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SUMMARY

Large water leaks in steam-generators give rise to violent chemical

reactions which can only be controlled by a pressure relief system.

Smaller leaks do not pose direct safety hazards hut wastage oi pipes

surrounding the leak should be prevented.

Leak detection is best carried out by monitors recording the hydrogen

in sodium content. For large leaks the specification of these monitors

causes no problems, contrary to those for the timely detection of small

leaks. Essential parameters are sensitivity and speed of response, spe-

cificity is less important.

But apart from the instrument specification, a number of factors,

related to the construction and operation of the steam-generator, deter-

mine the performance of the leak detetcion system.

A discussion of these factors is given, with a view to the design of

the SNR-300. Although the results of many theoretical studies and ex-

perimental work are available, there seems to be room for further inves-

tigations on the growths of minor leaks. Also lacking is sufficient ex-

perience concerning the level and fluctuations of the hydrogen background

in the sodium.

A description is given of the hydrogen monitor developed at TNO, which

is based on a combination of a nickel membrane and an ion getter pump.

The parameters of this instrument have been evaluated in a test rig.

Operational experience with the monitor is available from the 50 MW

Test Facility at Hengelo.

Especially for further studies the need for a calibrated instrument has

become apparent. Test are going on with a modified design of a monitor

meeting this requirement.

1. INTRODUCTION

It is generally assumed that the incidence of leaks in steam gene-

rators 'for sodium cooled fast reactors has a high probability. Therefore

adequate leak detection is needed with a view to safe and economic opera-

tion.

Large leaks, due to tube failures, etc give rise to violent chemical

reactions. Detection of these leaks is relatively simple and pressure relief

systems are available to contain the risks.

With smaller leaks the main object of leak detection is to prevent

damage to the tubes surrounding the leak. In this way the actions necessary-

after an accident will be of a simple nature.

Usually plugging of the leaking tube will be sufficient.

The borderline between large and small leaks depends on a number of

factors related to the design and operation of the steam generator.

In general it will be in the vicinity of 1 kg H^O per second.

Of the many candidate leak detection instruments the hydrogen in sodium

monitor has now found very general acception. We have developed such a device

and have many years experience with its use in a 50 MW Test Facility.
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2 . CHOICE OF A LEAK DETECTION SYSTEM

For the detection of water leaks in the secondary sodium system only

hydrogen in sodium monitors, oxygen in sodium meters and acoustic detectors

still find support. By far the most serious candidate is the hydrogen monitor

based on the diffusion of hydrogen from sodium through a nickel membrane

into a vacuum system.

Some investigators suggest the oxygen meter as a secondary monitor

for confirmation purposes. Others however fear that this will only add to

the confusion.

The acoustic detector is in principle very attractive since it would

respond more or less momentaneously and offers bright outlooks for locating

of leaks. However practical results obtained with this detector sofar are

not too promising so that at least a couple of years will be necessary

before it will eventually become a serious candidate.

3. THE THO HYDROGEN MONITOR.

Our experience with hydrogen in sodium monitors dates back to 19^T-

After prelimary tests with a fev other types we chose the combination of a

nickel membrane with an ion-getterpump for further evaluation and use.
2 3)

On the basis of this principle we and several others ' have tried

out various modifications. The main parameters of the instrument are given

below, along with the range they show in the different designs:

Membrane surface 10 - U00 cm

Membrane thickness 0,2- 0,5 mm

Capacity of getterpump 2 - 25 1/sec.

Operating temperature U00- 500°C

Pressure in vacuum system 10 - 10 Torr.

Most investigators use the current of the getterpump as the instrument

signal. This current is linearly dependent on the pressure in the system.

Sometimes a mass spectrometer tuned to hydrogen is connected to the

system guaranteeing absolute specificity. In practice however the pump

current is quite satisfactory, because the diffusion of hydrogen through

the nickel completely dominates that of other impurities. Besides the

vacuum system is very reliable, so that the risk of atmospheric impurities

leaking in can be neglected.

Calibration is usually carried out by injection of known amounts of

hydrogen into the sodium loop. Typically the calibration curve is more or

less a straight line.

In another method of calibration use is made of the known relationship

between the equi libriumpressure of hydrogen and its concentration in sodium lho

Schematically this procedure is illustrated in Figure 1. When operating as

a monitor valve A is open and the pump current is a measure of the hydrogen

in sodium. To calibrate the instrument the getterpump is isolated from the

rest of the system, so that the pressure rises rapidly to the equilibrium

value due to the hydrogen diffusing through the nickel. This equilibrium

pressure is measured by means of an ionization gauge and the corresponding

hydrogen concentration can be calculated. If more points on the calibration

curve are needed, the hydrogen level in the sodium loop must be changed, for

instance by means of the cold trap. Especially in large rigs this calibration

method has distinct advantages since it obviates hydrogen injections.

For the leak detection purposes an accurate calibration of the hydrogen

monitor is not strictly needed since much can be concluded from signal changes.

However' the interpretation will be much easier and for the study of phenomena

such as hydrogen diffusion from the steam to the sodium regular calibra-

tions are necessary.

In most installations therefore it is intended to incorporate one or

more instruments with equilibrium pressure calibration for reference pur-

poses.

Depending on design, background level and operating conditions, the

detection limit varies between 0.1 and 0.005 ppm. The response time of the

diffusion process is negligible compared to the transport time of hydrogen

through the component and the sampling lines.

h. EXPERIENCE WITH HYDROGEN MONITOR IN SODIUM RIGS.

Several hydrogen monitors have been in use for many years in Apeldoorn

in various tests rigs for corrosion studies, instrument evaluation, thermal

shocks, heat transfer a.nd cold trap studies and mechanical pump testing. With

none of them significant problems occurred.

In Hengelo at the 50 MW SCTF h monitors have been installed; one at the

inlet of the superheater and one each at the outlet of the superheater,

steam generator and reheater. There also, no operational problems arose.

In August 1972 a leak occurred in the reheater during starting-up

of the installation. Figure 2 illustrates the signal obtained from the hy-

drogen monitor at the outlet of the reheater.

The decline of the signal after the initial rise is caused by the fact

that a large hydrogen gas bubble developed and blocked the sodium flow in

the reheater.



The leak was caused Ъу a weld defect in the tube plate and secondary

leaks occureed in 2 other tubes by wastage. The incident was very instruc-

tive with respect to detection of leaks and actions to be taken afterwards.

In April 1973 another significant rise of the detector signal occurred.

The recorder trace obtained then is illustrated in Figure 3. Extensive tests

were carried out, but no leaks cauld be detected. It is assumed that the rise

of the signal has been due to the release of a quantity of hydrogen that had

been trapped in an air cooler, which forms part of the system.

5. DISCUSSION OF THE MOST IMPORTANT FACTORS.

The possibility to detect small leaks before serious damage occurs depends

on many factors. The situation is too complex to come to a straight-forward con-

clusion. The statements made below are therefore of a tentative nature.

5.1 Wastage in the vicinity of the leak.

It is well known that a leak of water into the sodium causes wastage of

structural components in its vicinity. These effects have been studied at

a number of places ' ' with variable results. Besides the leak rate,

factors like the flow rate past the leak, distance from the leak and the

structural materials used,seem to be the most important.

Generally speaking it can be assumed that wastage by leaks smaller

than 10 g/sec is negligible. Other authors however cite a limit of

1 Л g/sec instead .

Another question is how wastage of the leaky tube itself will cause

the leak to grow. To answer this question only very limited information

9) -1

is available . It seems that leaks with a rate of 10 g/sec or below

remain more or less constant for an hour or longer and then eventually

start to grow rapidly.

Further evidence on these phenomena is urgently needed.

5.2 Background hydrogen level.

The detection limit of a hydrogen in sodium monitor depends on the

hydrogen leve] of the sodium. Roughly it can be assumed that the detection

limit amounts to some 10% of the background level.

The hydrogen level in a sodium system is mainly governed by the cold

trap conditions. By efficient cold trapping a level of about 0.05 ppm

hydrogen is possible, leading to a detectable concentration change of

0.005 ppm
 Ю

К
9)

Some investigators have suggested to isolate the cold trap, thus

making a continuous small leak easier detectable. However this advantage

should be balanced against the negative effects of a higher background

signal.

Another factor to be considered is the diffusion of hydrogen, formed

by aequous corrosion, to the sodium in the steam generator. Although rela-

tively little is known about this phenomenon it can be assumed that it

is negligible under stable conditions. During starting up it might be

quite a"nuisance.

5.3 Sodium Flow Rate.

The increase in hydrogen concentration during one passage of a component

is, for a certain leak rate, inversely proportional to the sodium flow rate.

This increase will be observed if monitor signals at the inlet and outlet

of the component are compared.

The increase of the hydrogen level in the secondary system as a whole

will be slower, due to mixing of the flow from the leaking component with

unpolluted sodium from other components. This rate of increase is obtained

by dividing the leak rate by the sodium inventory of the system.

As mentioned above, some investigators ' ' report a decrease of wastage

rate at higher sodium flow rates.

All this makes, that it is difficult to predict whether a change in

flow rate will affect the leak detection favourable or unfavourable.

5 Д Response time.

The time needed to detect a leak with a sodium quality controlling

instrument (such as a hydrogen monitor) consists mainly of three fractions:

a. The time needed for transport of the reaction products to the

sampling point.

b. The time needed for the hydrogen to traverse the sampling by-pass

system

c. The intrinsic response time of the monitor.

Usually the response of a hydrogen monitor is very fast compared to the

time fractions a and b. When the by-pass system is properly designed, also

the time lost here can be neglected.

The transport time in the component thus is generally the governing

factor in the speed of response. It cannot, however, be decreased at will.

Especially at loads below a 100$, this time will be of the order of minutes.

The design of many components will incorparate incomplete mixing of

the sodium content. This may lead to a very serious delay in the detection

of a leak. At any rate designers should avoid stagnant sodium in regions
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where the possibility of leakage is above the average (tube plates, etc).

5.5 Interpretation of monitor signals.

If a monitor records an increase of the hydrogen level in sodium, the

operator has to decide upon what action to take. He will need the guidance

of clear instructions to take the correct decision.

In many cases a straightforward conclusion will be rather difficult.

Not only small leaks, but also certain incidents in the cold trap, changes

of operational conditions, etc. may result in a (temporary) rise of the

monitor signal. Simply setting a limit for the hydrogen level in the sodium

is therefore not feasible. At the very least also the rate of increase

of the level will have to be taken into account. Also useful in reaching

a decision are the comparison of signals of different monitors, temperature

and flow measurements at various places in the system.

To alleviate the task of the operator it is recommended to use a

computer to process the available information. The same equipment can ad-

vantageously be used to correct the temperature influence on the monitor

readings.

It is however'generally accepted that no action should be taken

automatically, but only after personal judgement.

6. PROSPECTS FOR LEAK DETECTION IN THE SHR 300.

For a discussion of these prospects the following design parameters of

SNR 300 have been used:

Sodium Inventory of Secondary System 330 tons

Sodium Inventory of straight tube S.G.

Sodium Inventory of helical coil S.G.

Flow rate of sodium in each evaporator

5.8

9.3 m
J

0Л2 m
3
/sec

(= ЗбО kg/sec)

Due to a large scatter in the available data the conclusions given

below are tentative in nature.

For a confirmation further experimentation will be necessary.

In principle there are two methods available for the detection of

small leaks:

In the first method the difference of the hydrogen level at the inlet

and outlet of each component is monitored. The instrumental arrangement

illustrated in Figure 1+ is one of the possible configurations to do this.

The hydrogen monitor alternately scans the sodium sample flows from inlet

and outlet.

Assuming a limit of detection of 0.005 ppm H concentration change,

it can be calculated for the SNR that a leak of about 15.10 g H 0/sec.

will be visible under favourable conditions. In practice perhaps a rate
_2

of about 5-Ю g/sec is more realistic.

The response time is mainly due to the passage time for the steam

generator. For the straight model this amounts to Ik sec. and for the

coiled generator to 22 sec. Additional time has to be allowed for the

switching of the sample streams, so that in practice the response time

will be less than one minute.

Wastage rates vary with operating conditions, with materials and

with authors cited. As a general rule one may say, that if indeed the leak

is kept below the stated size and detected within the given period, the

wastage that has occureed will not have caused serious damage.

A second method of leak detection is to monitor the change of the

hydrogen level over a longer period. Since the sodium flows 12.5 times

per hour through the secundary system, this means that 12.5 step increases

of the hydrogen concentration take place every hour.

9) -k .

Franch studies indicate that at a leak rate of about 10 g/sec

it takes at least 10 hours for the leak to start growing rapidly. During

this period the rise in the hydrogen concentration will amount to about

O.OOlt ppm, assuming that no losses by cold trapping, etc. occur.

It does not seem realistic to think that a drift with this slope will

be detected irrefutably. Before it is feasible te rely on this cumulative

detection method it will be necessary to ensure the utmost stability of

monitors and operating conditions and to have more information about the

growth of leaks. Also it would hardly be possible to locate the position

of such microleaks, while it is furthermore known that these leaks often

self-block with reaction products.

It will be clear that the first method (figure k) is to be preferred.

In comparison with the second method it has the following advantages:

1. Lower response time

2. Better sensitivity

3. At lower loads sensitivity is enhanced

k. More information about the position of the leak

5. Less interference from operational variations, such as

cold trap conditions

6. Second detection method can be applied without additional

instrumentation.
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Disadvantages are:

1. More monitors needed; higher costs

2. More information increases the need for data processing

and automation.

Instead of the configuration sketched in Figure 1* it is also possible

to use separate hydrogen sensors at the inlet and outlet of the component

and to record the difference of their signals. Advantages are:

1. Quicker response possible

2. No switching of sodium sample streams.

Disadvantages are:

1. Probably higher cost

2. If the response of both sensors is not very well matched,

the signal difference will be error.

7. LOCATING OF LEAKS AFTKR SHUT-DOWN.

Many methods in use or under development for this purpose are outside

the scope of this paper. But we want to draw attention to a method using

the same instrumentation as for leak detection. The procedure is as follows:

After the steamside of the leaking component has been blown off and purged

with nitrogen, the sodium is heated to approx U00 C. Then hydrogen is applied

at the steamside and the hydrogen in sodium is recorded. This can Ъе

carried out tube by tube so that a leaking one can be singled out.

8. CONCLUSIONS.

8.1 Hydrogen in sodium monitors are to be preferred for leak detec-

tion in'steam generators at this moment.

8.2 Recording the difference in hydrogen concentration for inlet and

outlet of each component offers the best prospects for leak detection.

8.3 In the majority of the cases it probably will be possible to

detect a water leak before such damage has occurred as to necessitate ex-

tensive repair.

8.1+ It is advisable to use electronic processing of the various mo-

nitor signals and additional information. This will lead to better judgement

and quicker decisions by the operator.

8.5 Many further studies will have to be undertaken. Most urgent are

improvement of monitors and experiments concerning wastage and leak growth

rates.

8.6 Besides leak detection also methods for tracing leaks after shut

down are important.

8.7 Designers of sodium components will have to consider the special

needs for leak detection more carefully.

8.8 Use of materials more resistant to wastage, such as Incoloy and

stainless steels, can be significant for the timely detection of leaks.

8.9 The larger the components (sodium flow rate and inventory) the

more the more problematic adequate detection of leaks will be.
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