE reactor building to ensure the necessary containment (Figure 2). The opera-
tion was managed by the CEA's Decommissioning Unit for Nuclear Installations (UDIN) with
technical support from FRAMATOME.

Significant cost savings were achieved by using existing facilities for input functions
(sodium feed tank), output functions (sodium hydroxide recovery tank) and utilities
(electricity, water, nitrogen, etc.). No major modifications were required for existing auxiliary
equipment. To permit reutilization, the unit was designed as two separate, transportable
modules. Data acquisition and safety functions are managed by a control unit, which does not
include any regulating function. It monitors operating variables and actuates alarm signals.
Major process steps including, startup, flow adjustment and shutdown, are controlled by
operators. This concept ensures good stability of the operating parameters.



Functional simplicity and self-regulating operation were selected for the following functions:
• sodium flow: a dosing pump allows close control of the quantity of sodium injected into the

water;
• sodium hydroxide concentration: maintained using a manual valve in the water loop;
• hydrogen loop: the gas is ducted to the ventilation system via several filters; after shutdown,

the system is pressurized with nitrogen to avoid ingress of air;
• control unit: process parameters (sodium, water and hydrogen flows, heating, cooling, etc.)

are adjusted directly by the operators using valves or switches. The control unit displays
measured values, and includes an emergency shutdown function if the unit deviates from
nominal operating conditions. A backup electrical circuit monitors electrical parameters, and
is also capable of shutting down the unit in an emergency.
The DESORA facility includes the following major components:

• a large storage tank containing 37 tons of primary sodium, located in the peripheral gallery;
• an intermediate buffer tank containing sufficient primary sodium for one week of operation,

equipped with an electromagnetic pump;
• a sodium rack, with a sodium feed tank and dosing pump, transportable by road or rail;
• an aqueous sodium hydroxide rack, also transportable, comprising a reaction vessel, a

sodium hydroxide pump and a hydrogen treatment unit;
• several aqueous sodium hydroxide storage tanks;
• a control unit including a microcomputer and several electrical cabinets.

The DESORA plant safety analysis covered a comprehensive range of potential hazards:
irradiation, liquid contamination, gaseous contamination, sodium fire following a leak, sodium-
water reaction following double leakage, hydrogen fire, overpressure in the reaction vessel,
external fire, flooding and earthquake.

3.3 Process Waste Treatment

The sodium disposal process generates liquid and gaseous effluents. The first comprises
aqueous sodium hydroxide containing radioactive products, mainly 22Na and cesium; the
second consists of hydrogen and tritium, together with a few aqueous sodium hydroxide
droplets trapped on the filter.

Various treatment and solidification processes were considered. Because of its alkaline pH,
the aqueous sodium hydroxide was shipped to the La Hague complex for use in neutralizing
acid wastes from fuel reprocessing plants. A filtration system was designed to meet applicable
release limits for gaseous effluents; the system includes a scrubber to trap the residual sodium
hydroxide droplets, a condenser to dry the gas stream, and a HEPA filter. Tritium is released
from the ventilation stack.

4. DESORA Operation

4.1 Construction

The DESORA facility was designed to meet industrial and nuclear requirements. Both the
NOAH process and the DESORA operation were approved by French safety authorities.
UDIN was the prime contractor in this operation, with engineering assistance and industrial
development of the NOAH process by FRAMATOME. The CEA's Process Research
department participated in a consulting role, and performed the chemical analyses necessary for
the contamination balance. The unit itself was built by subcontractors.

General engineering design work was conducted from December 1989 to February 1991,
followed by detailed design and manufacturing from March to December 1991. The unit was
assembled on the site from January to April 1992. The entire operation was carried out in
compliance with Quality Assurance requirements and, for sodium parts, with RCC-MR rules
concerning nuclear island calculation and mechanical instruction codes.



4.2 Qualification Tests with Nonradioactive Sodium

Qualification tests were performed in two phases. A specific commissioning program was
issued, including a step-by-step description of the logical sequence.

The first phase was carried out from May to August 1992 with water in the sodium
injection circuit. The control unit was tested and qualified under simulated normal and
incidental operating conditions, following which the unit was thoroughly dried.

The second phase of qualification testing with nonradioactive sodium was carried out by
specially selected operators who attended a two-week training session focusing on operational
documents and safety instructions, followed by practical training at the facility. Nonradioactive
sodium testing was conducted in several periods:
• September-December 1992: sodium filling and initial testing. The sodium circuit was filled

with nitrogen with the heating system operating, and swept repeatedly to eliminate any
traces of oxygen. The circuit was then filled with 1500 liters of sodium and the electromag-
netic pump was tested. The pump flow rate was observed to decrease in time: analysis
showed that this was due to filter clogging by oxides in the sodium.
The LEWA pump was then tested; after several satisfactory tests, the pump could not be
restarted. The pump diaphragm was modified and the sodium circuit was simplified to
improve flow conditions, but the result was unreliable. After analyzing the difficulties,
testing was interrupted while larger diameter check-valves were designed.

• January-February 1993: continued sodium testing. A special sodium loop known as
CLARA was built to test the new check-valves at high temperatures and pressures. After
several satisfactory tests, the first sodium injection was successfully attempted for several
minutes. Following several short tests, a 3-hour tests was performed with a nominal sodium
flow rate of 40 kg-h'1. A total of 834 kg of sodium were disposed of in about 25 hours of
operation at various throughput rates.

• March-August 1993: implementation of modifications after testing. Changes were defined
and implemented on the basis of the test results, affecting process equipment, operating
conditions and parameter setpoint values. After the modifications were approved by the
safety authorities, the sodium disposal rate was increased from 25 kg-h"1 to 40 kg-h"1.

• September-November 1993: final nonradioactive sodium testing. An additional 12-hour
test at the nominal sodium throughput rate of 40 kg-h'1 confirmed the satisfactory operation
of the unit. Some 650 kg of sodium were disposed of in about 21 hours of operation.

4.3 Radioactive Sodium Treatment Operation

The primary sodium was treated in two phases with the unit operating 24 hours a day.
About 5 tons of sodium were transformed by the end of 1993, when the unit was shut down
for the Christmas holidays. Treatment of the remaining 32 tons was completed by February
1994.

The hydrogen off-gas treatment system proved inadequate. A scrubber was therefore added
in January 1994 to trap sodium hydroxide droplets entrained in the gas.

Two operators supervised the operation in the DESORA facility, and a third operator was
present in the RAPSODEE control room. An additional operator one day a week transferred
the sodium to the disposal facility and drained the sodium hydroxide tanks.

4.4 Final Operations

The DESORA facility was isolated from the primary sodium tank on completion of the
operation. Considering the low level of radioactivity in the facility, no decontamination of the
sodium circuit is planned, but it is maintained under nitrogen atmosphere. The aqueous sodium
hydroxide tank will be rinsed with water and maintained in air. The primary sodium storage
tank in the peripheral gallery was to be rinsed using a special alcohol process.



5. Results

5.1 Sodium Disposal

Thirty-seven tons of primary sodium were treated in two months of continuous operation,
(not including the holiday period). The average sodium treatment rate (including the inter-
ruption) was about 33 1-h'1. The quantity of disposed sodium is plotted versus time in Figure 4.

The treatment produced about 170 m3 of aqueous sodium hydroxide (including the test
volume) that was shipped regularly to the La Hague complex, and about 18 500 m3 of
hydrogen released from the RAPSODIE stack.

The operation was completed under satisfactory conditions, and no failure of sodium
process equipment occurred. Some shutdown commands were issued from the control system,
mainly concerning the conditions in the sodium injection circuit. Operation generally resumed a
few hours later after washing the circuit with hot sodium.

5.2 Radioactivity Measurements

An analysis procedure was implemented as part of the DESORA operation to assess the
radioactivity of the sodium and effluents, and to analyze the radionuclide distribution. The
principal known radionuclides in the sodium are 22Na, 137Cs, 125Sb and 3H (the presence of
125Sb in the sodium is specific to RAPSODIE due to an operating incident). Several gamma
spectrometry measurements were performed on the sodium circuit to assess the radioactivity
entering the unit. Samples taken in the sodium hydroxide and hydrogen circuits remain to be
analyzed.

The contact dose rate in the facility was less than 10 jxGyh"1, with a few peaks of up to
50 uGyh'1. The radionuclide distribution in the effluents was as follows:
• 22Na was the dominant radionuclide in the aqueous sodium hydroxide, with an activity level

of about 1.1 x 108Bq-nV3.
• Cesium was found mainly in the aqueous sodium hydroxide, with only trace amounts

recovered from the HEP A filter in the off-gas line. The cesium activity in the aqueous
sodium hydroxide was about 1.5 * 106 Bq-m"3.

• 125Sb was found primarily in the aqueous sodium hydroxide, with an activity of about
2 * 106Bq-nr3.

• Tritium was found mainly in the hydrogen stream (roughly 50 times more than in the
aqueous effluents).

6. Conclusion
The DESORA operation provided the CEA with significant experience in disposing of large

quantities of radioactive sodium. Disposal of the RAPSODIE sodium was completed in 2
months under good conditions, and the performance targets were achieved. The NOAH
process did not show any capacity limitations, and higher sodium flow rates will be
investigated to deal with larger amounts of sodium in the future.

This experience could be applied to future sodium disposal projects to be implemented by
the end of the century, including the German KNK and British PFR reactors. The results of
these operations would provide the necessary experience for dealing with the several thousand
tons of contaminated sodium that must be disposed of during the next century.
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Figure 1. RAPSODIEfast breeder reactor plant
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