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ABSTRACT

In the ASB-sodium loop a series of injection experiments with

water, helium, argon and nitrogen was performed. The aim of

these tests was to get

- a comparison of the acoustic signals,

generated by water and by gas injections

with regard to intensity and frequency

content

- an experimental basis for the design of

an acoustic calibration source.

The experimental set-up, the variation parameters and first

results will be discussed. The principal design of an acoustic

calibration source and its range of application will be given.
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Introduction

Until now all steam generator surveillance systems in operating

breeder reactors are based on the detection of hydrogen, genera-

ted in the sodium-water reaction. This very sensitive method has

one disadvantage: it may be too slow because of the transport

time needed to bring the hydrogen from the leak to the detector

position.

Because of its fast response acoustic leak detection could be

a useful additional method.

The necessity for the use of fast responding leak detection systems

is confirmed by recent steam generator failures in "Phenix".

Fig. 1 gives a, summary of the past, present and future activities

of the test program for acoustic leak detection at INTERATOM.

During the past years the main problem was the measurement of

background noise in various test facilities. Now much effort

is put into the comparison of acoustic signals produced by steam-

and gas-injections into sodium, into the measurement of real leak

noises in a test loop and into the design of a calibration source.

During the next years a calibration source will be applied to the

SG of the KNK-reactor.

Signal analysis methods must be critically reviewed before final-

ly a concept for an acoustic SG surveillance system for fast bree-

ders can be designed.

Conclusious from Background Noise Measurements

To summarize the various background noise measurements, some

general conclusions should be mentioned:

- Structure-borne noise gives sufficient information about

the process inside a SG component.

- Normal, unavoidable noise (flow, evaporation) is rather

limited in amplitude and frequency content. It varies

mainly with the power level. Temperature and pressure

variations are of smaller influence. This kind of noise

should be no serious obstacle for an acoustic leak detection.

- Avoidable noise (cavitation, condensation, mechanical rattling

of devices) may have high intensities and a wide frequency

range. It can cover the sound waves of leakages completely.
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So SG should be designed carefully to avoid all extra noise

sources.

- Noise identification requires good knowledge of SG design

and operating conditions.

- Single components, connected only by pipes, are often nearly

decoupled as far as acoustic transmission is concerned.

- A good acoustic coupling to the internal of a SG can be

reached if the sensors are placed near the tube plates.

- Hydrogen bubble have two acoustic effects: Production of low

frequency noise and attenuation of high frequency noise. The

second effect seems to be dominant.

Steam and Gas Injections in a Sodium Loop

When there is a small leak in a water filled tube of a sodium

heated steam generator several effects.may contribute to the

formation of noise (fig. 2). In the leak channel water flow,

water evaporation or cavitation may contribute to the total

noise level.

In the reaction zone the sodium-water reaction itself, the

generation of hydrogen bubbles, and the evaporation and conderv^'

sation of sodium can also influence the total noise. The im-

portance of the different effects depends strongly on the special

conditions of the leak.

The investigation of the different noise components may be

possible and interesting. But it also is expensive and time

consuming. So it was decided to use a pragmatic way to design

the calibration source. Former experimental results have

indicated that flow noise is the dominant part of the total

leak acoustic signal. A running experimental leak propagation

program was extended and different gas injections were included.

Fig. 3 gives a scheme of the gas and steam injection device.

The steam generator model (1) is about 5 m high with a dia-

meter of about 0.6 nr. It is filled with liquid sodium and con-

tains a tube-bundle-dununy (2) . In the lower part the injection

nozzles (3) are inserted into the sodium. Acoustic sensors (5)

are mounted on the outer shell of the steam generator. Nine

nozzles with leak diameters between 0.3 and 5 mm are used. They

are covered by thin protective foils. First the injection nozzle

is coupled to the water supply with a pressure of 150 bar. After

the valve is opened the protective foil bursts and water is

pressed into the sodium for a few seconds. The same nozzle is

then used for the injection of helium, argon and nitrogen.

The whole acoustic program consists of injections of steam,

helium, argon and nitrogen with 9 nozzles of different leak si-

zes, 3 - 4 different pressure levels and 3 different sodium

temperatures (fig. 4). In some additional tests the gas jet was

directed against the outer wall of the steam generator model.

The evaluation of the experiments is still going on. First

results show that gas jets directed against the wall from outside

do not match the frequency content of leak noise very well. The

best correspondence can be gained by helium injection into sodium

at a somewhat smaller pressure difference.

Fig. 5 shows rms-levels for steam and helium injections. The

first spike in the steam injection diagram is caused by the

burst of the foil' at the nozzle. After about half a minute

the valve is closed and the signal drops down. Helium was

injected at various pressures (10, 50, 100 and 150 bar) causing

a stepwise increase of the rms-level.

The results of argon and nitrogen injections (fig. 6) are

somewhat lower in the intensity levels.

In fig. 7 a power spectrum for steam injection with a 0.5 mm 0

nozzle can be seen. Fig.. 8 shows the power spectrum for helium
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injection with the same nozzle and for the same acoustic sensor,

at a little lower pressure level. The two spectra agree pretty

well in frequency content as well as in intensity.

A power spectrum for ahc-lium jet directed against the structure

is displayed in fig. 9. The difference in comparison with the

spectra for injections into sodium is evident. It can be explained

by the absence of bubbles.

Development of an Acoustic Calibration Source

Water injections into sodium can only be performed in test

facilities, not in nuclear power plants in operation.

If one is interested in the signal to noise ratio or in the

transmission of acoustic leak signals in an operating power

plant one has to use a simulated source of leak noise.

The calibration of acoustic sensors during power plant operation

is another problem that could be solved by application of a

simulated source. -

This simulated acoustic leak source should transmit signals very

similar to a substantial leak without using the real sodium-water

reaction because of safety aspects.

So the development of an acoustic calibration source of this

special type is an important task.

The preliminary results, just mentioned before, encouraged us

to design a calibration device, based on the fact, that the leak

noise characteristic is predominantly determined by the jet-flow

into a fluid rah_£er than by special reaction noise components.

The principle design of a rather simple calibration device is

out_lined in fig.1C. Gas bubbles (e.g. helium ) are injected via

a nozzle into a small fluid tank outside the steam generator partly

filled with water. This little tank is acoustically coupled to

the outer wall of a steam generator by a steel coupling rod. So

the transmission of the simulated leak noise along the steam gene-

rator can be investigated or the sensors can be calibrated in a

power plant during operation.

A calibration source of this type is just under construction.

It will be tested in a sodium loop in Bensberg and afterwards it

will be applied to the SG of the KNK power plant in Karlsruhe.

It is of great advantage that the steam generators can remain

completely unchanged except the coupling of the calibration source.

So extensive safety analyses and time consuming licensing pro-

cedures can be avoided.
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TEST PROGRAM FOR ACOUSTIC LEAK DETECTION

PAST: - BACKGROUND NOISE MEASUREMENTS
(AND WATER-/STEAM INJECTIONS)

. HELICAL COIL MODEL
(ASB-LOOP. BENSBERG)

• STRAIGHT TUBE MODEL
(NA-LOOP. APELDOORN)

. SNR-3OO PROTOTYPE SG.
(50 MW-LOOP/ HENGELO)

. CNEN-NIRA PROTOTYPE SG.
(LES RENARDIERES)

PRESENT: - COMPARISON OF ACOUSTIC SIGNALS
PRODUCED BY STEAM - AND GAS - INJECTIONS

- DESIGN OF A CALIBRATION SOURCE

- ACOUSTIC MEASUREMENTS WITHIN THE
LEAK PROPAGATION PROGRAM

FUTURE: - APPLICATION OF A CALIBRATION SOURCE
IN THE KNK REACTOR

- APPRAISAL OF SIGNAL ANALYSIS METHODS

- DESIGN OF AN ACOUSTIC SG- SURVEILLANCE
SYSTEM

fig.1

ACOUSTIC SOURCES IN
THE LEAK CHANNEL

- flow

- water evaporation

- cavitation

ACOUSTIC SOURCES IN
THE REACTION ZONE

- flow

- water evaporation

- Na-H20 reaction

- hydrogen bubbles

- evaporation and condensation

of sodium

fo o a o a hydrogen
bubbles

WATER
(p=200 bar)

"Sources of Sound for Acoustic Leak Detection
fig.2
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PARAMETERS OF STEAM-/GAS-INJECTION TESTS

1 steam generator model
2 tube bundle
3 injection nozzles

He,Ar,N2

U nozzle valves
5 acoustic'sensors
6 v/Qter supply, heater

Steam/gas-injection system
fig.3

FIXED PARAMETERS:

SODIUM PRESSURE:

SODIUM FLOW:

PUMP SPEED:

STEAM PRESSURE:

STEAM TEMPERATURE:

VARIATION PARAMETERS:

INJECTED NEDIUM:

NOZZLE DIAMETER:

GAS PRESSURE:

SODIUM TENPERATURE:

3 BAR

50 M'/H

1500 RPM

150 BAR

300' C

H20, HE, AR, N2

0.3 - 5.0 MM

10 - 150 BAR

350 - 100* C

ADDITIONAL TESTS: STEAM-/GAS-BLOW AGAINST

THE STRUCTURE

fig.4
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«bursfof protective foil:

:steam(150bar):

mm

1 min

: argon (=150 bor):

zheliuml 10-150 bar): : nitrogen U150 bar):

RMS-Levels, Injection of Gas into Sodium,
(Nozzle. 0 0,8 mm)

fig. 5

RMS-Levels, Injection of Gas into Sodium,
(Nozzle: 0 0,8mm)

fig.6
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Power Spectrum for Helium-Blow Directed on the Structure (ASB, Nozzle:00,5)

fig.9

valve

gas- __
cylinder

presstre

^ fluid tank
fig.»

Scheme of a Calibration Device for an

Acoustic Leak Defection System


