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WATER LEAK DETECTION IN STEAM GENERATOR OF SUPER PHENIX

N. KONG (EDF Chatou), M. BRUNET and P. GARNAUD (CEA Cadarache)
andD. GHALEB (CEA Saclay)

With the intent of detecting water leaks inside steam generators, we developed a third
system, called acoustic detector, to complement hydrogen detectors and rupture disks (burst
disks). The role of the acoustic system is to enable rapid intervention in the event of a leak
growing rapidly which could rupture neighbouring tubes. In such a case, the detectable flow
rate of the leak varies from a few tens of g/s to a few hundred g/s. At the SUPER PHENIX,
three teams work in parallel in complementary frequency bands : EDF [0-20 kHz],
CEA/SPCI* [20-100 kHz] and CEA/STA* [50-300 kHz]. The simulation of water leaks in
the steam generator by the argon injections performed to date at 50 % of the rated power has
shown promising results. An anomaly in the evolution of the background noise at more than
50 % loading of one of the two instrumented steam generators would make difficult any
extrapolation to full power behaviour.

1. INTRODUCTION

The operating safety and structural integrity of Steam Generators (SG) in the fast reactor
field depend on early detection of water-sodium reaction to allow control of secondary
damages related to erosion-corrosion and wastage phenomena [1]. To this end, fast reactor
controls, and those of the SUPER PHENIX in particular, are equipped by design with two
complementary devices : hydrogen detectors and rupture disk devices. Hydrogen detectors [2]
are intended to detect the appearance of a small leak by the hydrogen produced in the reaction,
while rupture disk devices serve to dry up the steam generator when the overpressure from the
reaction causes them to rupture.

Obviously, the effective ranges of these two devices are very different. Whereas the
hydrogen detector is basically able to detect very small leaks on the order of one gram of water
per second with a response time of one minute, the rupture disk responds in a few
milliseconds to the pressure wave generated by leaks of about one kilogram per second.
Between these two leakage ranges -from 10 g/s to 1 kg/s- there is a range of flow too small
to rupture a safety diaphragm, but large enough to cause, within the response time of the
hydrogen detection system, damages to the internal structures of the steam generator.

This fact prompted us to investigate a third monitoring alternative, having an intermediate
sensitivity and a quick response time, both of which characteristics are compatible with the
capabilities of acoustic monitoring devices [3]. Electricity de France (EDF) and the French
Atomic Energy Commission, Commissariat ä l'Energie Atomique (CEA), are jointly involved
in research on this subject at the SUPER PHENIX reactor, which has already shown
promising results.

• SPCI and STA are Atomic Energy Commission laboratories
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2. PRINCIPLES OF ACOUSTIC DETECTION

A water circuit tightness failure within a steam generator causes water or steam to be
injected under about 180 bar of pressure into the volume of sodium around it. Such an
injection produces the following secondary effects:

- vibration of the supporting structures due to the sonic outflow through the orifice;

- generation of pressure waves in the sodium by primary bubbling (water) and secondary
bubbling (gaseous products of the reaction, in particular hydrogen), and due to the turbulence
of thejet;

- and emission of stress waves due to the rapid increase in the temperature of the
surrounding structures.

These three phenomena all generate waves which we term acoustic, that can propagate in
the generator space either via the metal structures, the sodium or more likely via an exchange
of mechanical energy between the two mediums. These signals finally appear on the external
shell of the steam generator where suitable transducers convert them to electrical signals.

As the acoustic signals emitted by the leak are not correlated with other sound sources
normally occurring in the secondary circuit, their detection consists in comparing an assumed
steady-state, leak-free reference condition where only background noise is present with the
same condition having additionally a leakage noise.

A fundamental feature of all these events is the wide emission bands, ranging from a few
hertz to a several hundred kilohertz [4]. This is why three frequency bands are studied in
parallel, as follows : 0-20 kHz (EDF), 20-100 kHz (CEA/SPCI) and 50-300 kHz(CEA/STA)
to determine whether the detection has an optimum sensitivity in one of these frequency bands
of the overall emissive frequency range.

The experimental qualification of these detector instruments, presented here, requires a
comparison of signals with and without a leak. Since it is inconceivable to deliberately
produce a water or steam leak in the SUPER PHENDC Steam Generator, we approached the
problem by postulating the separability of the two effects:

- we studied, in the actual steam generator, the acoustic signal due to reactor operation
(background noise) and the signal altered by a simulated leak (injection of an inert gas);

- we compared, in a experimental loop, the signal transmitted by the simulated leak with
that produced by a real leak into the sodium.

3. DESCRIPTION OF DETECTION EQUIPMENT

3.1. Measurement Principle

Acoustic signals present on the SG shell are detected by piezoelectric transducers fitted to
the cold end of a waveguide (a cylindrical, stainless stell rod) welded to the shell.

The frequency response of the sensors used by EDF and CEA/SPCI can be considered
linear and that of the sensors used by CEA/STA exhibits a significant resonance around 250
kHz.
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Only two of the four SUPER PHENTX Steam Generators are instrumented, as follows:

- 32 sensors serving EDF and the CEA distributed over 8 localization levels on SG D
(Fig.l);

- 4 EDF sensors distributed about SG C.

The signals delivered by the sensors are conditioned and processed differently according
to the frequency bands used
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Figure 1: LOCATIONS OF ACOUSTIC SENSORS

3.2. CEA configurations

The low-level electrical signals from the sensors are preamplified near the sensors and
then amplified, shaped and filtered in the control room.

*CEA/SPCI (20-100 kHz)

The signal thus conditioned is sent to the processing system which calculates, on the one
hand, the RMS value and on the other hand the power spectral density, detection of an
anomaly occurs either when the last-computed RMS value exceeds a suitable threshold or
through pattern recognition and comparison of frequency spectrums. In both cases, operator
alarms are enabled or disabled on the basis of trends in SG operating parameters.



* CEA/STA (50-300 kHz)

The processing provided by this setup is limited to computation of the RMS values of the
acoustic signals, followed by treatment of overshoot of preset thresholds. Alarm trip
thresholds are adjusted for different background noise levels and steam generator operating
parameters to avoid false alarms.

3.3. EDF Configuration

The signals from each accelerometer are conditioned by charge amplifiers, then
transmitted to a processing system.

First, spectral analysis is performed on 100 equal-width frequency bands (between 0 and
20 kHz) of the signals. A real-time algorithm evaluates the noise power trend in specific,
frequency bands determined beforehand by Principal Component Analysis. Alarm generation
also takes into account certain rules of consistency between channels and between steam
generators.

The development of a prototype device, which is tested at SUPER PHOENIX, was
financially supported by NERSA.

4. QUALIFICATION TESTS

For purposes of determining alarm threshold values and choosing the relevant frequency
bands for the EDF processing, qualification tests at SUPER PHENTX were programmed in
two stages : a first stage of isothermal tests and a second stage of tests under power. In each
stage, the instrument's background noise values are measured and a series of argon injections
are made to simulate water leaks into the sodium.

Various preliminary studies of experimental sodium loops showed an acceptable similarity
between the noise produced by a steam leak into the sodium and the noise produced by the
injection of inert gas through a small orifice. Figure 2 for example shows similar power
spectral densities for argon and water injections at the same mass flow rate in sodium at
500°C, through an orifice 0.8 mm in diameter.

The high pressure argon injection device, installed on SG D (Fig. 1, 8-202° plan) is
provided with a 2 mm diameter injection orifice and can operate at pressures between 40 and
140 bar.

5. RESULTS OF QUALIFICATION TESTS

Measurements are to be provided for three SG operating situations : isothermal (no load)
and at 50 % and 100 % of rated power.

In each situation a series of injections of argon at pressures between 40 and 140 bar are
planned through the injection orifice at the bottom of S.G.

To this date, only the first two series of injections have been possible.



5.1. Isothermal Results

Under isothermal conditions, the main source of noise in the intermediate loop is
composed of noises from the flow of sodium determined by the rotational speed range of the
secondary pump ; this noise increases with pump speed [5]. The amplitude of the background
noise generally increases exponentially as the square of the pump speed for frequencies under
100 kHz and monotonically at higher frequencies (50-300 kHz).

In this situation, where no boiling noise is present, the signal-to-noise ratio recorded
during the different injections is particularly favorable, irrespective of the frequency bands
investigated (Table 1 - Figure 3).

In the double phase medium we noted an attenuation of the low frequency noise (< 7
kHz). Nevertheless, the presence of gas bubbles is bener felt at high frequencies.

dB VHMS

Argon I SO Dor, 0.8 mm inncior ami

H2C [180 bar, 0.8 mm iniector ma)

40 60 80 100

Fieure 2 : COMPARISON OF NOISE SIMULATION ON LOOP

5.2. Results at 50 % of Rated Power

The measurements initially planned for 50 %-rated load operation were in reality made at
between 40 % and 48 % of rated power.

These tests allow us to make the following observations:



- the noise level was substantially the same at 50 % of rated load as in nominal isothermal
(no load) operation for frequencies between 100 and 300 kHz. However, at frequencies below
100 kHz, noise amplitude at 50 % loading is multiplied by 4 on the average, compared with
no load operation;

- all the injections made were detected by the set of sensors (Fig. 4) and S/N ratios were
very good, as shown in Table 1;

- in a certain way, the strength of the signal picked up depends on the distance between
the source and the sensor. The amplitude of the signal from the sensor in plane 8 --nearest the
injector is greater than the signal from the sensor in plane 2 (Fig. 4).

5.3. Extrapolation to Full Power

Pending accomplishment of the injection tests at full-power, it was interesting to make a
prediction based upon the available information. Data is indeed available on the background
noise trend up to 100 % of nominal load for frequencies less than 100 kHz.

At less than 50 % of rated power, the background noise level increases regularly with
reactor power. Beyond that point there is a substantial and inconsistent increase in the noise
trend of SG D (Fig. 5). The signals however show that this phenomenon does not appear in
the 200 to 1000 Hz frequency range (Fig. 6). Moreover, this anomaly was not observed on
SG C, at least at low frequencies. We are currently researching the origin of this aberration.

In the band of frequencies where the background noise grows at a regular rate,
comparison with argon injections indicates that detection would be possible at nominal load.
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Figure 3 : ARGON INJECTION IN ISOTHERMAL CONDITION



Figure 4 : ACOUSTIC SIGNALS OF LEVEL 2 AND 8 DURING AN ARGON INJECTION
(140 BAR) AT 50% OF RATED POWER

Figure 5 : BACKGROUND NOISE VERSUS STEAM GENERATOR POWER



Figure 6: BACKGROUND NOISE VERSUS S G POWER AND COMPARISON WITH
ARGON INJECTION AT 50% POWER [200-lOOOHz analysis]

6. CONCLUSION

Acoustic monitoring of the SUPER PHENIX steam generators unter satisfactory
conations appears to be possible, as the tests made unter contitions of normal SG behaviour
indicate. An unexpected noise source appeared during build-up to full power, but the first
analyses, and in particular the fact that this phenomenon is unique to SG D, indicate that
correction is possible.

When the level of acoustic signals from a leak is sufficient, it should be possible to detect
them all over the structure and multiplication of the sensors provides suitable redundancy of
information. Also, the observed weakening of the signal-to-noise ratio with increased source-
sensor distances allows us to consider the possibility of axial localization of leaks.

The three detection methods discussed do not as yet present any determining differences
in performance and the final choice amongst them is likely to be made on the basis of the long
term stability of the reference noise.
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Frequency
Range

injections
(bar)
40
70
100
140

Injections
(bar)
40
70
100
140

EDF [0-20 kHz]

min. max.

CEA/SPCI [20-100 kHz]

min. max.

CEA/STA [50-300 kHz]

min. max.

NOMINAL ISOTHERMAL OPERATION

11(2/135°) 19(8/157°)
9(2/135°) 16(8/157°)

14(3/45°) 22(8/157°)
11(2/135°) 19(8/157°)

18(2/45°) 35(8/225°)
8(2/300°) 26(8/180°)
6(2/300°) 24(8/180°)
7(2/300°) 25(8/180°)
6 (2 /90° ) 28(8/180°)

50% OF RATED POWER OPERATION

3(2/315°) 9(8/157°)
6(2/315°) 14(8/157°)
6(2/135°) 12(8/157°)
6(4/315°) 13(8/157°)

6(2/225°) 13(8/225°)
8(3/45°) 17(8/225°)
6(4/225°) 15(8/225°)
8(2/225°) 16(8/225°)

8(2/230°) 15(8/180°)
9(2/300°) 22(8/180°)
9(2/300°) 24(8/180°)
8 (2 /90° ) 26(8/180°)

11 (2/135°) 19 (8/157°) means; minimun S/N ratio is 11 dB
measured on sensor placed in
level 2 at 135° of angular
position and maximum S/N
ratio is 19 dB on sensor placed
in level 8 at 157°.

Table 1: SIGNAL TO NOISE RATIO VALUES (dB) MEASURED IN ISOTHERMAL
CONDITIONS AND AT 50 % OF RATED POWER.


