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1. INTRODUCTION

rupting the cooling the fuel element will heat up.

When the temperature sufficient for distillation of

the liquid metal is reached - below the upper tempera-

ture limit - the fuel element vessel is evacuated by

opening a valvo to a large tank. The interval between

distillation temperature and maximum temperature will

be used in an optimal way in that the fuel element

will be exposed to the vacuum only for a short period

of time. The fuel elements will be cooled again,

should they come close to the maximum allowable tempe-

rature. This procedure of heating up, exposing the

fuel element to vacuum and coolirtg can be re-

peated until all sodium at the fuel element has

been removed.

Cleaning of sodium-wetted core components can be

performed by using either lead, moist nitrogen, or

alcohol. The advantages of these methods for cleaning

fuel elements without causing damage are well known.

The disadvantage is that large amounts of radioactive

liquids are formed during handling in the latter two

cases. In this paper a new method to clean components

is described. The main idea is to remove all liquid

metal from the core components within a comparatively

short period of time. Fuel elements removed from

the reactor must be cooled because of high decay heat

release. To date, vacuum distillation of fuel ele-

ments has not yet been applied.

2. PRINCIPLE OF THE METHOD

The new method is based on the following main ideas:

the fuel elements are kept at low temperature by

gas cooling within the distillation vessel. By inter-

The first test results indicate that the cycle

appears to be adequate. Both the large vacuum

tank and the distillation vessel can be drained

to the sodium storage system. Some core compo-

nents like absorber elements develop only a

small amount of decay heat. They will thus be

heated up by circulating gas or by the electri-

cal heating device on the distillation vessel.

It is possible to install a measuring device in

the discharge line of the distillation vessel to

detect fission products should the fuel element

be damaged. Because of the high temperature in

connection with a vacuum there is a high proba-

bility to detect small defects in the fuel clad-

ding often closed by plugging of the sodium or

its impurities.
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3. SYSTEM DESCRIPTION

Test runs of vacuum distillation cleaning of fuel ele-

ments have been performed in a test rig at Bensberg

for several months.

Figure 1 shows a flow scheme of the test rig. The

main part of the system consists of a small distil-

lation vessel which contains the fuel element or

other core components like absorbers. This vessel can

be evacuated and heated up or cooled down very

quickly. It is connected to a large tank which

will be evacuated while the fuel element is

heated up in the distillation vessel.

Two or three connecting pipes are provided be-

tween the large vacuum tank and the small

distillation vessel. They will be opened to the

large vacuum tank when the core component has

reached its temperature to start distillation.

As soon as the specified vacuum in the tank and

in the distillation vessel has been reached the

large tank will be closed and the distillation (Fig- 1,4)

vessel will be directly evacuated by the pump.

Since the temperature of the vacuum tank is lower

than that of the distillation vessel, the sodium

which has been collected in the vacuum tank can

be further drained to the storage tanks. The

gas circuit serves both to cool down the core

components, after completion of distillation to

low values to enable handling and transportation

and also to heat them up subsequently.

PERFORMANCE OF TESTS

During the first test, we measured the amount of

sodium adhering on a fuel element dummy which had

been exposed to sodium. The average adherence

amounted to 180 g if the sodium was drained at

200 °C. The item tested was a SNR 3OO dummy

fuel element which had been handled in sodium

for several times, mainly for hydraulic tests.

It was of the same size and of the same material

as that for the SNR 3OO fuel elements. The fuel

element itself could not be heated. To clean the

surface of the fuel element from sodium oxide

residuals it was exposed to streaming sodium at

a temperature of 500 °C. The plugging of the

sodium temperature was below 130 °C. The sodium

was then cooled down to a temperature of about

200 °C and drained. Subsequently, the distillation

vessel and the fuel element were heated up by an

electrical trace heating system to a temperature

of about 500 °C. Only the distillation time was

varied during these first test series.

Figure 2 gives a typical picture of the pressure

in the connecting pipe between the large vacuum

tank and the small distillation vessel during

vacuum distillation.

TEST RESULTS
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The following table gives a survey of the test

results. It shows that vacuum distillation appears

to be a very promising method of cleaning irradiated

core components, especially the fuel elements.

Fig. 3.



Table 1

Test run duration of
distillation

1 27 minutes

2 25 minutes

remaining sodium
on the element

895 milligrams

750 milligrams

6. FUTURE TESTS

The tests will be continued by varying the most

important test parameters. The main goal for

further tests will be a reduction of the time re-

quired for distillation. In addition, tests for

detection of defective fuel elements will be per-

formed. If these tests are completed successfully,

the new distillation and fuel failure detection

method can be used for the fuel handling procedure

of future LMFBR's.
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1 DISTILLATION VESSEL

2 FUEL ELEMENT

3 VACUUM TANK

4 SODIUM VAPOUR TRAP

5 VACUUM PUMP

FLOW DIAGRAM OF THE TEST RIG FIG 1
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SNR 300 FUEL-ELEMENT DUMMY

BEFORE (A) AND AFTER I B )

CLEANING BY VACUUM DISTILLATION

FIG. 3
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1 DISTILLATION VESSEL

2 FUEL ELEMENT

3 VACUUM TANK

4 SODIUM VAPOUR TRAP

5 VACUUM PUMP

6 COOLING SYSTEM

7 FISSION GAS MONITOR

FLOW DIAGRAM OF THE VACUUM

DISTILLATION FACILITY

FOR CORE COMPONENTS
FIG. I*
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Introduction

INTERATOM has been concerned since 1967 with the develop-

ment, testing, and application of methods to clean sodium-

wetted components by moist nitrogen, vacuum distillation

or alcohol.

The activities of INTERATOM in this area have been re-

ported at the IAEA Specialists' Meeting on "Decontamina-

tion of Plant Components from Sodium and Radioactivity"

in Dounreay, April 9 - 1 2 , 1973 ^~1_7-

The three cleaning methods mentioned above are practised

at present, too - with minor modifications - by INTERATOM

and in the facilities of the SNR project.

This note summarizes the experiences of INTERATOM with

methods of sodium removal since 1973.

Experience with Moist Nitrogen Cleaning

Cleaning of sodium-wetted components from INTERATOM test

facilities is mostly performed by the moist nitrogen

cleaning procedure which is also the reference method
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