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ABSTRACT

Obtaining a representative sample is crucial for getting reliable results in sodium

analysis. Sampling liquid sodium reliability is complicated since impurities segregate while

cooling. Selective sorption of certain elements calls for use of different crucible materials

for various sodium impurities. Sampling methods currently in use such as flow through

sampling and dip sampling are not the proper methods as they can not take care of the above

problems. An overflow type sampler where the entire sample contained in a crucible can be

used for analysis thus obviating problems due to segregation has been developed for use in

FBTR. This report describes the construction and operation of this sampler.
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1.0 INTRODUCTION

Periodic monitoring and control of impurities in sodium circuits of a fast reactor by

regular chemical analysis is important for trouble-free operation of the system. Presence of

impurities in sodium can lead to plugging of sodium lines, enhance corrosion of structural

materials and transport of radioactive materials to various parts of the coolant circuits. Non-

metallic impurities such as oxygen, hydrogen and carbon are generally picked up by sodium

from leakage of air into the cover gas and lubricants used in sodium pump shafts into

sodium during operation of the reactor. Presence of oxygen in sodium enhances the

corrosion and mass transfer processes. Increase in carbon levels leads to carburisation of the

structural materials. Presence of hydrogen may lead to hydrogen embrittlement. It is also

essential to analyse the sodium for trace metals in sodium, as this could provide valuable

information about the system being handled. In the primary circuits, presence of radioactive

nuclides in sodium could be due to 1. activated corrosion products, e.g. 54Mn, 60Co, 59Fe,
51Cr, 65Zn etc., 2. fission products released owing to clad failure, e.g. 137Cs, 131I etc., 3.

fuel materials released into sodium stream in the event of fuel-coolant interaction, e.g.

uranates and plutonates of sodium in the case of oxide fuel and 4. tritium build up in the

circuit. In the secondary circuits, the trace metal analysis assumes importance from the point

of corrosion and mass transfer occurring due to the polythermal nature of the loop and the

different structural materials employed. Increase or build up of any particular impurity or

radioactive nuclide could give information about accidental leak of that impurity into

sodium or failure of the fuel cladding. All the above factors call for regular analysis of the

sodium coolant. Obtaining a true sample of the sodium coolant forms the first step in this

exercise

2.0. CHOICE OF SUITABLE SAMPLER

Proper choice of a sampling technique to obtain a representative sample of the

sodium in the circuit is very important for arriving at the true value of the impurity even

when a suitable analytical procedure is employed. The composition of the entire sample has

to remain unchanged till the analytical work begins. There can be many problems in this and

this is so since the solubilities of most of the impurities in sodium are very low and highly
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temperature dependent leading to segregation of the impurities while cooling the sampled

section. Thus, obtaining sodium sample which is representative of the bulk is difficult

owing to problems of impurity segregation, selective sorption on surfaces and accumulation

at interfaces [1]. The segregation of impurities on the walls of the sampler is observed to

take place even in the case of impurities that are highly soluble in liquid sodium such as

cesium [2].

Various types of samplers are being employed in reactor circuits and experimental

sodium loops. The widely used ones are given below.

1. Flow-through sampler

2. Extrusion Sampler

3. Bucket sampler

4. Segregated Iodine Sodium Sampler and

5. Overflow sampler

2.1. FLOW-THROUGH SAMPLER

In this type of sampling, a thin walled tube of stainless steel or nickel of 1/2-inch

diameter is used as the sampler. This tube may either be attached to the sampler section by

means of suitable tube fittings or by welding. Fig. 1 shows a typical flow through sampler

wherein sodium being sampled is allowed to flow through the tube for a given length of

time at the sampling temperature. After flushing, the sodium flow through the section is

stopped and the ends of the tube containing the sample is usually crimped. This can help to

avoid contamination by external impurities. The tube is also crimped at suitable lengths to

prevent axial segregation. The sodium is cooled to freeze the sodium and the sampler is

removed. The ends are capped and the sampler tube containing sodium is then transferred to

an inert atmosphere glove box. Samples are taken for analysis by cutting required lengths of

the tube and melting out the sodium which is then analysed for impurities such as oxygen,

hydrogen and carbon.

The flow-through sampler is being used in the secondary circuits of FBTR. When

such a sampler is cooled from the sampling temperature to room temperature, the impurities

present in sodium segregate towards the outer layers of the sample and to the walls of the

sampling device [2-3]. This is so because the solubility of impurities in sodium is a strong

function of temperature. When samples of sodium are taken for analysis by melting out the



sodium, most of the impurities stay back on the walls of the tube leading to erroneous

results. The segregation effect has been observed even in the case of readily soluble nuclides

such as

2.2. EXTRUSION SAMPLER

The extrusion sampler is a miniature version of the flow-through sampler and is

made of a stainless steel tube with Swagelok tube fittings on either side of the tube. Hot

sodium is allowed to flow through the sampler for sufficient length of time before the flow

is stopped and the sampler tube cooled. It is then transferred into an argon atmosphere glove

box, opened in the middle and the sodium samples in both the halves are extruded out using

a piston and press arrangement. The extrusion sampler has been employed for the

determination of oxygen and carbon impurities at ANL [2]. This has all the drawbacks of

the flow-through sodium sampler. However, this sampling technique also suffers from

problems arising out of segregation of impurities.

2.3. BUCKET SAMPLER

Bucket samplers or dip samplers as they are called, are employed to obtain samples

from sodium pools as in the case of primary sodium pool in the reactor vessel. This

technique involves inserting a suitable crucible or bucket into a pool of sodium and

withdrawing the same into an inert atmosphere enclosure prior to taking out the sample. A

typical representation of the bucket employed for sampling in the primary sodium pool of

FBTR is shown in Fig. 2 [4]. Samples taken by this technique suffer from certain drawbacks

as given below. It is known that the impurities in sodium can accumulate at the sodium-

cover gas interface. Thus dip sampling carried out near the surface and in the bulk will lead

to conflicting analytical results. Moreover, since the dip samples are exposed to atmosphere

for a short duration during transfer to the sample container, the same cannot be used for the

analysis of non-metallic impurities. In addition to these, the segregation of impurities to the

walls of the bucket can affect the results when sodium from the bucket is taken out by

melting for chemical analysis. However, this sampling method is attractive for the

determination of radioactive trace metals by counting techniques for impurity surveillance

in the primary circuits.

2.4. SEGREGATED IODINE SODIUM SAMPLER

This sampling technique is specifically employed to determine 131I in primary

circuits. This takes advantage of the near complete segregation of iodine to the walls of the

sampling tube when cooled [2]. The sodium after sampling at a higher temperature



(~300°C) is cooled typically to 110°C and then drained. During this process the 24Na is

drained out leaving the 131I at the walls of the sampling section almost quantitatively. The
13 !I can be estimated by counting techniques immediately after sampling before significant

decay occurs, without interference from 24Na activity. The 131I thus estimated corresponds

to about 95% in the original sodium sample and this technique can be used as a rapid

method of determination for 131I in the event of fuel failure. SISS is in use in EBR-II for

determining 1311 in primary sodium.

2.5. OVERFLOW TYPE SAMPLER

In overflow type sampler, sodium is allowed to flow over a series of crucibles kept

one over the other by means of a sample holder in the form of a ladder. The sodium

collected in each crucible is taken for analysis in its entirety. Various modifications of

overflow type sodium samplers are reported in the literature [2,5]. The sampler incorporated

in Radioactive Sodium Chemistry Loop (RASCL) at MCD, IGCAR is shown in Fig. 3. This

is based on the design developed at Central Technical Institute TNO, Delft, Netherlands [5].

In this sampler, Sodium flow is maintained in the sampler vessel at a high enough

temperature (300°C) for sufficient length of time. After flushing, the flow is stopped. The

sampler is then valved-out and sodium freeze seal is formed at the mechanical seal at the

inlet and outlet sections. The excess sodium outside the crucible in the sampler vessel is

then sucked out by the application of vacuum through the vacuum line thereby leaving the

sampler with crucibles full with sodium. The sampler is then cooled and disconnected. The

sampler assembly is taken into an inert atmosphere glove box and the crucibles taken out.

The sodium in the crucible is analysed in its entirety thus avoiding loss of impurity due to

segregation at the wall. Crucibles of different materials can be used for obtaining samples

for different impurities. Ideally, an overflow sampler should be operated at the temperature

of sodium in the system in order to avoid effects of impurity precipitation and change in

concentration. This technique completely avoids the problems due to impurity segregation

and so it is the most suitable technique for sodium sampling.

3.0. DESCRIPTION OF OVERFLOW TYPE SAMPLER FOR FBTR

In order to overcome the problems associated with flow-through and bucket

samplers, it was proposed to incorporate an overflow sampler in the secondary circuits of

FBTR. The overflow type sampler fabricated in MCD, IGCAR for this purpose is also based

on the TNO design [5 J wherein the crucibles for collecting the sodium are stacked one over

another as shown in Fig. 4. Sodium enters from the top (A), flows over the crucibles and

leaves the sampler through the outlet at the bottom (B). After flushing the crucibles for a

sufficient length of time, (generally 2 hours with sodium at the system temperature) the



sodium flow is stopped by turning off the valves 1 and 2. The excess sodium in the sampler

is then transferred to the collection vessel (C) by application of vacuum, leaving behind the

crucibles in the sampler vessel full with sodium.

The sampler vessel is fabricated using 40 NB-SCH 40 stainless steel type 304 pipe.

The crucible holder, containing five nickel crucibles of 5 mL capacity each, can be

introduced from the top of the sampler and secured leak-tight using knife-edge flanges

employing annealed nickel plated copper ring gasket. On completion of the fabrication of

the sampler the final leak checking has been carried out by helium-mass-spectrometric leak

detection technique. The sampler along with the vacuum system is given for incorporation

in the secondary circuits of FBTR. Based on the experience with this sampler, a similar one

for the primary circuits of FBTR will be fabricated if needed.

4.0. CONCLUSIONS

An overflow type sampler has been designed and fabricated for use in the secondary

circuits of FBTR. Samples are obtained in crucibles so that the entire content of crucible can

be used for a given analysis. The procedure for sampling sodium from a circuit has also has

been worked out.
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- ANNEXURE

OPERATING PROCEDURE FOR OVERFLOW TYPE SODIUM SAMPLER

1. Connect the sampler to the sampler section of the coolant circuit by means of

conoseal joints in sodium inlet and outlet lines. Gas valve (D) above the sampler

collection chamber is in closed position. Sodium inlet valve (A) and outlet valve

(B) are also in closed position.

2. Evacuate the sodium collection chamber to 10"3 (using a vacuum pump) torr by

opening the gas valve and sodium valve (D) above sodium collection chamber.

3. Close gas valve and the sodium valve (D) above sodium collection chamber.

4. Heat the sampler assembly to 300°C.

5. Open sodium valve (C) between sampler collection chamber and sampler vessel

slowly.

6. Open gas valve above the sodium collection chamber and evacuate the entire

sampler assembly to 10'3 torr. This is to check the leak tightness of the all conoseal

joints in the sampling system.

7. Close sodium valve (C) between sampler vessel and the sodium collection chamber

and gas valve (D) above sodium collection vessel.

8. Heat the sodium supply and return lines to required temperature.

9. Open the sodium valves (A) and (B) leading to the inlet and outlet of the sampler.

Sodium enters from the top and flows over each crucible in the sampler. A sodium

flow rate of 80 L/h to be maintained.

10. After an hour of flushing, close the sodium vah'es (A) and (B) leading to the inlet

and the outlet of the sampler. The temperature of the sampler to be maintained at

300°C.

11. Remove the thermal insulation over the conoseal joints (1) and (2) at the inlet and

outlet lines and cool the joints to room temperature by forced air cooling.

12. Put off the heaters to the sodium supply and return lines.



13. Open gas valve (D) above the sodium collection chamber and evacuate the chamber

to 10"3torr

14. Close the valve (D) above the sodium collection chamber.

15. Open the sodium valve (C) between sampler vessel and sodium collection chamber

to allow excess sodium in the sampler vessel to be transferred to the sodium

collection chamber.

16. Close sodium valve (C) between sampler vessel and sodium collection chamber.

17. Put off heater to the sampler assembly and wait for the sampler to attain room

temperature. Disconnect conoseal joints at the inlet and return lines. Close the

conoseal joints, both in the loop section and in the sampler assembly with suitable

dummy fittings.

18. Transport the entire sampler assembly to MCD for analysis of sodium.


