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Abstract 

Data from boiling experiments In the B0R60 reactor in USSH has been supplied 
by IAEA to enable analysis techniques to be compared. The signals have been 
analysed at RNl using two basic techniques, Higti Frequency RMS analysis and 
Pulse Counting analysis and two more sophisticated methods. Pattern 
Recognition and Pulse Timing Analysis. All methods indicated boiling 
successfully, pulse counting proved more sensitive than rms for the detection 
of the onset of boiling. Pattern Recognition shows promise of a very reliable 
detector provided the background can be defined. Data from an lonlaation 
chamber was also supplied and there was good correlation between the neutronic 
and acoustic signals. 

INTRODUCTION 

At an IWGr'R specialist meeting on Boiling Noise Detection held in Chester UK 
in 1902 it was agreed that there should be a collaborative research programme 
to compare the signal processing methods used in the various member countries. 
The first stage of this exercise involved analysis of data from the KNS 
experiment supplied by KfK Karlsruhe and RNL Risley. This was reported at a 
meeting held in Vienna in September 1985. Research teams from Japan, DDR, 
KHG. India, Australia and UK took part. 

The work reported in this paper is the second stage of the collaboration and 
involves analysis of data taken during a boiling experiment in the U0R60 
reactor in the USSR supplied by the Rossendorf Institute in DDR. 

TEST DATA 

Description of Experiment 

Test signals were selected from data recorded during boiling experiments in 
the DOHOO reactor. The boiling was produced in a special assembly of tungsten 
rods. Two boiler assemblies were used to obtain the data. In the first 
auaemUly 4he asuuslic detectors were mounted at about core top height but 
within the boiler tent rig. In the second boiler rig the acoustic 

instrumentation was quite separate from the rig, providing a better simulation 
of the conditions In which a boiling hoist detection system wnuld be used. 
The arrangement of boiler and instrumentation for the two cases are shown in 
Figs 1 and 2 respectively. 
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In the first rig, pressure transducer PI and P2 were installed within the rig 
shroud tube about SOOmv. above the expected place of bubble collapse. In 
addition there wert two waveguides, Wl which was mounted on the vessel tap and 
descended to Just above one of the fuel sub-auaeat>lias in the outermost ring, 
and N2 which was outside the core region. There was also an accelerometer 
•A', mounted on the reactor vessel top. These are shown In Fig 1. In the 
second boiler rig there was no shroud tube and no measuring sensors within the 
rig. A pressure transducer Dl was installed in the upper plenum 35mm above 
the top of the boiler assembly and a waveguide W3, and two pressure 
transducers P3 and P4, wore installed In a refuelling channel as shown in Kin 2. 
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Description of Data 

The data was supplied originally on four hall' inch magnetic tape* which were 
copied on to one inch tape by MIL. These one inch tapes were then sent to KfK 
Karlsruhe who prepared the sets ->f tapes for distribution to the participating 
organisations. Calibration signals, sine wavea at lOklii and IV rms, were 
supplied on two of the tapes to enable the replay recorders to be set to give 
the correct level of response. Some deterioration of the aignal has occurred 
in these copying operations, particularly in the higher frequencies, but since 
all the participants received their tapes by the same route the comparison of 
analysis techniques will still be valid. 

The test data is recorded in 1HIG format in direct mode on six tracks of 14 
track magnetic tape together with a time code. There are seven test data 
tiles, each file corresponding to a particular experiment and two calibration 
files. The data in the files and the allocation of the tracks to the various 
transducers is defined in Tuhle 1. 

Data from four boiling experiments are supplied fur analysis, two with each 
rig, togathar with samples of steady atate background noise and ateady ituts 
boiling from Dig 1. In tha boiling experiments tha reactor power la rai*«d 
from a stable non-boiling condition to cauae boiling in the boiler assembly. 
The psrtlcipanta are aaked to detect the onset of boiling. 

ANALYSIS 

The analysis work carried out at RNL haa covered the two boiling experiments 
on Rig 1, files 3 and 4, and one of the boiling experiments on Rig 2, file 9. 
The second boiling experiment in Hig 2 hsa not been analysed. In esch case 
the signal* from one microphone and one waveguide were analyaed. 

The analysis la in two parta. First two bssic methods, high frequency ras 
measurement and pulae counting techniquea are applied to all three boiling 
experiments than two mora complex methods, pattern recognition and pulse 
timing techniquea sre applied to some of the datt. The poaitlona of the 
detectors in these rigs sre not suitable for location but it is shown how 
pulse timing can be uaed to validate the signal. Some general comments on the 
background and boiling signals are given first. 

Background and Boiling Signals 

RMS signal amplitudes were measured on the four transducer* from Rig 1 for 
background noise in files 1-4. The values are shown in Table 2, Signal 
levela were low particularly on transducers VI snd W3 where rms amplitudes 
were between about 14 and 25 millivolts and therefore close to tape racordar 
noise levels. Largest amplitudes were seen on transducer P2 in the boiler rig 
and this transducer was chosen for the most detslled analysis. 

The rms amplitude of the background noise on V'i was about a factor of two 
smaller at the start of file 4 than for the other three files from Kig 1. 
Figure 3 compares the spectrum obtained at the start of file 4 with that 
obtained during the background reference file 2 and shows that the reduction 
in signal amplitude is due to a reduction in the spectral peak at about 40UH*. 
The non-stationary nature of the background nol e between the reference files 
and boiling experiment, file 4, meant that pattern recognition methods which 
use the reference files for learning will not operate satisfactorily on this 
data. 

The broadband acouatic background nolaa signals in Rig 2 were similar In lnvel 
to thus* measured In nig 1 (see Tabls 2), However, there were also large 
impulsive signala both before and during boiling. This can he seen in Fig 4 
which shows a 0.3 second data sample on four transducers during boiling in 
file 9. The large impulsive non-boiling signals can be ssen clearly on the 
three transducers in the refuelling channel waveguide W3, and microphone* F3 
and P4 (aee for example pulse NB1). These pulses were between about 5 and 10 
times larger than typi-.sl boiling pulses on Wit same transducers (see puis* Bl 
in Fig 4). This problem is discusuod further In the section on pulse timing 
methods. 
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TABLE 1 
DATA AND TRANSDUCERS 

Fila 
1 

Track Transducer 
1...6 sinusoidal 

calibration signals 

Reaerks 

C a l i b r a t i o n s igna l (s inus lO kHz, 1 V r . a . s . ) 
I n order to • '•able rep lay syateas to be act up 
for carreer response 
fond_|>oo£t£on 0 . . . 2 5 

1 
2 
3 
4 
5 
6 

Waveguide wl Background nolsa aeasured with test rig I. 
Pressure Transducer PI Tneroal reactor power: 4.5 Her 

- no signal -
Accalereaeter A 
Pressure Transducer P2 

Sodlua flow rata: GOO • /h 
Sodlua inlet teoper.'ure: 260 C 

Tina Coda 
as for file 2 -

Band_pf»ltlon 30... 200 
Sodlua boiling axpariaent with teet rig I. 
Beginning with background nolsa the theraal 
power Is lncraasad froo 7 up to lO MM to 
achieve boiling 
Sodlua flow rata: 590 - 3/» 
SodiH Inlet taapareturet 280 °C 
§end_posltlon 2US...41S 

Tap* II 

File 
4 

Track Transducer 
- as for file 2 -

Tape III 

Renarks 
The file contains signals froa a second boiling 
experiment at slnilar conditions as described 
for file 3 
Osnd_po]ltlon 0... and of the tape 

Pile 
5 

Track Transducer 
1...7 sinusoidal 

calibration signals 

Remarks 
As for file 1 
8and_pos1tIon 0...IO 

1 Waveguide Ml 
2 Waveguide W2 
3 Pressure Transducer PI 
4 Acceleroaetsr A 
5 Pressure Trsnsducsr P2 
6 Ionization Chaauer 3 
7 Tloe Code 

File contains background noise slgnelo aeaaured 
with test rig I. Experlaental condition* as for 
file 2 

§5n-_BS£iIi2n 3S...20Q 
- m» for file 6 

Tap* IV 

Pile Track Trsnsducsr 

• 1 Prsssurs TraneducerOl 
2 Waveguide wl 
3 Pressure TrsnsducsrP3 
4 Pressure Transducers 
5 - no signal -
6 Ionization Chaaber 3 
7 Tie* Cod* 

On thle file boiling elgnels at stationary 
condition* (thtrool reactor power 10 rut) art 
recorded 
Bend position 2US.....S00 

Reoerk* 
Ths file contain* a boiling sxpsrlesnt with 
test rig II. The thereel reactor power Is increesad 
froa 6 up to 11 MW to echleve boiling, 

Sodlua flow rate: 380 «/h 

?50S.B2!iIi22_ °•••195 

Attention: At position 80 tho aapllflcstlon on track 6 
has bosn changed by • factor 2 lIl 

- ** for file 8 - Slgnjls froa s second boiling experlaent with tsst 
r'.g II. Conditions slallar as for fils 8. 
Band go;It ion 200...500 
Attsntiont Ther* is soae tlass sn overload in the 

neutron nolee signal 



TABLE 2 

Bma signal amplitudes for background noise 

tile No Conditions 
Rms signal amplitude at tape output (mv)« 

tile No Conditions 

P2 Wl A PI Dl W3 

RIG 1 
2 Background 

reference file 
114 14 62 44 - -

3 Background at start 
of toiling 
experiment 

114 22 62 - - -

A Background at start 
of boiling 
experiment 

66 19 21 25 - -

6 Background 
reference file 

111 24 28 SO - -

RIG 2 
9 

1 
Background at start 
of boiling 
experiment 

- - - - 116 16 

* Note: signat. amplitudes corrected for c a l i b r a t i on . 
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Examples of background and boiling signals for Rig 1 are given in Figs 5 and 6 
respectively. Each figure shows two 0.3 second samples of data, one from 
microphone P2 and the other from waveguide Wl. The impulsive activity due to 
boiling can be seen clearly in P2 and to a lesser extent on waveguide Wl in 
Fig 6. Figure 7 shows a comparison of spectra using a four millisecond data 
sample (1024 points) and each was averaged over 2S6 of these samples. On 
microphone P2 the boiling signal is most cleary distinguishable above 50kHz 
where the spectrum level increased by up to lOdB during boiling while on the 
waveguide a broadband increase in spectrum level of a few dB is Been during 
boiling. 

80R66 
FILE 2-8ACKGR0UN0 - 2 8 . 8 dBV VLG 

- 3 8 . 0 dBV C 
FILE ̂ -BACKGROUND 

RS -
CUKUI) 

MJ> 
/ 

File 2 

—\ 1 1 1 1 \—\ 1 h 
I.8A B.SA A/8 HZ IB8K 

Fig 3 Rig 1* Comparison of vpectra for background 

for File 2 and File 4 

Detection by Monitoring Level of High Frequency Signal 

The collapse of a bubble of sodium vapour In subcooled liquid sodium results; 
in a shock wave producing acoustic energy at very high frequencies. Many oi 
the other noise sources in the reactor will not generate high frequency sound 
to the same extent provided cavitating flow does not occur, and boiling can be 
detected by monitoring the rms level of the signal after passing it through a 
high pass filter. In the analysis reported here the signal has been filtered 
to remove components below lOkllz and averaged with a time constant of 100 
milliseconds. 
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This technique is effective when the bubble collapses are frequent end the 
boiling signal is always present. When the bubble collapses are more widely 
spaced a method which counts the individual bubbles gives a better signal to 
noise ratio. In this test the objective is to detect incipient boiling at 
which stage the individual pulses tend to be well separated and the pulse 
count method described below is likely to be more sensitive. For this reason 
the rms analysis has been restricted to one frequency and one time constant 
and no attempt has u-en made to optimise it. 

Detection by Pulse Counting 

The acoustic signal fron boiling in sodium often consists of discrete impulses 
from individual bubble collapses. If a significant proportion of these pulses 
are larger than the peak levels in the backgr. md noise, it is possible to 
detect boiling by counting the rate of occurrence of large amplitude pulses in 
the received signal. The level at which the discriminator is set will be 
determined by the background noise, since it ia desirable to have a very low 
output from the counter in thi non-boiling condition. Figure 8 shows the 
variation of the count rate before and after the start of boiling for file 3 
w.th discriminator settings equivalent to 4,5,6, and 7 times the standard 
deviation of the background noise (Of). The value of 6crhas been selected for 
the analysis reported here since it gives the clearest indication of the onset 
of boiling and, if the background noise has a gaussian distribution, the 
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Fig 8 Rig 1: Pulse count rate during file 3 for various thresholds 
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probability of a sustained high count rate at the 6c level is sufficiently low 
to protect against a spurious indication of boiling. However, it 1B shown 
that when, as Is the case here, the background is not gaussian but contains 
impulses, more sophisticated techniques than amplitude discrimination can be 
used to discriminate against them. 

Results for High Frequency RMS and Pulse Counting Analysis 

The results are shown in Figs 9-14 and the detected times for the start of 
boiling are summarised in Table 3. All times are measured relative to the 
start of the time code signal on the tape. Each figure shows two traces, the 
upper is the output of a pulse counter counting pulsus above the 6«"level and 
the lower is the output of a rms detector operating on the filtered high 
frequency (>10kHz) signal with a time constant of 100ms. 

Figure 9 shows the output of transducer P2 during the first boiling experiment 
on Rig 1, file 3. The pulse counting method shows the start of boiling at 
about 440 seconds from the start of the time code. In •'he later stage., of the 
experiment the pulse count rate rises to about 20 counts/sec. The indication 
by the rms method is less clear but boiling Signal is obviously present about 
7E» seconds later. Figure 10 shows the output of the waveguide Wl for the same 
experiment. It is most encouraging for the acoustic detection method that the 
boiling is clearly detectable on the waveguide which is not connected to the 
rig in any way. The detection by the pulse counting method is clear some 488 
seconds after the start of the time code and by rms about 33 seconds later. 
The maximum pulse count rate on the waveguide was 10 counts/sec. 

Figures 11 and 12 show the result for the second boiling experiment on Rig 1, 
file 4 of the data. Figure 11 uses the data from the transducer P2 and Figure 
12 data from the waveguide Wl. The onset of boiling is less learly defined 
that for the first experiment but is shown by the pulse count method on Figure 
11 to be between 269 and 307 seconds after the start of the time code. The 
rroa alBO indicates start of boiling at about the same time. Figure 12 shows 
the data from waveguide Wl in the same experiment. The onset of boiling is 
indicated again by pulse counting at 309 seconds after the start of the time 
code, in good agreement with the later indication on the pressure transducer. 
The rms detection on the waveguide gives a clear indication about 105 seconds 
later. 

This case shows an interesting feature which occurs several times in thesu 
experiments. There is a large increase in the acoustic output some time after 
the start of boiling. This takes the form of a short transient of high 
amplitude followed by a sustained noise at a higher level than preceded the 
transient. This is likely to be vapour ejection from the bundle followed by a 
morn highly sub-cooled mode of boiling. 

Figures 13 and 14 give the results for the experiment analysed from Rig 2, 
file 9. This experiment also shows the transient which we attribute to vapour 
ejection. The start of boiling is at 450 seconds on the microphone and 490 
seconds on the waveguide, both times measured from the start of the time code, 
this experiment is discussed further in the sections on pulse timing analysis 
and neutronic signals. 
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TABLE 3 

BOILING START TIMES FROH START OF TIME CODE 

INDICATED BOILING START TINES 

PILE 
NO 

TRANSDUCER PULSE COUNT 
RATE 

RMS 
AVERAGING 

PATTERN 
RECOGNITION 

PULSE 
TIMING 

CORRELATION OF 
ACOUSTICS/NUCLEONICS 

3 
(RIG I) 

NIC 
P2 

440 SEC 515 SEC 399 SEC N/A N/A 
3 

(RIG I) 
WAVEGUIDE 487 SEC 521 SEC N/A N/A N/A 

4 
(RIO 1) 

NIC 
P2 

269 TO 307 SEC 
(POOR) 

271 SEC N/A N/A N/A 
4 

(RIO 1) 
WAVEGUIDE 

«1 
309 SEC 414 SEC 

(LATEST TIME) 
N/A N/A N/A 

9 
(RIG 2) 

MIC 
Dl 

453 SEC 451 SEC N/A 544 fiC 547 SEC 

9 
(RIG 2) 

WAVEGUIDE 
W3 

492 SEC 493 SEC ll/A N/A N/A 

Pattern Récognition 

Pattern recognition techniques involve the measurement of certain features of 
a data eample which may be used to separate it into one of a number of 
classes. Data from various experimental conditions or from various source;! 
can be used to define different classes and algorithms exist which can 
identify the most significant features to separate the classes. New samples 
of data can then be assigned to one of the classes using various recognition 
algorithms. 

This technique Is particularly useful when the background contains pulses 
which cannot be distinguished from boiling by straightforward amplitude or 
frequency discriminating techniques. For example, background noise on 
microphone P2 in Rig 1 was impulsive even in non-boiling conditions. During 
file 2 the count rate of non-boiling pulses was typically 0.6 counts/sec with 
a maximum count rate of about 5 counts/sec. At the start of the boiling 
experiment in file 3 background count rate was relatively low making detection 
of boiling relatively clear as shown in Fig 9. However if a threshold 
equivalent to the maximum obtained in file 2, 5 counts/вес was applied then 
boiling would not have been reliably detected until about 122 seconds later. 



332 T h e r e f e r e n c e background and boiling files for Rig 1 on tape 3, files 6 and 7, 
were used to provide learning data sets. Using Microphone P2 with a trigger 
threshold cf 60OmV, a series of pulses were captured, 52 for non-boiling file 
6, and 70 for boiling file 7. Each data set was then analysed to produce 
twenty features which defined the signal power In various frequency bands, the 
spectral shape of the noise signal and various statistical properties 
including standard deviation and kurtosia. Two features were selected as 
giving good separation of non-boiling and boiling pulsea and these are shown 
in the scatter plot in Fig 15. The ellipses drawn around each data set are at 
two standard deviations from the means. 

SYMBOLS: A - Background pulses 
B ~ Boiling pulses 

sxie 

sxie 

txie 

!Xje~" 3X18"* 7X»8"' 2XIB" 
RATIO Power in_band_75:]00kHi 

Power in band 50-75kH* 

Fig 15 Scatter plot for background and boiling 
pulses fro* files 6 and 7 '°ig 1) 

Figures 16 and 17 show probability curves fitted to the data for features 5 
and 14 respectively assuming a GauBSlar. distribution. The degree of overlap 
of the curves for the two classes (non-boiling and boiling) gives the 
probability of false classification of pulses. For a reactor surveillance 
system a low spurious trip rate is required while maintaining good detection 
sensitivity for boiling. A comparison of Figs 16 snd 17 show the probability 
of false classification of background as boiling is smaller by about a factor 
of ten for feature 5 at about 4.6E-03, while the probability of false 
rejection of boiling is a factor of four smaller for feature 14 although still 
acceptably small for feature 5 at about 0.065. It is possible to make a 
combination of a number of features if desired to assiBt in the classification 
and recognition process. However, in this case good results can be obtained 
with the use of s single feature, particularly feature 5. Classification of 
pulses can be made using the maximum likelihood principle using the 
distributions in Fig 16 or by assigning a detection threshold which reduced 
the probability of false acceptance of background as boiling t.o some desired 
level. For example, a boiling detection threshold of six standard deviations 
above the mean of the background class would give reduced probability of false 
acceptance of background as boiling to about 1E-09, at the expense of failing 
to detect about one in eight of the boiling pulses. This is illustrated in 
Fig 18 where the distribution curves for feature 5 are shown along with the 
detection threshold. The shaded area represents the fraction of boili/ig 
pulses which would be rejected. 

Aroo A-Proboblllty of f a i n ooooptanoo • 4.5SE-(3 
of background oo boiling 

Ar.a B-Probobliltr of f a l » rojoetton • 6. MS.-K 
of boiling 

P a r a m e t e r v a l u e 
3630001 

Fig 16 Probability curves for feature No. 5 (power in 
50-62. 5kHz bond) for non-boiling and boilif] (Rig 1) 
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Fig 17 Probabi l i ty curves for feature No. 14 ( ra t io of 

powers in 75-100kHz and 50-75kHz bonds) (Rig 1) 
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In order to test the recognition scheme using feature 5, samples of background 
and boiling pulses were obtained from file 2 and the later stages of file 3 
respectively. The confusion matrix for the test data is shown in Table 4 
using classification based on the 6 threshold. All the 172 background test 
pulses were rejected while 99 out of 122 pulses obtained during boiling were 
classified as boiling. Figure 19 shows a classification of pulses obtained 
during the early part of the file 3 boiling experiment. The first indicated 
boiling pulse occurs at 399 seconds from the start of the time code, 41 
seconds earlier than indicated by pulse count rate alone. This was a single 
indication but multiple indications of boiling pulses occur from about 471 
seconds from the start of the time code. If the trip function is set to 
detect a rate of recognised boiling pulses the possibility of error can be 
reduced by demanding tnat the rate persist for a given length of tine, ie. the 
detection time. The longer the detection time the lower the probability of 
spurious trip. 

Probability of foloo ooeoptanoo • B.o7E-lt 
of bookoround at boiling 

Probability of faloo rojoetlon • 1.123 
of boiling (ohoood aroa) 

-030000 

- Background (file 6) 

Boiling aotoetlon uVaoholoS 
6o~ abovo ooan background1 lovol 

Parameter value 
3830001 

Fig 18 Probability curves far feature No. 5 (power in 
50-62. 5kHz band showing boiling detection threshold 

TABLE 4 

Confusion Matrix for pattern Recognition Test 

Reference Data (columns) vs Test Data (rows) 

BACKGROUND BOILING 

Background 
file 2 

172 0 

Boiling 
File 3 

23 99 



53 

0 ~ 

1st classified 
boiling pulse 

5th 
4th 

3rd 
2nd 

6th 

28 olooolflod boiling 
pulooo in 38 ••eonoa 

A^ft^MsaAJU-rf-NU-^/^W"^ ^^W* 

t 
•s 

-M 

0 (or 356. 5 seconds from start of 11me code) 

Fig 19 Comparison of pulse count rate one* occurrence of 
classified boiling pulses (Microphone P2 - Rig 1) 

322 

C 

Micropkono 01 

»rf.>fr»»l»b>**»' 0>'W'V»f> 

Vavoaula. M 

#*HM* 

Microphone P3 

^A^P^^ "Jkt+*fi*itW**tytWAs*fi^ •*VW»-

Microphone P4 

it^.^lf H»l«. I** W> »« «V •,+••+*,4 

e 5. In 
Fig 20 Rig 2s Typical boiling pulse during file 9 

Pulse Timing Analysis 

Pulse Timing Analysis can give improved discrimination against background by 
making simultaneous use of data from a number of transducers. When the 
transducers are suitably located the position of the source can be deduced and 
the signal to noise for that source enhanced by rejecting signals from other 
directions. In these experiments the detectors were too close together to 
allow location but nevertheless pulse timing enables several different types 
of signal to be distinguished. 

An example is given here for data from the file 9 boiling experiment in Rig 2. 
Genuine boiling pulses would be expected to be detected first on microphone 
Dl, above the boiler, and then by microphones P3 and P4. in the refuelling 
channel and finally by the transducer Wl at the top of the waveguide. Figure 
SO shows a typical boiling pulse as detected by these four transducers 
arriving first at Dl and then P3. P4 and Wl. Figure 21 shows an example of a 
non-boiling pulse as seen on the transducers in the refuelling channel. 
These pulses arrive first on P3 followed by P4 and W3 with relative arrival 
times similar to those for the boiling pulse in figure 20. However, the event 
was not detected by Dl and is therefore assumed not to be transmitting from 
the boiler. Figure 22 shows another example of a pulse which was seen only on 
01. This type of pulse was seen both before and during boiling. A detection 
system could then be implemented which accepted as boiling events only those 
pu.'ses which fitted a pattern of time delays similar to those Bhown in Figure 20. 
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Fig 21 Rig 2: Typical non~boi 1 m g pulse seen on 
sensors W3, P3 and P4 during rile 9 

5. 1msec 



«• c 

(kwtgulds 113 

m « H " i * w mi««i» iimm^(N«Kln»'»>»»l>milB)»'»«»»'Wi'|ii«|i'H»->»«'»riti'»l*V«iy«Miiiii>>*i<w>li • W I I ' I H I 

>a 

la 
«1 

Ntcrophow 01 

»»<»|»l^l|#Bttl>«ll>»#l 

Hicrvphona P3 

Mlcrephxa M 

0 5. U 
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Fig 23 Comparison of pulae count rota for file 9 end occur end 
validated boiling pulses (Rig 2) 
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A total of 192 pulses were then captured In three groups of 64 pulses covering 
•bout the first 150 seconds of the boiling experiment file 9. The pulae 
capture ayatea was triggered on pulaea arriving at transducer Dl and 
simultaneous samples were taken on each of the four transducers, figure 23 
compares the number of validated puleea, those having the time delay pattern 
shown in Fig 20, with the pulse count rate plot for 01 shown in Fig 13. In 
the first data sample only one pulse out of 64 captured was validated, jn 
effective count rate of 0.O14 counta/second during the data sample. In the 
second sample of 64 pulses 17 were validated in 24 seconds beginning st about 
544 seconds fro* the start of the time code or about seven seconds after the 
large transient, ine third sample contained 35 validated pulses giving a 
validated count rate of 1.6 counta/second. The pulse timing analysis 
therefore identifies a change in conditiona, either the start of boiling or a 
change in the mode of boiling at 544 seconds from the start of the time code. 
This time is close to that obtained for the atart of boiling oscillations in 
the analysis of i.eutronic and acoustic signals discussed below. 

Meutronic Signals 

Figures 24 show s comparison of the neutronic signal supplied from an 
ioniaatlon chamber with the acoustic signal on transducer Dl. The lower 
curves 'a', show data taken before the start of boiling and the upper curves 
'b 1, data taken during boiling in teat Rig 2, file 9 on the tape. The 
acoustic signal shown is the rms averaged with a time conatant of 300 as. The 
similarity of the two signals during boiling is clearly visible in Figure 24b. 

The coupling between the acoustic signal and the ionisstion chamber output 
depends on the reactor void coefficient which is s function of both tha 
reactor design and the position within the core. However, when good 
correlation doea occur between acoustic and neutronic signals it provides 
valuable independent confirmation of the acoustic detection. This 
confirmation is illustrated in Fig 25 which shows the atart of boiling in the 
experiment, file 0. The neutronic signal, upper curve, overloaded the tape at 
several points but the oscillatory boiling signal is clearly seen in thu last 
20 seconds of t^e trace. This confirms the acoustic detection which indicates 
atart of boiling some 26 seconds before the end of the data sample uhown. The 
neutronic signal is also useful in interpreting the course of the boiling 
since a marked neutronic effect would only occur when there is a significant 
volume of vapour. It is therefore likely that boiling existed in an incipient 
form some time before the neutronic oscillations st.urt.cd. This supports the 
acoustic indications of boiling shown in Figs 13 and 14. 

http://st.urt.cd
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Fig 25 Comparison of signal from <onieat ion chamber and rms 
acoustic signal showing start of boiling 

CONCLUSIONS 

The following conclusions can be drawn from tha results given. 

1. Basic .analysis techniques, pulse counting and high frequency rma 
detection, give a reliable indication of boiling. Pulse counting Is more 
sensitive to the individual pulses in incipient boiling and gives a better 
discrimination than high frequency rns methods for the type of boiling 
occurring in these experiments. 

2. Pattern Recognition methods can give a very precise indication of the 
onset of boiling by examining individual pulses and can give high confidence 
when a significant rate of recognised boiling pulses occurs. It is however 
important that the background noise does not alter in u significant way after 
the learning process has been completed. 

3. Pulse Timing can give valuable discrimination aguinal interfering pulses' 
and can alao assist in the interpretation of the boiling regime. 

4. Where neutronlc signals correlate with the acoustic signsls there can be 
greatly increased confidence in the existence of boiling. 


