








Edito dal Comitato Nazionale Energia Nucleare, Direzione Centrale Relazioni Esterne,
Servizio Pubblicazioni, Viale Regina Margherita 125, Roma - Finito di stampare
il 35 novembre 1975 in formato UNI presso la Rancos, Roma




Serie simposi



SUMMARY

SMORN-1 (Specialist Meeting On Reactor Noise - 1) has
been sponsored by the Nuclear Energy Agency Committee on
Reactor Physics, bosted by the Italian National Committee
for Nuclear Energy and held at CSN Casaccia, Rome, Italy
from October 21 to 25, 1974.

The object of SMORN-1 was discussing every type of
noise related to reactor systems: inberent noises and induced
noises by imposed perturbations of stochastic or pseudo-
stochastic nature. The meeting has been dedling with fluc-
tuations from sources such as vibrations boiling and tempera-
ture, acoustic monitoring of anomalies and various diagnosing
of malfunctioning via noise analysis. The basic idea was that
of covering the widest possible area and to understand where
the borderlines with other disciplines are.

Sixtyone participants from twentythree countries and/or
organizations bave been attending the five-day meeting and
fortysix papers have been presemted. An up-to-date interna-
tional picture of the state-of-the-art in both noise theory and
experiment was obtained and directions on where to go next
thereby developed.
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The beast went to the well and drank and
the noise was in the beast’s belly like
unto the questing of thirty couple hounds,
but all the while the beast drank there
was no noise in the beast’s belly.

Sir Thomas Malory, Morte d'Arthur, Bk. 1
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PREFACE

SMORN-1 , Specialist Meeting On Reactor oise,
was held at CSN Casaccia ~ Rome ( Jtaly ), from
October 21 to 25 , 1974 .

The number of participants was up to 61 from
23 countries and/or organizations. The atmosphere
was relaxed friendly and stimulating : beside that,
the schedule was pretty tight and busy all along
the tive days of the meeting.

This publication intends to complement the spe
cial issue of 'Annals of Nuclear Science and Fngi
neering' which published the whole ensemble of pa
pers presented at SMORN-1.

This CNEN technical report,also listed in the
NEACRP document series, includes abstracts of pa-
pers, discussions, comnents and some final state-
ments.

The mentioned two publications might represent
fairly well the state-of-the-art of Reactor Noise
Analysis at the end of 1974.

The meeting was made possible by the :

% gponsorship of the Nuclear Energy Agency Commit
tee on Reactor Physics and by the active promo-
tion and managerial help of its Secretary, Dr
J. Royen ;

% participation of members of the Nuclear Power
Plant Control and Instrumentation Working Group
of IAEA and by the competent patronage and sug-
gestions of its head member, Dr R.J. Cox ;

% cooperation by Dr A.H. Spano, head of Research
Reactor Section, Division of Nuclear Power and
Reactors of TAEA .

We also wish to thank the distinguished scienti
sts who agreed to act as chairmen of the different
gections : W. Bastl, J.C. Carré, R.J. Cox, J.B.




Dragt, U. Parinelli, G. Kosaly, J.T. Mihalczo, K.
Saito, D.M. Shvetsov and J.A. Thie.

Finally, our true gratitude goes to Ugo Farinel
1i who sponsored and supported the idea of SMORN-1
- since the very beginning and helped in guaranteeing
to the meeting an international status and a world-
wide contribution from specialists in the field.

It has been & real pleasure to work with such a
cooperative group of people : we hope tc see all of
them again at SMORN-2.

Peace and Preedom,
Ricola PACILIO

Vincenzo M. JORIO
Andrea COLOMBINO

Rome, March 1975




PREFAZIONE

SMORN-1, meeting per specialigti di rumore nei
reattori nucleari, la cui riuscita é stata garanti-
ta dalla partecipazione qualificata di 61 scienziati
di 23 paesi, ha costituito un avvenimento scientifi
co di rilievo mondiale, come dimostra l'interesse
di autorevoli organi di informazione energetica e
nucleare.

La rivista inglese ‘'Annals of Nuclear Science and
Engineering' ha dedicato un numero speciale esclusi-
vo ai lavori presentati al meeting. Le riviste ameri
cane 'Nuclear Safety' e 'Nuclear News' hanno pubbli-
cato reportage scientifici : la prima per mano di Jo
seph Thie, uno dei massimi esperti del settore.

I segretari di SMORN-1 desiderano ringraziare qu-~
anti hanno collaborato alla riuscita della manifesta
zione.

In primo luogo,il Direttore del CSN Casaccia,
Prof. Giancarlo Schileo, per il comprensivo tempesti
vo e coraggioso intervento nella fase pili delicata -
.della organizzazione.

-Nellt*ambito del Centro, un ringraziamento deve ri
ferirsi al Sig. Antonio Di Venanzio ed al Servizio
di fotoriproduzione della Biblioteca Centrale, al
Sig. Vincenzo Tatl per le telecomunicazioni rapide,
al Sig. Giuseppe Ciampd per il sistema di audio-re
gistrazione e di proiezione durante i lunghi cinque
giorni del meeting, al Dr. Massimo De Biase ed alla
Sig.na Marcella Cioni per le public-relations e la
organizzazione logistica.

Nell'ambito del comitato organizzatore va ricono
sciuto il lavoro svolto con intelligenza e notevole
senso pratico dalla Segreteria nelle persone delle
Sig.re Roberta Landini, Renata Sacchetti, Gabriella
Segre e della Sig.na Luciana Quinti per rispondere
alle esigenze di tutti i partecipanti.

Deve essere inoltre sottolineato il singolare con
tributo del Sig. Luigi Jannelli al massicecio lavoro
editoriale di allestimento del materiale distribuito



d.urante il meeting.

Speciale - come sempre - la gratltudine nei con
fronti del Dr. Piero D'Amico per l'ind:.spensabilo
apporto fornito dalla sua competenza nella ottimisg
zagione dei sistemi computerizzati di informazione
e nelle supervisione del funzionamento dei meszi di
documentazione audio~visiva.

Infine un semplice ma fondamentale grazie ai com
pagni di lavoro del comitato organizzatore : Dr.
Raffaele Mosiello e Dr. Francesco Norelli. Senza di
loro e senza il loro spirito 4i sincera ed autenti-
ca cooperazione, 1'jdea stessa del meeting non sa-
rebbe stata né immaginabile né realizzata.

Nicola PACILIO
Vincenzo M. JORIO
Andrea COLOMBINO

Roma, marzo 1975
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NORWAY 1 (E.Robinson)

POLAND 3 (S.Chwaszczewski, J.Mika,
A Mikulski)
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COUNTRY TOTAL : 23
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SMORN-1 DAILY DIARY

OCTOBER 21 - Zero Power Reactor Noise : Theory and
Surveys

10:00 a.n.

% Valedictorian Address by prof. G.C. SCHILEO,
Director of CSN Casaccia

Chairman : prof. U. FARINELLI
» Intro‘ductory Remarks by the Session Chairman

(1) Two-particle correlations in reactor systems -
J. MIEKA ( Poland )

(2) Stochastic Kinetics : analytical solutions of
detailed probability balance equations - P. Ro
relli, V.M. Jorio, N. Pacilio ( Italy )

# presented by V.M. JORIO

(3) Probability profiles and moments of neutron
count distribution via the Kolmogorov equa-
tions - B. Arcipiani, M. Marseguerra ( Italy )

» presented by M. MARSEGUERRA

(4) A stochagtic study of coupled reactor systems -
J.P. Genoud ( Switzerland )
» presented by J.P. SCHNEEBERGER

2:30 p.m.

Chairman : dr. J.C. CARRE'

(1) Discrete probability distributions in nuclear
reactor noise - N. Pacilio, V.M. Jorio ( Ita-

ly )
# presented by N. PACILIO
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(2) Some results about reactor neutron fluctuation
analysis - M. DEISS ( Prance )

(3) Theory of correlation measurement in time and
frequency domain with Cf-252 - J.T. Mihaleczo,
V.K. Paré ( U.S.A. )
- % presented by J.T. MIHALCZO

(4)  Reactor gamma noise studies - B. BAERS ( Pin
land )

(5) Study of power spectral density by a non-linear
response to stochastic input - Y. Gotoh ( Ja-

pan )
¥* presented by T. NOMURA

OCTOBER 22 - Zero Power Reactor Noise : Experiments,
Equipment Design and Operational Pro-
blems

9:30 a.m,
Chairman : dr. J.B. DRAGT

(1) Thermoelectrically generated noise in heated
thermocouples and in other low level instru-
mentation cables - P, Mathieu, R. Meier, M,
Soenen, M. Delcon, C. Nysten ( Belgium )

* presented by F. MATHIEU

(2) Regression filter for signal resolution -
W. MATTHES ( Euratom )

(3) Data acquisition and processing system for
reactor noise analysis - J. Da Costa Oliveira,
C. Morais da Veiga, D. Forjaz Trigueiros, J.
Pombo Duarte ( Portugal )
* not presented verbally

(4) Time domain measurements for fast metal assem
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(5)

(6)

blies with Cf£-252 - J.T. MIHALCZO ( U.S.A. )

Spectral density measurements with mock-up of
the Past Flux Test Pacility reactor - J.T. Mi
halcgzo, V.K. Paré, M.V, Mathis ( U.S.A. )
presented by J.T. MIHALCZO

Heat transfer coefficient and some other reac
tor parameter determined from measurements of
fuel temperature and neutron flux fluctuations
~ R. Isnard ( Switzerland )

# presented by J.P. SCHNEEBERGER

2:30 p.m.

Chairman : dr. J.T. MIHALCZO

(1)

(2)

(3)

(4)

(5)

(6)

Measuremsnts of kinetic parameters by noise
techniques on the Minerve reactor - J.C. Car
ré, J. Da Costa Oliveira ( Prance )
presented by D. DE LAPPARENT

Investigation on the two-detector covariance
method for measuring coupled reactor kinetic
parameters - M. Edelmann, J. Ehrhardt, W. Vas
th ( Germany )

presented by M. EDELMANN

Studies of nsutronic coupling by reactor noi-
se analysis in the time domain for facilities
of RCN, Petten — E. Tiirkcan, J.B. Dragt ( Ne
therlands )

presented by E. TURKCAN

Temperature noise measurements in blocked and
unblocked 19-pin electrically heated IMFBR
qul mck-'lpa - D-N. m ( U.S.AI )

Dynamic heat transfer experiments in an elec
trically heated IMFBR fuel element mock-up -
D.N. Pry, T.W. Kerlin, W.H. Sides ( U.S.A. )
presented by D.N. FRY

Interval distribution measurement of chain-re
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lated nuclear processes using two detectors -
P.A. Haldy, M. Chikouche ( Switzerland )
* presented by J.P. SCHNEEBERGER

OCTOBER 23 - Power Reactor Noise : Theory and Surveys
9:30 a.m.
Chairman : dr. J.A. THIE

(1) The impact of twenty years of noise research on
nuclear power plant design, instrumentation and
control - L.G. KEMENY ( Australia )

(2) Pundamentals of theoretical analysis of power
reactor noise and their application -
K. SAITO ( Japan )

(3) Theoretical considerations and their application
to internals motion from stochastic signals -
J.A. THIE ( U.S.A. )

(4) Some considerations of neutron instrumentation
requirements for malfunction diagnosis in power
reactor using noise analysis techniques - M.,
EDELMANN ( Germany )

(5) A stochastic study of noise in boiling reactors
- M. Matthey ( Switzerland )
* presented by J.P. SCHNEEBERGER

2:30 p.m.
Chairman : prof. K. SAITO

(1) The estimation of vibrations of reactor inter
nals by noise analysis of non-nuclear parame-
ters - W. Bastl, V. Bauernfeind ( Germany )

* presented by W. BASTIL
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(2) Canadian experience in the area of reactor
noise - K.J. SERDULA ( Canada )

(3) Review of recent applications of reactor noise
techniques at Argonne Rational Laboratory -
R.A. Lewis, E.F. Bennett, S.G. Carpenter, C.E.
Cohn, C.C. Price ( U.S.A. )
* presented by R.A. LEWIS

(4) A simple space dependent theory of neutron
noise in a boiling water reactor - G. Kosaly,
L. Maroti, L. Mesko ( Hungary )
* presented by G. KOSALY

OCTOBER 24 - Power ReactorNoise : Experiments and
Operational Applications

9:30 a.m.
Chairman : dr. W. BASTL

(1) Experience from the analysis of noise measure
ments in a BWR power plant - P,.E. Blomberg,
P. Akerhielm ( Sweden )
» presented by F. AKERHIEIM

(2) Power reactor noise measurements in Hungary -
D. I)-‘allagi, T. Hargitai, S. Horanyi ( Hunga
ry

% presented by S. HORANYI

(3) Non-linearity consideration when analyzing
reactor noise statistical characteristics -
B.V. Kebadze, L.A. Adamoveky ( Soviet Union )
#* presented by B.V. KEBADZE

(4) Analysis of neutron density oscillations resul
ting from core barrel motion in a PWR nuclear
power plant - D.N. Pry, R.C. Kryter, J.C. Ro-
binson ( U.S.A. )

* presented by D.N. FRY



2:30 p.m.
Chairman : dr. R.J. COX

(1) The analysis of at-power neutron flux noise
in the frequency range of vibrating reactor
structures - D. WACH ( Germany )

(2) Boiling anomaly detection by acoustic noise
measurement -~ H, NISHIHARA ( Japan )

(3) Cross correlation of neutronic and acoustic
noise signals from local boiling - S.A. ¥right,
R.W. Albrecht, M. Edelmann ( Germany )
* presented by M. EDELMANN

(4) ©Noise spectra of BWR and application of noise
analysis to FBR -~ T. NOMURA ( Japan )

OCTOBER 25 -~ Power Reactor Noise : Experiments and
Operational Applications

10:00 a.m.
Chairman : dr. G. KOSALY

(1) Plant disturbances and model verification -
M.H. Butterfield, J.D. Cumins ( Great Bri-
tain )

* presented by M. H. BUTTERFIELD

(2) An on-line power-reactor shutdown reactivity
meter based on a novel reactor noise analysis
technique - K. Behringer, K, Phildius, W. Sei
fritz ( Switzerland ) -

# presented by W. SEIFRITZ

(3) Measurements of temperature fluctuastions in
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gas—-cooled power reactor - C.P. Greef ( Great
Britain )
presented by M.J. BRIDGE

(4) Relation between non-linear and ‘not-linear
characteristics in nuclear kinetics and noise
analysis of neutron flux - H. KATAOKA ( Ja-
pan )

2:30 p.m.

Chairman : dr. D.M. SHVETSOV

(1)

(2)

(3)

(4)

A fast response thermocouple for temperature
fluctuations measurements in sodium coolants
- H. Bunschi, W. Seifritz ( Switzerland )
presented by H. BUNSCHI

Correlation analysis of the enviromental in-
fluences on radioactive Argon releases from
the plume of the reactor Diorit - K. Behringer,
K. Feuermann, D. Kostic, V. Seifritz ( Switzer
land )

presented by V. SEIFRITZ

Heat transfer time constant of a fuel pin de-
termined by noise analysis - E. ROBINSON ( Nor

way )
Investigation on the influence of feedback and

coupling effects on neutron noise in a nuclear
reactor - W, Vaeth ( Germany )

* presented by M. EDELMANN

ORAL SUM-UP OF THE MEETING

4:30 p.m,

Chairman : prof. U. FARINELLI

(1)

Noise analysis in PWRs - J.A. THIE ( U.S.A. )
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(2)
(3)

(4)

Noise analysis in BWRs - W. SEIFRITZ ( Switzer
land )

Noise analysis in heavy-water reactors - K.J.
SERDULA ( Canada )

Noise analysis in fagt reactors - D. DE LAPPA
RENT ( France )

PATFR TOTAL : 46
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THE 46 PAFERS :
SUMMARIES AND

DISCUS3IONS






(1Y Two-particle correlations in reactor svstems-
J. MIKA

For most practical purnoses a comprehensive descri-
ption of a given reactor svstem is suvvlied by the neu
tron equation supplemented bv the aquations for delaved
neutron precursors. Such a svstem of equations which
mav be referred to as the reneralized transport equa-
tion was thoroughl~ investigated in a Hilbert space of
square integrable functions and the existence of its
unique solution was proved. That supvlied a firm basis.
for investigating various anvroximate methods for nume
n cal reactor calculations.

The reneralized transnort eauation involves average
distribution of neutrons and delaved neutron precursors
and is inadeaquate for describing the stochastic featu-
res of neutron chain reaction. In fact the internreta-
tion of some neutron noise experiments reouires the
¥nowledre of the two-particle distribution function to
account for the correlation between two particles gene-
rated in the same fission event.

The two-particle correlation is obtained from the
two-particle distribution function bv subtracting the
product of one-particle distribution function for each
of the two marticles. The svstem of eouations descri-
bing the time evolution of the two-particle correlati-
on functions or the correlation matrix equation is var
ticularlv simple and directly related to generalized
transport equation.

The purpose of this paver is to study the relation-
ship between the two svstems of equations and indicate
how some of the results obtained so far for the genera
lized transport equation can be simolv translated to
the correlation matrix eauation.

In particular. the semirroup formalism developed
for the reneralized transnort equation will be used
to prove the existence and uniqueness of solutlon to
the correlation matrix enuation.
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(2) Stochastic kinetics : analytical solutions of
detailed probabilitv balance equations -
F. NORELLI, V., JORIO, N. PACILIO

This work intends to formulate nuclear reactor ki-
netics according to a stochastic approach. A balance
equation system is written for the probability of fin-
ding the muclear svstem in a certain state at a given
instant of time. .

The Chapman-Kolmogorov equations are this way deri
ved for a reactor.

The state is characterized bv the neutron populati
on, the delayved neutron precursor poovulation and the
number of detected neutrons.

Fouations are treated and integrated in search of
a probabilityv profile.

A number of cases is analvzed via a vrogressive
criterium : it tends to start with a vervy simple mo-
del and to take into account an increasing number of
vhrsical processes within the chosen svstem,

The cases under studv are :

-1- Source

~2- Non-multiplving medium

-3< Source in a non-multiolving medium

~4- Multiplving medium

-5~ Source in a multiplving medium

-6~ Prompt neutron svstem with source

~7- Prompt and delaved neutron system with source
~8- Detector in a non-multiplving medium

-9- Detector in a prompt neutron svstem

-10- Detector in a prompt neutron svstem with source

DISCUSSION

M. EDEIIANN : What is the meaning of what vou call

38
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'‘detectron' ?

V.M. JORIO : In our stochastic model a detectron is
a particle generated by the detection of a neutron
that enters a sensor. D.R. Harris was the first to
include the detection process in a reactor probabi-
lity balance in an early study around 1958.

K. SAITO : Two types of probability distributions

are obtained in nuclear reactor noise : the discrete
and the continuous. The former is obtained, for exam
ple, as the distribution of the number of counts mea
sured by a BF, -counter and extensive studies, as you
mentioned in yYour paper, are performed. The continuous
dietribution is obtained, for example, as the distri-
bution of amplitude around the mean current of a cur-
rent ionization chamber. Approximately it can be regar
ded as the Gaussian distribution with zero mean and o
standard deviation. Strictly speeking it is not Gaus-
sian. Have you any comment on this point ?

V.M. JORIO : In nuclear reactor noise you are dealing
with a process, viz. the fission process, which defies
the Gaussian assumption. So you can never expect vour
experimental profile to be matched by a Gaussian dist-
ribution,i.e. a distribution with zero skewness and
kurtosis.

N. PACILIO : A sentence, quoted by Poincaré in his
'Calcul des probabilités', focalizes appropriately
the role of the Gaussian distribution in statistics
applied to experimental observations or adopted for
theoretical treatments. It states that 'everybody
trusts the Gauss' distribution, the experimenters be
cause they suppose it is a mathematical theorem, the
mathematicians because they suppose it is an experi-
mental evidence.' The actual situation is that a di-
stribution according to the profile of the Gaussian
law of errors is proved to exist only under some ex-
plicit mathematical conditions, which are rarely ve-
rified in reality. It has been proved that experimen
tal data are better matched by other types of distri
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butions such as the Gram-Charlier series, the Rdge-
worth series etc. They can be regarded as prelimina
ry steps toward the Gaussian distribution.

D. SCHWAIM : Do you intend to extend your investiga-
tion on problems including non-linear effects, the
feedback due to temperature effects ?

V.M. JORIO : Yes, we are extending our investigations
to problems including feedback caused by temperature
effects. With additional variables, such as fuel tem-
perature and void fraction related pseudo-particles,
the problems become non-linear and the masthematical
procedure cannot be the same. On the other hand,theo
retical methods for dealing with non-linearities ha-
ve recentlv been developed a bit : from these impro-
vements new opportunities are available.
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{3) Probability profiles and moments of neutron cou-
nt distribution via the Kolmororov equation -
B. ARCIPIANI and M. MARSEGUERRA

The distribution of neutron counts in a subcriti-
cal mltiplving svestem with an external source has
been investigated in the framework of the Kolmosorov
equations (KE). introducine some generslizations.

The backward KE. without delarved neutrons. has be
en solved for the probabilitv generating function
(pef) in the case of manv counting intervale and sui-
tably differentiated for the determination of ioint
probabilities and moments.

Attempts have been made to solve the backward KE
taking into account the delaved neutrons and a recur
rent relation has been obtained for the vrf. However,
this solution is too complicated to lend itself to
further manipulations.

All the above calculations adopt the usual simpli-
fied fission model. Vithout any such assumption the
backward and the forward KE with delaved neutrons ha-
ve been solved for the first two moments in case of
a single counting interval, thus obtaining the most
general expression for the reduced variance, This
formula, in the frame of the simplified fission mo-
del, reduces to a much simpler expression, which is
shovn to be practically equivalent to the generally
used one.

Finallv, the backward K¥ with delaved neutrons
and the simplified fission model assumption has be-
en solved for the mean value. variance and covarien
ce of neutrons counts in the case of time-devendent
sources.

DISCUSSION

W. SEIFRITZ : Are signal/noise ratios in this con-
text comparable with sigmal/noise ratios in more con
ventional contexts ? Is there anv improvement ?

M. MARSEGUERRA : The signal/noise ratio mayv be in-
creased by proper conditioning. However, the total

41



duration of the experiment has to be also taken into
account. We have not performed experiments on the
matter.

J.B. DRAGT : Just a comment. A techniaue to use all
counts in a Rossi-alpha experiment bv means of a pro
cess computer has been used at Petten. The work is
included in the paper of Tiirkcan and me. which will
be presented tomorrow.

K. SAITO : (1) I understand that 1-conditioned mean
value experiment which vou mentioned for example in
table III corresvonds to usual experiment of Rossi-
alvha. Is that 0.K. °?

72} I comment that Dr. A. Puruhashi ( Tokvo Univer-
sity ) also solved the backward Chapman-Kolmogorov
ecquation including detectrons for various situations
and various analvtical formulas of correlation expe-
riment. He is also trvineg to analvze 1-conditioned
reduced variance exvperiment.

M. MARSEGUERRA : The 1-conditioned mean value techni-
que is actually closelv related to the I-tvype Rossi-
alpha -experiment. However. it has to be noticed that
in the former method the first interval, i.e. the
conditionings one. mav have any fixed time length.
Therefore the waiting time, which starts at the end
of the first interval, is sreater than that of the
Rossi-alpha experiment which starts at the time the
trigrering pulse occurs. As I mentioned, in spite of
that. the absolute value of the difference between
the conditioned and the unconditioned mean values. in
the second interval decreases exnonentiallv to zero
with the waiting time. alpha being the decav constant.

M. EDELMANN : Could one conclude from yvour investipa
tions that some of the known techniques of noise mea
surements in the time domain should be modified some
how by introducing conditioned counting procedures?

In detailed investigations on the Rossi-alpha experi
ment we havé found that the most efficient wav of ex
tracting information from sequences of detector oul-
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ses is to use all pulses from neutron detectors.This

work is referred to in the paper on covariance measu

rements I will present later at this conference. Ho-

wever there might be some useful applications to er-

ror analvsis from vour investipsations because the nu

mber of counts in successive time intervals and their
variances are correlated.

M. MARSEGUFRRA : We did not consider from the exveri
mental point of view the pos=sibility of extracting
more information than usual. An experimental set-up
which makes use of a minicomputer to take into acco-
unt the mutual relations among several time interva-
1s would probabl: be convenient.

J.T. MIHALCZO : Do ou intend to use rour method to
predict dead-time effects in Rossi-alpha measuremen-
ts ?

M. MARSREGUERRA : I would like to comment about two
possible approaches to the dead-time corrections.
The first one consists in obtaining a correction ma
trix whose inverse when applied to the observed ai-
stribution gives the true distribution. We derived
such a matrix for Poisson and for mixtures of Pois-
son distributions. The second anproach would consi
sts in introducings the dead time directlv in the KE,
At vresent we do not nlan to work along this line.

B. BATRS : Coming back to Dr Fdelmann's aquestions
and comments I should like to vwoint out that e.r.
the measurements of Dr Chwaszczewski (1966) and vre
sent and other investigations show that the ratio
between the correlation amplitude and the backeround
increases bv usins conditional procedures. However
from the information point of view the data collec-
tins speed is then also reduced. If hirh-speed on-1i
ne computers and data collecting devices are availa-
ble. it mav be more efficient not to use selective
data collection procedures. The selective procedure
mar be justified when the capacitr of the data hen-
dling chamnel is limited.

43



(4) A stochastic study of coupled reactor svstems -
J.P. GENOUD ( presented by J. Schneeberger °

A provabilistic analvsis of two cores, loosely co-
upled b an intermediate medium, is developed. Neu-
tron population, delaved neutron precursors of each
core, and neutrons in transit between the two cores,
are the random variables considered.

During the transfer. neutron interactions with mat
ter are not considered. The neutron lifetime in this
intermediate medium is supnosed equal to the transit
time. A four-points model is developed. based on the
Kolmogorov equation for the Markov vrocessus descri-
bing the reactor behaviour.

Fokker-Planck approximation leads to a set of dif-
ferential equations for the correlation functions de-
pending on the transit time.

First results of theoreticesl analvsis of the model
show a significant transit time related siem inversion
in the cross power spectral density.

DISCUSSION

D. SCHWAL! : What is the difference between vour tran
sfer function representation and that of G.Schweitzer
{ published some vears ago ) ?

J.P. SCHNEEBERGER : For lack of preciege reference, it
was not possible to compare the transfer functions of
the proposed model with the ones obtained by Mr. Sch-
weitzer. Ve can neverthless affirm that the transfer
function ( AN+/Ak4. AN2/Ak,) derived from the four-
points model and from the classical kinetic equations
of coupled reactors are quite similar.

J.T. MIHALCZO : Where did vou obtain the transfer co~
efficients ? The apgreement between model and experi-
ments depends very strongly on these coefficients.

J.P. SCHNTEBFRGER : The values of the transfer coef-
ficients ( probability per unit time and per neutron
that this latter leaves one of the multiplving zones
and comes into the associated transfer zone ) were
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chosen according to experimental values of Mr. Viehl.

G. EOSALY : Among the parameters you have used there
have been the parameters N;, N, giving the power of
the coupling-zones No.3 and No.4. As in reality the-
re is but a single coupling-zone, I do not understand
their meaning.

J.P. SCHNEEBERGER : The third and fourth zones of the
model have no direct connection with the intermedia-
te zone ( so-called 'coupling zone' ) made of a mode-
rator medium. They represent fictive zones where no
reaction ( such as leakage, capture or fission ) ta-
kes place but in which a fictive neutron 'life time'
is defined to represent the transfer time from one
multiplying zone to the other. The neutron losses (ca
pture, leakage) in the real intermediate zone are ta
ken into account by the coupling coefficients Eij-
The difference between the output currents of each
of the multiplying zones.
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(5) Discrete probability distributione in nuclear
reactor noise -
N. PACILIO and V.M. JORIO

A presentation is given of recent contributions
that reactor noise analysis brought up to the theo
ry of probability and its applications, in terms
of new profiles and distribution femilies.

A time documentary approach is adopted.

The well-known FMZBB ( Pal-Mogilner-Zolotukhin-
Bell-Babala ) distribution, Ttrkcan and Dragt's fir-
st try to derive the probability profile from the ge
nerating function and Routti Szeless and Ruby's ele
gant computational procedure - based on the partiti
on of integer numbers - are progressivellv recalled.

In search of new probability distributions appro
ximating the PMZBB profile, a number of generating
functions have been introduced, analyzed and mutual- -
ly compared by the authors of this paper.

These functions led to :(1) the Logarithmic di-
stribution, (2) the Radical distribution, (3) the
Algebraic distribution, (4) the Poisson-Logarithmic
distribution, (5) the Poisson-Radical distribution
and (6) the Poisson-Algebraic distribution.

Distribution (4) is also kmown as Polya or Pa-
scal or Negative Binomial distribution.

Distributions (2) (3) (5) and (6) are an absolu-
te novelty in the field of probability thcofy.

Digtributions (4) (5) and (6) belong to the class
of 'generalized Poisson distributions', introduced
by Gurland some years ago.

DISCUSSION

J.C. CARRE : You mentioned an interval 1<ot £ 5 .
What practical field does it correspond to ? What
can we do in that 'no-man land*' ?

N. PACILIO : The need for compact and recursion-for
mulated distributive profiles is absolutely stringe
nt in the evaluation of experimental data. The Pois
son-Logarithmic distribution and the Poisson-Radical
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distribution are pretty good matches of observed pro
files in the intervals at <1 and Ot >5 , respective
ly. On the contrary . in the 1g¢at < 5 intevwval there
is no closed-form distribution available.
Unfortunatelv. the abovementioned no-man interval
is of basic importance for the auto- and cross-corre
lation function as well as for the relative variance
of neutron counts vs. time. These functions have the
ir most relevant die-away { the former two ) and bui
ld-up ( the latter one ) in this very interval.
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(6) Some results about reactor neutron fluctuations
analysis-
M. DEISS

Two sets of neutronic measurements were achieved
on two different reactors and the results of analy- '
gis are given,

First study was made on a research reactor. Very
low frequency periodic fluctuation Has been revealed.
The cause of this fluctuation is not vet obvious.

Second study was led on a power reactor. It deals
with the possible influence of reactor mechanical vi-
brations on a lone ion chamber. This influence was
proved and hypothesis made concerning a peculiar ef-
fect of it.

DISCUSSION

G. KOSALY : In your presentation vou mentioned cor-
relation measurements performed at SENA. It is not
clear to me where the detectors have been situated
between which the correlation has been measured. Ha-
ve been you speaking about axiallv placed, or rad:.a.l-
ly situated detectors?

M. DEISS : These measurements have been performed on
usual ionisation chambers, which are located in holes
radially distributed around the core center ; axis
of chambers and axis of core being parallel. Then it
was speaking here about radially situated detectors.

J.C. CARRE : Could you precise on what type of reactor
you have performed the first set of measurements and
also at what power level this reactor was operated
during your measurements?

M. DEISS : This reactor was a swimming pool reactor
for research. Power levels at which it was operated
during the measurements were respectively 70 MW and
300 kWo

Jd. THIE : Have you the 3.5 and 5.2 Hz frequencies
of pendular motions been quantitatively studied to
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the point of beeing able to state the amplitude of
these pendular motions ?

M. DEISS : It was not in our intentions for these
measurements to study particularly such pendular mo-
tions. We have only observed they and didn't attempt
to0 state their amplitudes.

M. EDELMANN : Could you please tell me the break fre-
quencies of the two reactors where vou have measured
the neutron power spectra ? It seems to me that you
have measured resonances berond the break frequency
of the reactor which should be difficult to explain,

M. DEISS : In the second set of measurements we can
estimate that the break frequencv is about 20 Hz.

In consequence I made in mv talk the hvpothesis that
the resonances appeared bevond this break frequency
would be probablv induced on the chamber structure

or on the electrical connection of the detection line.
by means of a microphonic process.
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(7) Theory of correlation measurement in time and
frequency domains with Cf-252
J.T. MIHAICZ0 and V.K. PARE'

The theorv of cross-correlation measurements bet-
ween the pulses from an ionigation counter containing
a Cf-252 neutron source. which furnished the initia-
tors of fission chains in a neutron-multiplving assem
bly, and the pulses from a detector observing the par
ticles from the fission chains is reviewed.

The expression for the detector response in this
type of measurement is first presented in the time
domain. Then the cross-power spectral densities in
the frequency domain measurements are developed. The
theorry of the usual two-detector noise measurement is
reformulated t0 incorporate a modified Diven factor
that includes the effects of neutrons from external
sources such as spontaneous fission of Cf and the re
actor fuel. Finally, the equivalence between both the
time and the frequency domain expression is demonstra
ted.

A new method of reactivity determination is propo-
sed that avoids some of the difficulties of the pre-
sent methods, such as dependence on detection effici-
ency and inherent source strength, and the requireme-
nt for a calibration near delayed criticality.
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(8) Reactor ramma noise studies -
B. BAFRS

A review is fiven of reactor gamma noise studies.
with the main emphasis laid on experience fained from
subcritical reactors at Otaniemi. Finland. along with
a surver of the develooment of stochastic models. nu-
merical studies and ramma noige measurements.

Yithin the fra~ework of a space-indevendent two-
energ—ecroup model that has been developed. all of
the simplified correlation functions associated with
the detectors sisnals iy and i, assume the form <i,it)
i, ‘t+T))= A + B,exn/-w,1) + Byexn(-w,T): the subinde-
xes 1 and 2 hPre refer to the fast and thermal frouns
of neutrons resvectivel:, The detection model inclu-
des the detection of gamma ravs, thermal neutrons and
fast neutrons, absorption. recoil and fission tvpe ds
tectors, ramma-compensated detectors and response flu
ctuations.

Bxplicit expressions are fiven in rerard to the in-
fluence of a larpe number of reactor and detector vna-
rameters.

The gamma radiation. vhich is emitted with long de-
lav., can be reparded as spurious, and in the main de-
grades the measurement qualitv. With respect to dete-
ctor effects., the model further orovides some insight
into the analvsis of power reactor noise.

It has been experiment=1lly confirmed that informa-
tion on the thermal and fast groups of neutrons in a
thermal reactor is derivable from noise measurements
by means of photon detection, or alternativelv the
joint use of thermal neutron and photon detection.

Bx-core measurements and measurements on fast reac-
tors have also been effected.

The use of ga~ma detection in reactor noise measu
rements may be rerarded as a comnlement to and a sub
stitute for thermal and fast neutron detection.

Other distinct and useful features of pamma detec
tion include the possibilitv of acquiring energv-sen
sitive detectors with excellent time resolution. the
possibility of making use of energv selection by the
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agency of electronic amplitude discrimination, the
relatively small disturbance in the svstem that ari
ses from a gamma detector, particularly in ex-core
measurements and the great relaxation length of high
energy photon radiation as compared with thermal neu
trons.

DISCUSSION

J.C. CARRE : You have used gamma pulses for correla
tion measurements : is it possible to measure a £am
ma current and, if it is possible, with what device
to deal with °?

B. BAERS : Gamma detectors, which are operated in
the current mode, can be used in noise measurements.
They do however have certain limitations due to the
ir time resolution ( circa 1 msec ), because the se
lection or discrimination of gammas with specific
energies is not normally possible and there are low
signal strengths at subcritical reactors. On the o-
ther hand, fast-response ( circa 1nsec ) pulse-type
detectors also have limitations and cannot be opera
ted in high gamma fields due to saturation effects
such as limited counting rates. Thus current mode
detectors, such as ionization chambers, seem to be
preferable at high gamma fields,e.g. in power reac-
tors, if no energv selection is needed and if only
a low or moderate time resolution is required.

W. SEIFRITZ : The problem of a detector for only a
fast neutron sensitivity is related to the efficien
cy problem. All fast neutron detectors show a verv
low efficiency.

B. BAERS : The low efficiencies of fast neutron de-
tectors require long, perhaps impractically long,
observation times. Other, and perhaps more crucial,
drawbacks of fast neutron detectors are the limited
time resolution, which is not enough.for many appli
cations, and the difficulty in separating thermal
and fast neutron detections in a simple, fast man-
ner. To my knowledge no fast neutron detectors have
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so far been used on thermal reactors for observing
the fast decay mode ( o, Y.

G. KOSALY : In yvour verbal presentation vou refer
to the time constants o, and w,; , which are the ei-
genvalues vou obtain from the two-energy group, one-
space point model. In r. space dependent two-group
theory w, would correspond to the fundamental prompt
decay constant while w,; would correspond to the fir-
gt slowing-down harmonic. It is well known that the-
re are & lot of decay constants falling in the range
between the two of them. My question is that how we-
re you 8ble to get rid of those decay constants whi-
le you succeded in keeping w, . I feel that one ei-
ther removes all the decay constants other than the
fundamental one, or keeps many decay constants but

T do not see eny practical means to keep W,and w,
and remove all the others falling between them.

B. BAERS : The space-independent two-energy-group
model predicts two distinct and fundamental relaxa
tions ( EQ.13 )} , which are associated with the fa-
st and thermal groups of neutrons respectively. O-
ther relaxation modes associated with space and e-
nergr effects have not been estimated but their am
plitudes are probably smaller than the fundamental
modes. The following data support our interpretati-
on of the results and reduce the probability of mi-
sinterpretation. The estimates for the relaxation
constants are obtained in several different wavs,
i.e. for detectors located in different places and
for auto- and cross-correlation of neutrons and gam
mas. The experimental estimates roughlv agree with
theoretical predictions and gamma-neutron correla-
tions specifically yield negative correlation ampli
tudes.

H. VAN DAM : In these highly subcritical systems
you always have contamination by higher modes whi-
ch give rise to a series of relaxation constants.
This may partly explain the discrepancies between
theory and experiment in your table IV. Would you




comment on this ? Could vou see these higher modes
in vour measurements ?

B. BAERS : The measurements indicate that there is
some contribution from hirsher order modes in the vi
cinity of w,. These and other simnlifications in the
theory, inaccurate narameters in the calculations.
and the poor statistical accuracv contribute to the
discrepancies between theorvy and experiments in ta-
ble IV.

K.J. SERDULA : How do vou treat the delaved sammas
that are a direct result of the fission events when
vou use only the gamma detector ?

B. BAFRS : Based on the delay, the famma { and neu-
tron ) emission can be divided into three categori-
es (ref.4) : (1) the promptly released { A>uMAX ),
{2) the slightly delaved ( WMAX> A> oMIN ), (3) the
spurious gammas which are emitted with a long delav
" A<oIN Y, The constants uwMAX and «¥IN are the
upper and lower bounds of the frequency range of in
terest. The delaved fission garmas. which mainlv bn
long catersorv (3), mostly contribute to the non—cor
related part (A) of the correlation function and de
erade the quality of the measurements. Because the
delaved fission gammas on average have a lower ener
gv than the prompt fission pammas, which mainlv con
tribute to the correlation, the relative correlation
amplitude (B/A) can be increased bv discriminsting
against the low energv camma radiation. In counting
techniques such an improvement in the measurement
qualitv can be achieved bv electronic ampvlitude se-
lection.




i9Y Studv of the vower spectral densitv by a& nonli-
near resvonse to the stochastic input -
Y. GOTOH

The non-linear resvonse of a reactor to the sto
chastic reactivit+ input has been studied. The con
ditions for the svstem to be stable in the mean and
in the mean square are derived for the Gaussian stg
adv and for the white noise. respectivelv,

Tanking the ensemble average of the equation for
a covariance function and throush the Fourier tran-
sforn of it, an interral equation for the power spec
tral densitv is obtained, which includes the effect
of a non-linear response on the stochastic input.



(10) Thermoelectrically generated noise in sheated
thermocouples and in other low level instrumen-
tation cables-

F. MATHIEU, R. MEIER, M. SOENEN, M. DELCON,
C. NYSTEN

Starting from the fact that thermoelectric emfs
of thermocouples are generated in the thermal gradi-
ents and not at the hot junction, it is shown how
thermoelectric heterogeneity in conjunction with na-
tural and forced convection phenomena gives rise to
unwanted noise called : 'thermoelectric noise' in
the technological sense.

A distinction is made between four different ty-
pes of noise - i.e. uncorrelated noise. correlated
noise, spectral noise and thermoelectric noise in the
phvsical sense - each of which has its own characte-
ristics.

The experimental results presented reveal that
noise amplitudes may be quite embarassing when dea-
ling with problems of quantitative sigmal fluctua-
tion analysis.

It is however emphasized that thermoelectric no-
ise may also convey useful information which, witho-
ut noise, may be lost.

DISCUSSION

L.G. KEMENY : Could you please tell-us the frequen-
cy content or the time constants of your observed
noise signals ? What contrbutes most to the ampli-
tude and frequency content of these signals ; is it
(1) heterogeneities in the thermocouples wire ?

(2) coolant transport along the length of the wire ?
(3) extraneous electrical field pick up ? How can
these the eliminated so that only the desired hot
junction signal is observed ?

F. MATHIEU : The generation of thermoelectric noise
requires simultaneously : (1) a thermoelectrically
heterogeneous wire, (2) thermal eddies. Amplitudes
and frequencies depend on parameters like the degree
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of heterogeneity, the shape, magnitude and velocity
of thermal perturbations, etc,—-For the reported
experiments a low level DC amvlifier has been used
which set! a limit of 1.5 - 2.0 Hz to the upper fre
quencies. This value must however not be taken as
a reference for practical applications where the
noise frequencies are generally considerably higher.
Noise injected by external sources is lmown from se
veral years experience to be neglegibly small. One
way to eliminate thermoelectric noise consists in
making use of thermoelectrically homogeneous wires.

W. SEIFRI?Z : Is it a presupposition to observe tem
perature fluctuations that a thermal temperature
gradient along the cable is time dependent ?

P. MATHIEU : Yes, it is;uncorrelated, correlated
and spectral noise are considered under this hypo-
thesis. Thermoelectric noise in the physical sense
on the other hand should be a property of matter,
observable in the absence of any external thermal
perturbation.

E. !I.'GRKCAN : In one of the figures you had P.P. no-
ise level of 0.12 uV which means fluctuations of
0.003_°C . What is your amplifier noise level ?

F. MATHIEU : Fig. 8 reproduces, for decumentary
purposes only, the output of two instruments conne
cted in series . Amplifier plus recorder. No quan-
titative use is made of these results. The ampli-
fier noise level is higher than 0.12 pV but lower
than the threshold value of 0.4 uV .

U. WESSER : What do you mean by nonhomogeneous wi-
re ? Material composition, diameter variation, ma-
terial composition variation, crystal structure va
riation or density effects ? Have you done measure
ments of diemeter variations or correlations betw-
een noise and diameter variations ?

F. MATHIEU : The peper is based on a definition of
heterogeneity which does not call upon the metallur
gical, physical or geometrical condition of a wire.
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A conductor is considered to be thermoelectrically
heterogeneous if peak to peak sifmal fluctuations
exceeding a given threshold are observed when a
thermal perturbation moves along its len~th. We car
ried out experiments with wires of several nominal
diameters but did neither measure diameter variati
ons of the individual wires nor establish correla-
tions between noise and diameter variations. This
would in fact be a very tedious task with results
difficult to apply to practical situations. As a ru
le the thermoelectric noise level increases with de
creasing wire diameter.

H., NISHIHARA : I wonder if the author considered
the difference in response times of the hot iunc-
tion and of the heterogeneities along the elements?
Usually the tip responds much faster to temperatu-
re than the heterogeneities of the elements shea-
thed in tubes.

F. MATHIEU : Our experiments were carried out wi-
thout hot junctions. It depends on many parameters
whether a hot junction responds faster than hetero
geneities to external excitations, but it should
not be forgotten that a slowlr varving external pe
riodic perturbation can generate much higher fre-
quencies as illustrated by Fourier decomposition
of the record og Pig. 6a .
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(11) Regression filter for sigmal resolution -
V. MATTHES

Ve consider the problem of resolving a measured
pulse-height spectrum of a material mixture ( e.g.
Raman-spectrum, gamma spectrum ) into a weighted
sum of the spectra of the individual components of
the mixture.

If the measured spectrum is contaminated with
noise, the standard least-square method camnot be
used to unfold the spectrum into its individual
components for small signal-to-noise ratios.

To improve the identification of the components
in the mixture we constructed a 'stepwise regression'
method which gives very good results even for signal
to0 noise ratio of the order of one.

The new method is a combination of the least-squa
re mechanism and repeated application of statistical
tests.

DISCUSSION

1'. MARSEGUERRA : Do you think that the procedure
you reported will work if the components in the
library change slowly going from one to the succe
ssive, as it may happen in unfolding of continuous
spectra ?

W, WATTHES : Due to the lack of experience this
question can not be answered generally. However .
this method was applied to unfold a superposition
of Gaussian pulses of unknown number, positions
and widths. Fven in this case, where the componen
ts in the library changed very slowlyv the pulse-
jdentification and the pulse-separation capability
of the methodi was very satisfying. Note that in
this case each library component is a Gaussian pul
se of a well defined width at a fixed position and
the components differ in a small change of the wi-
dth and a small shift in position.

“l, SEIFRITZ : Vhat happens in the analysis using
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the 'regression filter' when the input functions
are correlated with other ? Did you also compare
your novel method with the standard method called
'partial correlation coefficient technique' which
is usually used to treat these problems ?

W. MATTHES : The regression filter tries to iden-
tify given deterministic structures contained in
a measured signal. This means that the library co
mponents are always more or less correlated due
to the usual definition of a correlation between
two signals as a time average of the product of
the two components. Even in the case of strong co
rrelation in this sense ( slow change in the 1i-
brary components ) the regression filter has good
resolution performance. Up to now the regression
filter was only compared with the standard least
square mechanism,

D. SCHWAIM : (1) How many iterations did you need
in your example ? (2) Does the number of iteratio
ns depend on the number of components ?

W. MATTHES : In the calculations done up to now,
including the example presented, the number of ite
rations was just equal to the mmber of components
actually contained in the measured signal. The for
ward selection procedure identified step by step
the correct components.

M. EDELMANN : (1) The power of the method you pre-
sented for idemtification of signal components is
very impressive. However, it seems to me that it
has the disadvantage that you have to know the com
ponents possibly present in the signal in advance.
Is there any chance to overcome this draw-back,for
instance in applying this method to the interpreta
tion of power noise spectra? (2) Have you checked
whether some of the components you added to the
subset in the forward selection procedure could be
omitted again in the backward elimination procedu-
re ?
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W. MATTHES : (1) If you consider it a disadvanta—
ge to require some knowledge about what you are
trying to find, you are right. On the other hand,
I would not know what to do with a measured signal
without a specific question. (2) In one calculati-
on ( out of about 20 ) the backward elimination
procedure was needed to eliminate one component.
In all other cases the forward selection procedu-
re was sufficient and the calculations terminated
aftef the first elimination trial.

L.G. KEMENY : Have you made an assessment of the
ultimate limotations of the non-linear least-squa
re fitting technique ? At what signal-to-noise ra
tios and with how many unkmnown coefficients does
this method become inefficient ?

W. MATTHES : The limitations of this method and
its range of applicability were not investigated
from the theoretical point of view. It could be

a good work to construct a theoretical frame for
this procedure. As much as I can say the resolu-
tion power of this regression filter bresks down
for a signal-to-noise ratio smaller than one and
for a signal-to-noise ratio of the order of ten
the results of the direct least-square method and
of this method converge. As for the mmber of un-
knowns, this method was applied to the resolution
of mixtures containing at most ten components.
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(12) Data acquisition and processing system for
reactor noise analvsis -
J. COSTA OLIVEIRA, C. MORAIS DA VEIGA,
D. PORJAZ TRIGUEIROS, J. POMBO DUARTE

A data acquisition and processing svstem for
reactor noise analysis bv time correlation methods
is described, consisting in one to four data feed-
ing channels ( transducer, associated electronics
and V/f converter ), a sampling unit, a landline
transmission system and a PDP-15 computer. This sy-
stem is being applied to study the kinetic parame-
ters of the 'Reactor Portuguds de Investigacao', a
swimming-pool 1 MW reactor.

The main features that make such a data- acqui-
sition and processing system a useful tool to per-

~form noise analysis are :

(a) the improved characteristics of analog-to-
digital converters em'ploved to quantize the
signals ;

(b) the use of an on-line computer which allows
a great accumulation a rapid treatment of
data together with an easy check of the cor
rectness of the experiments ;

(¢) the adopntion of the time cross-correlation
technique using two detectors which bypasses
the limitation of low efficiency detectors.
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(13) Time domain noise measurements for fast metal
assemblies with Cf-252 -
J.P. MIHALCZO

In this paper the author reviews and summarises
measurements made in the time domain with Cf£-252
sources and a variety of fast critical assemblies.
Cross-correlation measurements in the time domain
were made between the two pulses : from (1) an io-
nization counter containing a C£-252 neutron sour-
ce, which provided the initiators of fission chains
in a neutron multiplying assembly and (2) a sensor
that detected the particles from the fission chains.
These measurements were made with both unmoderated
and polyethylene-moderated uranium-metal ( circa
93 wt% U-235 ) cylindrical assemblies. The uranium
masses were vartéd from 12 to 160 Kg , and the pro-
mpt-neutron decay constant ranged from 3°1
1 gec™

The possible application of this method to deter
mine the prompt-neutron decay constant in plutonium
was studied with unmoderated plutonium-metal assem-
blies. The plutonium masses were varied from 2.2 to
16 Kg, and the spontaneous figsion rate from Pu-240
ranged from 4.5 104 té 8.2 10° fissions/sec. These
assemblies included spheres and parts of spheres of
plutonium, with 4.5 to 20.1 at £Pu-240.

Conventional one- and two-detector Rossi-alpha
measurements were also made for many of these sy~
stems. The ratio of the correlated count rate from
a Cf-252 measurement to the correlated count rate
from a Rossi-alpha measurement was inversely propor
tional to detection efficiency and as large as 8000
for some assemblies when both measurements were ma-
de. The decay constant could be determined within
a few percent in less than 10 min for a uranium cy-
1inder with a mass as small as 12 Kg . The decay co
nstant can be measured by this teehnique for pluto-
nium with as much as 20 at.%¥Pu-240 . Thus, the use
of C£-252 aliowed the determination of the prompt-
neutron decay constant without the use of a complex
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pulsed neutron source. A suberiticalitv monitor for
uranium and plutonium metal based on this technique
ig feasible.

Other measurements at delaved critical were per-
formed to determine the effective delaved-neutron
fraction for bare and natural-uranium-reflected ura
nium and plutonium delaved critical spheres. These
measurements, in which the various other varameters
in the time correlated component of the decav were
individually measured to 1% accuracy, serve as the
basis for a verification of the theorv of the measu
rements in the time domain to within a few percent.
Measurements with uranium spheres were made of the
Oak Ridge critical experiments facility, and those
with plutonium or natural uranium reflectors were
made at the Paiarito critical mass laboratory of the
Los Alamos Scientific Laboratorv.

In the delaved-neutron determination, the ratio
of the correlated counts was obtained with a tyvpe 1
analyzer with a varietv of Cf-252 sources and detec
tors. The location of the Cf-252 source and the de—
tector were varied to verify that the value of the
delaved-neutron fraction did not depend on the loca
tion of the detector. The spatial distribution of
the neutron importance, required for determination
of the spatial effects factor R, was measured by o
sitioning a 'point' source of Cf-252 at various ra-
dii in the spheres and assuming that the count rate
for externally located detectors was proportional tn
the neutron importance. The relative importance of
the neutrons from Cf-252 ionization chamber was ob-
tained from similar measurements, since the absolu-
te values of the source intensities were known. The
fission density also require for the calculation of
R was obtained from foil activation measurements.
The quantities involving the number of prompt neu-
trons per fission are obtained from other measure-
ments. The values of the effective delayed-neutron
fraction agreed with the accepted values for this
svstem within a few percent.
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(14) Spectral density measurements with a mockup
of the Past Flux Test Facility reactor -
J. MIHALCZO, V.K. PARE, M.V, MATHIS

This paper describes two series of noise analy-
sis measurements that were made witha mockup of the
FFTP, which is a liquid-metal fast breeder reactor
( IMFBR ). The firgt demonstrated the adequacy of
in-core noise analysis measurements for reactivity
determinations down to 30 dollars subcritical and
resolved the discrepancies of previous measurements.
The second tested the feasibility of a new reactivi
ty determination method.

In the first series the reactivity of the mockup
was determined by dbreakfrequency noise analysis ( B
FNA ) over a wide range of reactivities down to 34
dollars subcritical. The purpose of this first se-
ries was to test and eveluate all reactivity measu
rement methods that showed promise for use in cri-
tical experiments and IMFBR applications. These mea
surenments also verified the adequacy of the propo-
sed detection system and reference concept for sub-
criticality monitoring in the FFTF. The results from
the BFNA were compared with results from the inver-
se kinetics rod-drop (IKRD) method for reactivities
down to circa 10 dollars subcritical and from the
modified source neutron miltiplication (MSM) measu-
rements for reactivities down to 34 dollars subceri-
tical.

Another purpose of this first series was to resol
ve the discrepancies observed in 1970-72 by differe-
nt experimenters ( at ORNL, HEDL and ANL ) between
their results from (3 /A measurements at delayed cri-
ticality and from subcriticality determinations in
fast plutonium-fueled reactor systems. Some of the-
se discrepancies were briefly : an apparent depen-
dence of /A on detector type and location was ob-
served at delayed criticality with the homogeneous
mockup of the FFTF ; and BFNA and TKRD measurements
made with the mockup of the FFTF were different but
measurements made by these two methods at the SEFOR
were in agreement.
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To resolve these discrepancies and to evaluate spa
tial-and energy-dependent effects on these measuremen-
ts, 15 detectors (Li-6 glass scintillators, fission
counters and He-3 ionization chambers) were installed
at various locations in the core radial and axial re-
flectors and in the low-level flux monitor position
outside the reactor in the shield. Measurements of
p/A at delayed criticality showed no dependence on
detector type or location . However, as the reactivi-
ty was decreased, the dependence on detector location
increased until the reactivity determined by BFNA bet
ween the core and the reflector differed by 504 at 30
dollars subcritical. The agreement of results from
BFNA measurements with in-core detectors and those
from IKRD or MSM measurements was excellent, i.e., at
34 dollars subcritical, the difference between BFNA
and MSM results was only 4%.

The purpose of the second series was to determine
the feasibility of a new method of determining reac-
tivity by using Cf-252 as described in the previous
paper. Por these studies, the loading of the mockup
of the FFTF was changed to simulate the initial lo-
ading of the reactor. The real and imaginary parts of
spectral densities were measured simultaneously as a
function of frequency for reactivities from 0.8 to
> 50 dollars subcritical to form the ratio G"'G /GMGha
The constancy of this ratio with frequency a.nd the
ratio of the real to imaginary part of G, multiplied
by frequency verified the theory presented in the pre
vious paper based on point kinetics. The reactivities
determined in the preliminary analysies by a variety
of methods showed general agreement among methods,
thus demonstrating the feasibility of the method em-
ploying C£-252 in the frequency domain.
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(15) Heat transfer coefficient and some other reactor
parameters determined from measurements of fuel
temperature and neutron flux fluctuations-

R. ISNARD ( presented by J.P. Schneeberger

Noise analvsis experiments were performed in the
swimming pool tvpe reactor SAPHIR at the Institute
for Reactor Research in Wuerenlingen and SILOETTE at
the Nuclear Studies Center in Grenoble : from these
experiments the fuel-coolant heat transfer coeffici-
ent, the neutron lifetime and the decay constant of
precursors were determined. The reactor power was in
the range 1,50 W to 50 kW. The temperature fluctua-
tions were measured using small thermistors built
respectively in a fuel plate and in a dummy alumini
um fuel plate, the two thermistors being branched in
a Yheatstone bridg=; maximum sensitivity of the de-
vice being 5x10~50C, Conventional ionization chambers
were used as neutron fluctuation detectors. After
amplification and filtering the temperature and neu
tron signals were recorded on magnetic tape for fur
ther processing with correlator and Fourier tranfor
mer, giving the thermal and neutron power spectral
densities.

The stochastic point model representing the reac
tor involved the number of neutrons, of precursor
nuclei and the fuel temperature as random variables.
Good agreement was achieved between measurements and
theoretical values :

Measured and calculated heat transfer coefficient
X [W/m2°CJ

normal convection
forced convection

DISCUSSION

1.G.KEMENY : Were you able to obtain some phase in-
formation in yvour measurements ? If so, did you cal
culate the neutron flux to fuel element temperature
transfer function and fuel element time constant ?

J.P. SCHNEEBERGER : Yesltheoretically, because we

230% 35 || 252
890 90 || 959

67



have recorded fuel temperature fluctuations and neu-
tron noise. As it is shown in the first part of refe
rence (1), it is easy to calculate the cross-power
spectral density between neutron population and fuel
element temperature, and so, the gain and the phase
of the neutron flux to fuel element temperature trans
fer function. The fuel element time constant is g1ven
by the relations (3) and (4). Unfortunately, we could
not get this time constant by measurement of ﬁNT- The
pieces of recorded fuel temperature and neutron flue-
tuations are disioint, because we had to adjust the
neutron flux signal ( to remove the DC current ) more
often than the fuel temperature one. Then,it was not
possible to perform further measurements in this reac
tor in a suitable time delay, so we cannot get the
neutron flux to fuel element temperature transfer fun
ction. However the fuel element time constant is gi-
ven by the cut-off pulsation of P, ™

M.J. BRIDGE : Whv could the fuel temperature coeffi-
cient not to be obtained from the measurement and
what is the sensitivity of the fitted heat transfer
coefficient to the fuel temperature coefficient °

J.P, SCHNEEBERGER : The reactivity temperature coef-
ficient modifies the power spectral densities or cr-
oss power spectral densities only in low frequency
range (f some 103 Hz ). The cross power spectral
density between neutron population and fuel element
temperature is rather sensitive to this coefficient
if this one is equal or greater than a few pem/°K ,
and if the heat transfer coefficient is not too lar
ge. S0, if measurements of this cross power spectral
density had been made, we could have got an order of
magnitude for this reactivity temperature coafficient.
On the other hand, neutron power spectral den51tv P
and fuel temperature power spectral density $ are
insensitive to the reactivity temperature coe¥¥1cient
of few pem/°K .

L.G, KEMENY : Have you thought of obtaining both am-
vlitude and phase information in your measurements

B
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and determining the fuel rod transfer function and
perhaps reactivity coefficient ?

J.P. SCHNEEBERGER : As we just said the cross power
spectral density between neutron population and fu-
el element temperature could not be measured, so we
had no phase information. But Ppp gives the same am
plitude information as P « Theoretically, there is
an other way to get the reactivity temperature coef
ficient. The covariance equations, which are limit
conditions of the correlation equations determinated
from Fokker-Planck equation gives 3s/dT, the reacti
vity temperature coefficient, if you make some assum
ption and if you measure Gy and Gmq,. This idea is in
cluded in the historical Harris'paper.

69



(16) Measurements of kinetic parameters by noise
techniques on the Minerve reactor -
J.C. CARRE and J. DA COSTA OLIVEIRA
( presented by D. de Lapparent )

This paper is dealing with two topics :

- noise measurements on ERMINE without feedback
- noise measurements on ERMINE with an automatic
control rod.

ERMINE is a fast thermal coupled reactor built
in MINERVE,

There are two applications, in low power reactor,
of the pile noise theory with a point kinetic model.

The first one concerns the measurements of auto
and cross power spectral density obtained with one
or two neutron detectors, and the determination of
several parameters :
~ neutron lifetime

- efficiency for one ion chamber

- power level of the reactor

- maximal speed and acceleration of a control rod
for the design of an automatic reactor control
actuator.

The second one is dealing with the measurements
of the auto power spectral density in reactivity
for the control rod and the estimation of :

- the transfer function of the automatic pilot

~ the neutron lifetime .

- the standard error affecting the results obtai-
ned with the oscillation method.

DISCUSSION

T. NOMURA : What is the noise source of external
noise source you mentioned ? Is the vibration the
only noise source ?

D. DE LAPPARENT : The noise sources are multiple :
vibrations of core, of control rod, vibrations of
coolant flow pump, temperature fluctuations of co-
olant flow-—

K. SAITO : In connection with Dr Nomura's question,
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I make a comment. Variance is one of the characteri-
stic figures of fluctuations. Dr Oka in Tokyo Univer
sity also measured variance and studied its power de
pendence. In zero power reactors variance increases
in proportion to P. As the nuclear power increases,
the variance increases more rapidly. Dr Oka also fo-
und the term which is proportional to P2. He attribu
ted the origin to the temperature fluctuations.

M. EDELMANN : As a comment to the question raised by
Dr Nomura, I would like to point out that in the pa-
per by Dr Vdth I will present in the last session of
this meeting the effect of a control loop on the po-
wer spectral density of neutron detector signals is
investigated in detail. In this paper it is shown
that the additional noise in a comtrolled reactor is
due to the detection noise of the control detector
which drives the control system, as predicted by Bor
gwaldt from theoretical considerations. This detec—
tion noise causes a reactivity modulation in the con
trol loop which produces the power fluctuations re-
sponsible for the additional power spectral density
contribution.

D. SCHWAIM : T believe that the formila G2 = aP+bp
is theoretically incomplete in a power reactor. The
complete formula must contain a term cP4.

D. DE LAPPARENT : With our simplified model we ob-
tain only

0"2 -a+bP+cP2 o
We are presemtly working in order to improve this
model.
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(17) Investigations of the two-detector covariance
method for measurement of coupled reactor ki-
netics parameters -

M. EDELNANN , J. EHRHARDT , W. VAETH

For the measurement of point kinetics parameters
of zero power reactors many different methods have
been widely used and described in the literature.
These include Rossi-alpha, probability distribution,
variance-over-mean, frequency analysis and polarity
correlation of neutron detector signals. The deter-
mination of coupled kinetics parameters using the
two-point reactor model has been published for a va
riety of methods including the Rossi-alpha method
and frequency analysis of neutron noise.

This paper describes for the first time investi-
gations of two-detector covariance measurements and
their application to the determination of coupled
kinetics parameters. The results will be compared
with the afore-mentioned two methods.

The measurements have been performed at the Argo
naut Reactor Karlsruhe (ARK) with a symmetrical two
-slab core loading for different subcritical levels.
Signals from two neutron counters placed in each z0
ne of the reactor were analyzed in two different wa
yS.

In the first method the two-dimensional probabi-
lity distribution of the number of counts from the
detectors was measured using a small digital compu-
ter. The computer was used to control the gating ti
mes of two specially designed counting registers
and to calculate the first and second moments.From
that the covariances were calculated in real time
and displayed en a CRT as a function of the count-
ing time interval.

In the second method the variance and the cova-
riance of the detector pulses were directly measu-
red without using the probability distributions.
For this purpose a new analyzer based on a special
calculational algorithm was developed. This method
has the advantage that a relatively small amount of
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hardware is necessary.

Theoretical formulas for the varaince and covari
ance in a symmetrical two-point reactor model were
derived. The material properties and neutron lifeti
mes for each reactor zone were assumed equivalent.
The transport time of neutrons from one zone to the
other was neglected. The parameters in the model in
clude the decay constant of prompt neutrons and the
coupling reactivity of the two core zones. These pa
rameters were determined by least-squares fitting
the experimental data to the theoretical curves.

The results are in good agreement with those of
independent measurements done by a dead-time-free
Rossi-alpha method. However for two-point reactor
model the covariance method is applied advantageous
1y because information about coupling influences all
measuring points. Therefore covariance method exhi-
bits a smaller error in estimation of coupling para
meters than Rossi-alpha method. This is in contrast
to point reactor experiments, where both methods are
almost equivalent. In addition the strong influence
of detector dead-time losses was taken into conside
ration and a correction formula was developed.

DISCUSSION

W. SEIFRITZ : Did you generalize your formalism to
non-symmetrical systems as it is done by Dr Viehl ?
Is Dr Mihalczo interested in extending the Cf-method
to measure the coupling reactivity in metal systems
presented previously ?

' M. EDELIIANN : No, we derived formulas for Rossi-al
pha and variante measurements only for symmetrical
reactor models. But as far as I can see at the mo-
ment, the same procedure would apply to non-symme-
trical systems too. However, the resulting equatio
ns would be much more complicated due to the incre
ased number of parameters which have to be taken in
to account in this case. And if the difference bet-
ween kinetic parameters of the two nodes were small,
1% wvould be difficult to determine all of them from
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the mesured curves by least square fitting methods.

N. PACILIO : In 1967 pulsed-neutror experiments we-
re made on two organic-moderated and -reflected co-
upled cores of the ROSPO ( a zero-power organic-mo-
derated reactor ) nuclear system in order to inves-
tigate their time response and to measure some kin-
etic and reactivity parameters. At least for loose
coupling, the fundamental mode has been observed to
have two time-decay constants in any point of the
system ( except in the vertical symmetry plane ),
which are strongly interrelated. For two identical
cores, these decay constants can give separate in-
formation on the intrinsic and coupling reactivity
as well as on the reduced neutron lifetime of the
system.
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(18) Studies of neutronic coupling by reactor noise
analysis in the time domain for facilities of
RCN, ,Petten
E. TURKCAN and J.B. DRAGT

After a review of the existing literature on de-
termination of neutronic coupling parameters from
reactor noise, the paper gives a survey of the work
on this subject done from 1967 at RCN, Petten, usi-
ng noise analysis in the time domain.

A summary is given of the Avery theory and its
approximations to describe coupled reactor systems
and the formulas used for the analysis of the noi-
se are reviewed. In particular a method is descri-
bed which is based on & differential equation whi-
ch connects measurable auto- and cross-correlation
functions with a matrix of kinetic parameters, in-
cluding couplung parameters, ( 'reactor matrix’ ).
By a matrix jnversion technique this reactor matrix
and eigenvalues ( = decay constants of prompt modes )
can be found from the set of correlation functions
as a function of the delay time. If matrix elements
and eigenvalues are found to reach quickly asympto
tie values for increasing delay time, the measure-
ments support the underlying model.

A short description is given of the  experimental
set-ups. Both continuous signals from ionization
chambers in critical systems and pulses from neutron
counters ( BF3 or He-3 ) in subcritical conditions
have been processed with digital computers, partly
on-line in real time. Auto- and cross-correlation
functions are determined by direct calculations,by
a multi-detector Rossi-alpha algorithm and in a few
cases by a probability method. Neutronic coupling
measurements have been performed in the LFR with
two slab core and annular core, in the STEK-Argo
naut with four coupled thermal cores, and with the
~various fast-thermal coupled systems ST=K-4000,
-3000, -2000 and -1000 with a detector in each zone.

Experimental results are shown, namely an early
determination of coupling reactivity for two weak-
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ly coupled slabs in the LFR, the application of the
matrix inversion technique for various LFR-cores
and the STEK-Argonaut, and the attempts to determi-
ne the reactor matrix in more-or-less strongly cou-
pled fast-thermal STEK cores.

It was found that the methods of analysis worked
well, that accurate coupling parameters could be de
term1ned, and that theoretical predictions were con
firmed for the various weakly coupled thermal cores.
The measurements in the fairly strongly coupled co
re STEK-4000 could be interpreted by a two-point mo
del but the matrix inversion technique could not be
applied. This technique could be used for the sligh-
tly weaker coupled other STEK cores with more prono
unced higher modes effects.

It was found for these cores that the asymptotic
values of the reactor matrix elements and eigenva-
lues are only very slowly reached. Moreover, the am
plitude of the fundamental mode appear inconsistent
with the expectation of a two-point model. Also Ave
ry model calculations ( two-dimensional 26-group d1f
fusion theory ) have been applied for these cores,
but led to correlation functions and reactor matrix
different from the experimental data. It is conclu-
ded that the straightforward two-zone Avery model
does not apply here and that a two-mode analysis is
not sufficient to describe a system like STEK.

An extension of the analysis to more than two mo
des or nodes would require a modification of the pre
sent theory, which gives no possibility to account
for more nodes ( or modes ) than detectors.
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(19) Temperature noise measurements in blocked and
unblocked 19-pin electrically heated LMFBER fu
el subassembly mockups -

D.N. FRY

Introduction - Sodium temperature noise was mea
sured at the exit of a simulated fast reactor fuel
subassembly to determine the feasibility of using
temperature noise monitors to detect flow blockages
in fast reactors. Noise from both blocked and unblo
cked test bundles is being characterized using va-
rious noise signal descriptors such as power spec-
tral density, amplitude probability distribution,
and root mean square ( rms ).

Investigations by others - Bentley suggested that
small, slowly occurring blockages might be detected
by measurement of coolant outlet temperature fluctu
ations ( noise ) due to turbulence, He 1nvest1gated
this hypothesis in a mockup of a sodium-cooled fuel
element with electrically heated simulated fuel clu
sters. In this reference, he proposed a simple theo
ry of how the thermal mixing process of the coolant
causes temperature noise.

Mika et al. observed that coolant temperature flu
ctuations depended on the sodium flow rate and heat
flux, and from this observation they concluded that
temperature noise monitoring might be useful for de
tecting anomalous reactor behaviour during power re
actor operations.

Investigations at ORNL - These previous investi-
gations were with unblocked bundles. We extended the
se studies by measuring outlet sodium temperature no
ise at the Pailed Fuel Nockup ( FFM ) with and wi-
thout blockages in the test bundle. The FFI is a 19
-pin, electrically heated mockup used to simulate the
wirewrapped fuel pins in a portion of a liquid-metal
fast breeder reactor fuel subassembly. To block the
flow of sodium coolant, a 1/8-in, thick plate was
placed 4 in. down-stream from the start of the hea
ted zone ( total heated length was 18 inc.). Appro-

77



ximately 1/3 of the cross-sectional flow area was
blocked. Sodium temperature noise was measured in
the center of flow channels across the bundle exit
by 11 stainless steel sheated, grounded-junction,
Chromel-Alumel thermocouples. Measurements were ma
de for flow velocities of 3+7 %o 7.2 m/sec and hea
t fluxes of 71 and 85 w/cm“. Thermocouple analog si
gnals were recorded on magnetic tape and are being
analyzed using a fast Fourier transform digital fre
quency analysis program.

gg_sults - The data were analyzed to determine Po
wer spectra and rms noise levels within the band-pass
of the thermocouple ( O-1 Hz ). The observed depen-
dence of rms temperature noise level on sodium flow
rate and heat flux agrees with earlier observations
by Mika et al. ; that is, the bundle exit temperatu
re noise increased as the coolant flow rate decrea-
sed and increased as the heat flux increased. An un
expected result was that the exit rms temperature
fluctuations with a blocked bundle were circa 3 ti-
mes lower than with an unblocked bundle at the sa-
me heat flux and flow rate. We are analyzing the re
corded thermocouple signals in greater detail to find
an explanation for this unexpected result.

(20) Dynamic heat transfer experiments in an electri
cally heated IMFBR fuel element mockup
D.N. FRY , T.W. KERLIN , W.H., SIDES

Experiments were performed at the Fuel Failure
Mockup Pacility to obtain data for use in determi-
ning transfer of heat and flow paths in simulated
LMFBR fuel bundles that were operated with and wi-
thout flow blockages. The heat input to one rod of
a 19-rod bundle was modulated, and the temperature
responses were monitored with thermocouples at va
rious positions of the bundle. The experimental da
te were processed to yield frequency responses for
the measured thermocouple-heater pairs.

The frequency responses showed that the measure
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ment is sensitive to local heat transfer and flow
conditions, especially for blocked bundles. However,
the current state of the capability to analyze the
detailed behavior of complex bundles with blockages
is inadequate to provide theoretical models that will
assist in interpretation of experimental results.
Therefore, this report is limited to a discussion

of the experimental results and the influence of bu
ndle features on these results.

The results are grouped into two categories :
steady state, and higher frequency. The steady state
results are obtained from the low-frequency gain,
which is identical to the asymptotic response to a
step input. The reason for using frequency response
tests to obtain steady state results is that, in es
sence, the step change is made many times and avera
ged to give amore precise estimate. The higher-fre-
quency results are exploited when differences in ti
me constants, transport delays, etc,, cause the fre
quency dependence of the output to vary from omne sy
stem configuration to another.

The steady-state results indicate the following :

(1) The steady-state gain varies with flow to the
-0.75 power for thermocouples 'near' the heated rod,
and to the -1.7 power for thermocouples 'far' from
the heated rod.

(2) Steady-state gain can be used to construct
energy flow. maps with vectors whose lengths are
proportional to energy flow, relating selected he-
ater effects to selected thermocouples responses.
These maps show the edge swirl effect caused by the
wire wrap spacers in the bundles.

(3) The ratio of temperature increases detected
by two thermocouples at two different axial positio
ns was compared with the ratio of respective heated
lengths. In an isolated, uniformly heated channel,
the ratios should be equal, and deviations from e-
quality would indicate either overcooling or under
cooling. Both of these effects were observed, inclu
ding a radial dependence of the ratio for thermoco-
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uples near an edge blockage.

The higher-frequency results show the following :
(1) Results obtained at a point 12 in. imto the
heated section of a bundle with a blockage 3 in. up-
stream from the start of the heated length are iden-
tical with those obtained from an unblocked bundle.

(2) Four different types of behavior are observed
near the breakfrequency.

(a) Gains at all flow rates were different at low
frequencies, but converged at higher frequencies.
This behavior is observed for at least some of the
heater-thermocouple pairs in all blocked and unblo-
cked bundle tests.

(b) Gains at all flow rates were different at low
frequencies, and gain vs frequency curves cross at
higher frequencies. Curves that start at the lower
frequencies with the lowest gain values reach valu-
es at the high frequencies that are as much as 20«
higher than gains for other flows. This occurs ma-
inly with unblocked and entrance blockage bundles.

(c¢) Gain curves cross as described in the prece-
ding paragraph (b), but the crossing is much more
pronounced. Curves that start at the lower frequen-~
cies with the lowest gain values reach values at the
higher frequencies that are three times as large as
gains at other flows. This occurs only for bundles
with centrally located blockages in the heated sec-
tion.

(d) Gains start at different values and never
converge. This occurs only for bundles with edge
blockages in the heated section.

Although these results were obtained for seve-
ral heater-thermocouple combinations, many poten-
tial comparisons could not be made because sensors
were not available in desired locations. These re-
sults indicate that this type of measurement is sen
sitive to changing heat transfer effects in diffe-
rent bundle configurations.

The data presented here provide an initial data
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base for any correlations of theory and experiment

that will be needed should an analytical capability
be developed for predicting the detailed performan-
ce of wire-wrapped bundles with internal blockages.

DISCUSSION

L.G. KEI'ENY : Have you carried out any single pin
experiments prior to looking at a cluster ? Is the
re any correlation between single pin and pin clu-
ster experiments ?

What is the effect of axial eccentricities of
individual pins on the heat transfer in the clu~
ster ? Did you calibrate your test section by ma-
king flow and temperature measurements prior to
placing the cluster into positien ?

D.N. FRY : We have performed no single pin experi-
ments; all dynamic heat transfer and temperature
noise work in the FFM has been utilized in 19-pin
bundlee,

If by ‘'axial eccentricities' you are referring
to pin bowing , the answer to your question is that
we have not investigated this phenomenon and its ef
fects on heat transfer in any detail. It is our opi
nion that eccentricities of individual pins will
not noticeably affect the total bundle heat trans-
fer. There may be a small local effect but the very
high coefficient of heat transfer between the stain
less steel cladding and sodium is expected to mini-
mize the overall effect.

There were no calibrations made before the test
bundle was installed, nor do we see the need for
any. Isothermal runs were performed, however, befo
re each test to calibrate the thermocouples. ‘Heat
balances between electrical power input to the clu
ster and flow- At measurements were calculated for
each test.

M. EDELMANN : (1) You conclude that faster thermo-
couples than those you were using are needed to de
tect blockages from temperature fluctuations. Are
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there some indications that at higher frequencies
the magnitude of the temperature fluctuations will
be larger than below 1 Hz where you have measured
them ? (2) In any case the magnitude of the tempe-
rature fluctuations due to the blockage seems to
be small compared to that of the fluctuations pre-
sent at normal operating conditions. Is there a ch-
ance to detect blockages in spite of this backgrou-
nd problem ?

D.N. FRY : (1) Ve have no reason to believe that
the magnitude of the temperature fluctuations will
be larger at frequencies above 1 Hz. However, if
one is measuring the magnitude of root-mean-square
noise the statistical uncertainty will be smaller
for a given measurement duration if the noise band-
width is larger. Fast response thermocouples would
also allow the investigation of the total tempera~
ture noise spectrum caused by blockages, and there-
by a better understanding of the mechanisms that ca
use temperature fluctuations and the manner in whi-
ch the noise spectrum changes as a function of 4di-
stance from the blockage.

(2) This is the question we are attempting to ans-
wer with our investigations, but we don't have the
answer yet. The blockages studied thus far have be
en of the thin plate type. It is possible that lon
gitudinal blockages ( due to pin bowing or swelling
may produce more noise than the blockages studied
thus far.

H. BUNSCHI : (1) Are there forseen experiments whe-
re you vary the distance between the blockage and
the detector ? Because, if the named distance gets
small, the contribution of the high frequencies can
not be neglected anymore,i.e. a fast thermocouple
is important. (2) What was the lower break frequen
cy of your band pass ?

D.N. FRY : (1) Yes, I plan to propose either a mo-
veable thermocouple rake or an axial string of fi-
xed thermocouples for future experiments. (2) The
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low frequency cutoff was approximately 0.02 Hz in
these measurements.

D. SCHYALI! : (1) Did you use also the histogram in
order to detect blockages ? (2) As you asked for
suggestion I would iike to give you one : you want
to detect a blockage in subassembly with the aid of
only one detector. In your experiment the detectors
were installed just at the end of a subchannel. Hen
ce such a detector cannot 'see' what is going on in
the neighbouring channels. Hence my suggestion would
be tc look for a detector position downstream the co
olant flow at a certain distance from the bundle ex-
it where it 'sees' the total subassembly cross sec-
tion. v

D.li. FRY : (1) Yes. Our observation was that the am-
plitude probability density function of temperature
fluctuetions was not always Gaussian. (2) We hope
to have detectors at different locations downstream
of the bundle exit in future experiments.

V. SEIFRITZ : You asked for thermocouples with a fa
st response ; I call your attention to the paper of
Dr Bunschi and myself in which a prompt response th-
ermocouple ( for temperature fluctuations measureme-
nts in sodium coolant ) will be presented. It is not
strange to observe a probability density distributi-
on of temperature fluctuations which is not Gaussian,
The skewness of such distributions are often used in
turbulance research to extract useful and additional
information.

D.N. FRY : I am looking forward to hearing your pa-
per. Ve hope to shorten the response times of the
thermocouples employed in future FFM experiments.
Ve share yuor opinion that the probability density
distribution can provide additional information a-
bout the character of the temparature fluctuations
caused by blockages.
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L.G. KEMENY : What background effects do you have
due to vibration ?

D.N. FRY : We aren't aware of any temperature noi-
se that is due to vibration.

G. KOSALY : In your presentation you mentioned the
contribution of the conduction to the axial heat
transport. People usually neglect this contributi-
on at these high velocities thinking that it is the
convection that dominates. Have you found any indi-
cation showing that this is not the case ?

D.N. FRY : No. My statement was, in conclusion, that
it might conceivably be possible to separate convec-
tion and conduction effects by measuring the dynamic
heat transfer. Ve have not attempted this for two re
asons: (1) we lack a good dynamic model of heat tra.n
sfer in multi-pin geometry, and (2) owing to a combi
nation of slow heater and thermocouple response times,
the transfer functions could be obtained experimemtal
1y only up to a frequancy of about 1 Hz ( which is
probably too low to separate convection and conducti-
on effects at the flow velocities used) .

K.J. SERDULA : In determining your response functions
between thermocouples, you would require that the tra
nsfer function of the thermocouples are the same. Was
this checked out ?

D.N. FRY : Yes. Although the thermocouples were of
the same manmufacture, they could not be expected to
have identical time responses. We did not have a re-
liable method to measure the in situ response charac
terigtics of installed thermocouples. Therefore, all
of our data interpretations were based on single: ther
mocouples at different flow rates or, when comparmg
measurements between thermocouples, we restricted our
attention to frequencies well below the breakfrequen-
cy of either thermocouple.
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(21) Interval distribution measurement of chain-re
lated nuclear processes using two detectors -~
P.A. HALDY and M., CHIKOUCHE
( presented by J.P. Schneeberger )

On the basis of the Kolmogorov's theory of bran
ching stochastic processes a probability generating
function of neutron counts in four time intervals
was developed. This generating function leads to
the distribution of time intervals separating cou-
nts collected by a trigger detector from those col
lected by a second one.

Experiments were performed in the CROCUS U-Hy0
zero power thermal reactor at the Swiss Federal In
stitute of Technology in Lausanne, using a BF-3 co
unter as trigger of a multichannel analyser and a
He-3 detector for the intervals determination. From
these measurements the neutron generation time as
well as the detector eff:.clencles were determined
with good accuracy.
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122) The impact of twenty years of noise research
on miclear power plant design, instrumentati-
on and control -

L.G. KEMENY

Some 20 years have elapsed since the first tech
nical papers began to appear in a general field
which can be loosely described as the statistical
nature of the muclear fission reaction and its in-
fluence on the criticality and dynamics of muclear
- power systems. A few years subsequently, the first
. zero energy ‘'neutron noise' measurements were repor
ted in the scientific literature. These investiga-
tions clearly demonstrated that the time constants
and the dynamic characteristics of low energy nuc-
lear systems could be elegantly determined by the
correlation or spectral analysis of fluctuating si-
gnals from ion chambers and proport:.onal counters.
‘The analysis of the time series information and the
milti-filtering operations in the frequency domain -
were time consuming and tedious projects due to the
non-availability of suitable data processmg equip-
ment.

In the 1960's, the significant advances in the
field were the recognition of the advantages. of the
two-channel cross-correlation technique and the re-
alization that the dynamic behaviour of the nuclear
power plant at power could be monitored and studi-
ed in depth by the cross-correlation method of. mechs
nical, thermal and hydrodynamic signals with neutr_o_
‘nic information. The former concept gave the spur
to the development of theoretical models for spati-
al and energy dependent noise fields within a nucle
"ar system, The latter technology, in principle at
any rate, opened a floodgate of potential advances
in nuclear power plant design optimization, control
and safety instrumentation, and control and safety
diagnostic systems.

'The present decade has seen the interaction of
workers in ‘the reactor noise field with workers in- -
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vestigating general vibrational phenomena and the
structural mechanics of nuclear power plant. Despi
te this, it is sobering to reflect in retrospect
that neither design, nor instrumentation and con-
trol concepts arising from noise research, have fo
und any great measure of practical acceptance in
current nuclear technology.

This paper explores the reasons for this unsati
sfactory situation, surveys the few available prac
tical examples of accepted noise technology, and
makes some definitive proposals with regard to the
future implementation of nuclear power plant degign
y instrumentation, and control procedures, based on
the concept of stochastic models and noise analysis.

DISCUSSION

- H. KATAOKA : In the nuclear science and engineering
field, often technical terms are confused and the
conception of them is also confused. Today you men-
tioned a power reactor and I would like to know how
do you mean by your power reactor. The technical

" term ‘power reactor' is used for different meaning
depending on each case, as follows, : (1) reactor
which is used for power production, (2) reactor in
which feedback effect is influential, (3) reactor
which can be operated at high power, (4) reactor
which is operated nearly at full power ,(5) etc.

L.G. KE'ENY : In context of my review paper, the
"$erm 'power reactor' implies a nuclear chain reac-
tor system which has been desigmed for power produ’
ction. From a purely physical point of view it wou-
14 not be incorrect to class reactors with signifi-
‘cant temperature feedback effects as power reactors.

H. KATAOKA : You analyzed the transfer function of
HIFAR. In order to apply transfer function techni-
- ques we must assume the system is strictly linear.
On the first day Dr Nomura introduced Dr Gotoh's
paper and in this paper Dr Gotoh showed so called
non-linear characteristics of reactor kinetics.
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What do you think about non-linear kinetics of HI-
FAR ? And the other reactors ¢

L.G. KEIENY : The theme for our meeting here in Ro
me is reactor noise. One of the main attractions

of the noise signal from nuclear plant is that it
is closely associated with linear or self-lineari
zing systems. In other words, in most of our sto-
chastic models for reactor noise we do expect the
cross product of neutron density with reactivity
to significantly influence the physical characteri
stics of the relevant noise fields in a non-linear
sense. The non-linear characteristics of reactor ki
netice are important when we-are congidering large
reactivity excursions leading to sighificant power
surges. These are vital considerations when we simu
late start-up, shut-dovm and accident conditions,
such as loss of coolant in power reactor studies.
Tt is of lesser importance in an 11 IV research re
actor such as HIFAR.

D.N. FRY : (1) What sensor was used to detect the
10 Hz vibrations of control rods ? (2) Vas the 5.2
Hz frequency also due to control rod vibration ?
(3) How did you eliminate the vibration of the con
trol rods ? (4) Did you cross-correlate the thermo
couples you placed on the fuel elements with neu-
tron signals ?

L.G. KEIENY : (1) We used sensitive RC6EB enriched
boron ion chambers and the two channel cross-corre
lation technique. (2) The 5.2 Hz frequency is also
a control arm vibrational effect but seems to disap
pear more easily than the 10 Hz resonance as the co
ntrol arm angle changes or the number of D,0 pumps
in operation is varied. (3) We have a simple mathe-
matical model for the control arm vibration and, in
principle, can eliminate the vibration in a simula-
tion on a computer. However, it has not so far been
considered an important enough engineering task to
design and build hardware for on-line vibration con
trol. (4) So far there has been no cross-correlation
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of neutronic and temperature signals. Our work on
fuel element identification has recently commenced
and the investigation of thermal and neutronic in-
teraction and its potential application to safety
diagnostics will be one of our first tasks.
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(23) Fundamentals of theoretical analysis of power
reactor noise and their applications -
K. SAITO

The present paper consists of two parts : part 1
describes the basic concepts and the fundamental phy
sical-mathematical methods which have been and the
present author believes will be used in the due cour
se of theoretical analysis of power reactor noise ;
whilst part 2 is concermed with the results of the
practical application of the above concepts and me-
thods.

Part 1 - Zero-power reactor noise is now basical
1y 80 understood that the phenomena stand as a field
of branching processes in the theory of stochastic
processes. The concepts and the methods developed
bring about novel consequences in the conventional
theory of branching processes as well as furnish a
sound basis for constructing power reactor noise
theory.

Power reactor noise can be, however, more expli-
citly understood, when one regards that it covers
a field of the non-equilibrium classical statisti-
cal physics. Purthermore, in order to attain our
ain of applying the noise analysis method to reac-
tor diagnosis, we cannt avoid confronting with the
non-stationary noise phenomena. No complete or ge-
neral theory of the non-equilibrium, non-~stationa-
ry statistical physics is developed. Rather, we are
contributing to building up, at least, the non-quan
tum aspects of the grand theory.

The familiar Langevin's method, which is based
on the linear response theory of the first-order
Markoffian processes, has been successfully applied
also to analyze the power reactor noise.

Power reactors have, however, the retarded or
feedback effects in their nature. When one tries to
explicitely incorporate the effects, then one must
treat the non-Markoffian processes. An applicable
method of their treatment is the recently developed
Langevin's method which centers upon the fluctuati-
on dissipation theorem.
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Sometimes we encounter the problem of random pa-
rametric excitation in formulating our noise pheno-
mena, particularly in solving the random vibrations
of fuel/control elements and the random transporta-
tion of bubbles in fluid. Then we have a set of non-
-linear stochastic equations which requires a fair-
1y sophisicated mathematical consideration to have
a reasongble solution.

When a miclear reactor happens to be subjected
under an abnormal state, then it gives rise to a
non-stationary noise at the onset. The basic theo~-
retical formalism is still lacking, because the non
-stationarity is often defying the ergodicity.

Part 2 - Most of the actual theoretical analysis
on power reactor noise have been performed in the
frameworic of the linear response theory of Markof-
fian processes. The results obtained are fruitful
in spite of the fact that the actually used analy-
tical models are too simple to completely describe
the power reactor noise phencmena which are the co-
upled ones of neutronics, thermo-hydrodynamics as
well as mechanics.

Analysis upon the lumped model of reactor dyna-
mics succeeds in explaining fairly well the often
observed anomalous rise in the lower frequency re-
gion of the power spectral density ( PSD ) of power
noise.

Numerical analysis upon the distributed model gi
ves, on the other hand, quitely peculiar pattern of
PSD's, which will be observed when a prevailing noi-
gse source exists in a particular state variable of
cores at a particular position of the fuel/coolant
channel. Tts analytical model is still too gimple,
but the obtained reslts stand the promiging starting
-point to apply the noise analysis to reactor diagno-
gis.

Numerous sheets of figures collected at the la-
boratory of the present author will endorse the above
gtatements.
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DISCUSSION

G. KOSALY : I do not understand your Fig.14. The
presence of the dip-lump structure reflects a tran-
sport behavior by flowing coolant. On the other hand"
the water being incompressible the fluctuations of
pressure are not transported with coolant veloclty
but much faster.

K. SAITO : The direct fast effect of pressure fluc-
tuations will appear in the much higher frequency
range, probably in the KHz region. The dip-lump st-
ructure in the liz region reflects an indirect slow

- effect which is propagated via coolant veloclty/ﬂen
sity - coo¢ant/fuel temperature - reactivity.

92




(24) Theoretical considerations and their applica
tions to experimental data in the determina-
tion of reactor internals' motion from sto-
chastic signals -

J.A. THIE

It is intended to show here that a variety of
mechanical-motion induced neutron noise data can be
understood in terms of a simplified noise source mo
del using lumped mass m and equivalent forces Fi :

" A ) R
X + 2pwoX ¥ wix = -7111— E::Fi(t) (1)

where the resonance w, = 2~ f, has damping » .

For PR core barrel motion, x is an effective
water thickness between the barrel and ex-vessel
jon chambers. N statistically independent zgnei of
pressure fluctuations times area lead to (NF1)? as
the root-mean-square excitation amplitude.

I‘ethods of chamber current i noise calibration,
essentially depending only on water density ( 1i-
nearly ) are :

(a) theretical calculations of neutron transmis
sion ( ex. 4 1n i/dx = .0003 mils~! for Tri
no ) ;

(b) deduction from measured effects of water den
sity on chamber current ( ex. d 1n i/dx =
.00038 mils~! for Palisades ) ;

(¢) intercalibration with many other methods.

A measured w, may be used to monitor the extent
of barrel clamping at the vessel flange. Solutions
of Eq. (1).can related upclamped and clamped measu
rements : for a typical x spectral density clamped

motion should be reduced in amplitude by about 1/150-

-\/ compared to unclamped.

If amplitude-dependent 'mechanical stops' intro-
duce non-linearities into Eq.(1), gaussian F; may
convert to a non-gaussian x - as is shown by an am
plitude probability density (APD) analysis of un-
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clamped Palisades data. Higher moments, x3and x4,

become unique descriptors of the motion. Effective
standard deviations & from probability-paper plots
are useful in following gradual wear-induced chan-
&es in the gausaian-ta:.led APD : for large amplitu
des only, 7 increases from 0.87 to 1.8 of average
reactor power over a 5 month interval while, for s~
mall amplitudes only, ¢ remains constant at about

0.5%.

p and wy may be obtained from either amplitude
or- cross-spectral phase @ data. Using unclamped Pa
lisades phase data between in-core ( representing
x ) and ex-vessel ( representing F ) neutron detec
tors and the equations

de/d 1nw]u=“° =1/»

®H

yields r= 0,38 at a f, = 1.6 Hz fuel resonance.
The p can be interpreted as a combination of re-
resonances damping and multi-resonances spacing.
Using these values in Eq. (1) along with an ex-
" vessel ion chamber measured F/m permits one to
calculate the core intermals motion relative to
the barrel.

Statistical addition of coherent and incoherent
fuel motion times local reactivity coefficient dp/dx
gives the reactivity for affecting a region 's flux,

Any flux-gradient-motion noise my be estimated
by

a2e/ d(1n~)i= =0

\/ due to flux gradient effect d Ine/ax
\l \i2 due to reactivity effect ¢ dp/ax
where G is the local reactor transfer function.

It is concluded that reactor noise data caused
by mechanical motion can be conveniently understood
within the framework of Eq. (1) .
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Further research, especially on spatial flux effects,
can be fruitful.

DISCUSSION

5.5, FRY : Do you see any way that we can separate
Tuel element vibrations from neutron detector vibra
vioms in our power reactor neutron noise measuremen
ts ?

J.A. THIZ : This is a significant question and deser
vang of creative thought from the researchers at this
meeting. One notes that the relative motion of fuel
and detector is involved. Being a composite of the
motions of each, theoretical calculations of reson-
ant frequencies or experimental determinations in mo
clairs might identify with sufficient confidence si-
:aliar frequencies observed in neutron noise measu-. -
rements. Another, though more difficult, possibility
is to use special motion sensors during startup/com
missioning tests to investigate these separate moti
ons in nore detail.

. SEIFRITZ : The following suggestion is made to di
st:.ngulsh Yetween the effects of the in-core detec-
tor, on one side and e.g. of an oscillating fuel rod.
One should position the in-core detector in the node
of the oscillating pattern of the fuel element where
the vibration amplitude is zero. One way to find out
such nodes is firstly perform an axial traverse of
the neutronic noise behaviour and to look into & pos
sible periodicity of the effective noise amplitude.

D, ACH : I want to add to this point that it is not
possible to separate noise sources generated by me-
chanical vibrations only by considering of the reso
nance pealis of the eigenfrequencies as the forced vi
brations rostly are much bigger in amplitude than
the amnlitudes of the system eigenfrequencies. The
exciting Cforces of these vibrations, e.g. the turbo-
lences of the coolant, are unknown in general and
therefore the noise source separation is not possi-
ble in this way without further knowledge.
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L.G. KEMENY : Do you regard the monitoring of the
motion of reactor internals to be so important as
to justify the installation of permanent on-line
hardware to be s0ld with each power plant specifi-
cally for this purpose ? Or should these measure-
ments be carried out only when some malfunction is
suspected ?

J.A. THIE : Rather than trying to give a general an
swer or opinion here, I would prefer to say that this
question deserves a separate answer for each reactor
type and for the 'climate' ( meaning primarily non-
technical policy factors ) within it exists. Thus
when a recent history of internals' problems exists
for a particular reactor type, it would be wise for
a subsequent similiar reactors to consider monitoring
for this problem. On the other hand special monito-
ring hardware for components yet to show a history
of problems is a luxury only the ultraconservative
are likely to suggest.
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(25) Some considerations on neutron instrumentation
requirements for malfunction diagnosis in power
reactors using noise analysis techniques -

1. EDELMANN ’

Noise analysis at power reactors has two major ob
jectives : first, to investigate the capabilities of
this technique to extract dynamic information on the
reactor from the various fluctuating signals availa-
ble during normal operating conditions ; and second,
to develop a diagnostic tool for malfunction detec-
tion indicating developing failures at an early sta-
ge in order to reduce shut-down times and costs for
repairs, and to increase safety and availability of
the nuclear power plant.

Most of the work in this field reported in the 1i
terature is of more or less empirical nature. The mé
asured power spectra are complex and only partly un
derstood. Only in some cases have the reactivity dri
ving forces for reactor power noise been identified
qualitatively. On the other hand, for anomaly or mal
function detection by neutron noise analysis one ne-
eds precise information on the reactivity effect of
local faults such as excessive fuel or control rod
vibrations, partial blockage of cooling channels or
boiling of the coolant in a sub-assembly, as well as
quantitative relations between a given reactivity per
turbation at a certain position in a large power re-~
actor and the neutron flux fluctuations at the posi-
tion of a neutron detector.

In the past, noise measurements at power reactors
have been made with the standard neutron instrumen-
tation for reactor control. Such instrumentation is
usually not designed for noise analysis measurements.
This paper deals with the specifications of neutron
instrumentation, i.e. number, position and sensiti-
vity of neutron detectors necessary for detecting
spefic local reactivity perturbations from changes
in the power spectral density of the neutron detec~

tor signals.
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This work is part of the investigations on the
use of noise analysis techniques for detecting boi
ling of the coolant in an IMFBR. Boiling of the so
dium in an IMFPBR fuel element has been extensively
investigated because of its safety implications.
The fault conditions in this case are well-known
and its reactivity effect could be calculated for
different positions of the boiling fuel element.
The vower spectrum of the resulting neutron flux
fluctuations has been deduced from a numerical cal
culation of the space-dependent reactor transfer
function for different positions of a neutron dete
ctor inside and outside the core of SNR 300. For
this reactor it has been shown that the out-of-core
neuwtron chambers of the normal reactor instrumenta-
tion will be sufficient for the detection of gross -
boiling in a fuel element. This is an important re-
sult because no in-core neutron detectors can be u-
sed in this reactor.

DIZCUSSION

D. D% LAPPARENT : Up to now, we have not looked at
frequencies higher than, say, 20 Hz. Vhat sort of a
nomaly do you think of between 20 Hz and the break
frequency which is about 10 KHz in fast reactors ?

77. EDELIANN: We defindtely do not expect high freque
ncy reactivity noise at power reactors. The reason
why we calculated the space-dependent transfer fun-
ctions of SNR up to frequencies beyond the breakfre-
quency is that we were also interested in the gene_
ral aspects of space-dependent dynamics of fast reag¢
tors and the extension to higher frequencies was pos
sible without significant extra expense.

R. CERVELLATI : Have you in program to check experi-
mentally some of thc results which you have shown ?
If so, which detectors would be used ?

1", EDECIMANN : The main purpose of this work was to
£ind out whether one would need in-core neutron de-
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tectors for malfunction diagnosis in fast reactors
using noise analysis techniques. The answer is no,
sufficiently large detectors outside of the reactor
core are equivalent to in-core detectors with resve-
ct to detecting local reactivity perturbations. This
theoretical result will be checked by measurements

at the KNK-II reactor using miniaturefission chambers
in the core and B-10 ionisation chambers outside of
it. Measurements of power spectra with these detec-
tors have already been performed at KNK-I which had

a thermal core in contrast t0 KNK-II which will have
a fast core. The results from the thermal core con-
firm the predicted equivalence of in-core and out-
of-core detectors. There is reason enough then to thi
nk that this might also be true for the fast core of
KNK,

G. KOSALY : One of your conclusions was that for small
distances between detector and disturbance more than
one break frequency exists. That might be true but I
do not see thig second break frequency on your figu-
res.

E. EDELMANN : This might be a rather speculative con
clusion to draw from the step-shaped form of the tran
sfer functions. Actually only a decrease in the slope
of the decaying part of the curves is observed in the
considered frequency range. This behaviour can be in-
terpreted as the sum of two 'one break frequency cur-
ves' with different amplitudes and break frequencies.
But I agree with you that it has to be shown that at
still higher frequencies the roll-of slope increases
again.

W. SETFRITZ : (1) Do you expect to obtain at least
the same shape of the reactivity transfer function
as you did In case of the source transfer function ?
(2) Why did not include the case of He-3 detectors
into your model since such detectors show the best
detector efficiencies in fast reactors and are there
fore of primary interest ?
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M. EDELMANN : It is a basic assumption of the paper
that the relationship between the space-dependenmt so
‘urce and reactivity transfer functions defined in Eq.
(10) and (7), respectively are essentially the same
as for the point reactor model. And within the scope
of this paper it seems to be a reasonable assumption,
too. The answer to your second question is twofold.
First, He-3 detectors have not be considered for the
simple reason that He-~3 cross sections are not inelu
ded in the group constants sets available for these
calculations. Secondly, it is correct that these dete
ctors have the highest sensitivity per unit of dete¢
tor volume. However, since it has been shown that for -
noise analysis in fast reactors there is no need for
in-core detectors space for sufficiently sensitive
detectors is no problem. Furthermore, the sensitivi-
ty of a neutron detector might be limited by the ma-
ximum permissable dc component of the signal.
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(26) A stochastic study of noise in boiling reactors
M. MATTHEY
( presented by J.P. SCHNEEBERGER )

The neutron population, the population of delay-
ed neutron precursors, the fuel temperature and the
steam content of coolant are random variables consi
dered to describe the behaviour of a boiling reactor.
The neutron and the temperature power spectral densi
ty are calculated starting from Kolmogorov equations
and using the Fokker-Plank and Langevin approximatio
ns. First parametric study of the model suggests that
experimental information about the boiling characte-
ristics could be obtained from the analysis of the
shape of the power spectral density. Experiments are
now in progress in order to check the validity of the
model.

DISCUSSION

J.A. THIE : Historically, early BWRs with small fuel
time constants have shown strongly resonant spectra.
Present-day BVRs with longer fuel time constants do
not have these strng resonances. Hence what was the
value of the fuel time constant used in your work ?

J.P. SCHNEEBERGER : The time congtant r of the heat
transfer in the fuel element is defined by :

S I =1 - Cu
T = = = “um"‘“uv with '{‘m— aum— 'YSe

where :
Cuy 1is the total heat capacity of the fuel
Se 1s the total area for heat exchange
vy is the natural convection coefficient

The values used for these coefficients are :
Cy = 5.10% J/°K ; Sq ¥ 32 m2 ; v= 252 W/m2,°K .

These values give 7y, = 6.2s.
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After discussions with thermodynamicists, we use
an estimate value for e, = 0.6 8™ .
1
So we have = ——— ¥ 1.3 8
0.16 + 0.6
and this value was used as a first approximation
in the calculations.

K. SAITO : How did you choose the value of heat ca
pacity in your calculation on the basis of the lum
ped model ? I am wondering how to choose the value
for the use for calculation on a lumped model. As

shown in Fig.4 and 5 of my paper, patterns of PSD

depends much or less upon the value of the heal ca
pacity.

J.P. SCHNEEBERGER : The value of the heat capacity
of the whole core used in this work is

Mu. Cu = 4-9 . 104 J/OK

(and not 4.9 . 10? J/kg as indicated erroneously in
the paper). This value was calculated at 30°C, kno-
wing the exact number and composition of fuel ele-

ments in the core. Tais value does not vary too mu-
ch between 30 and 100°C, and was used in a first ap-
proximation. Let us note that it is quite similar

to that used in the Fig.5 of your paper (50 kW s/°C).

D, WACH : In your model concerning the composition
of neutron noise spectra you did not consider any
contributions to the neutron noise signal resulting
from the movement of the bubbles ?

J.P. SCHNEEBERGER : The stochastic variables consi-
dered in this point model of a boiling reactor are
the total number of neutrons, the total number of
delayed neutron precursors, the fuel temperature and
the number of bubbles in the coolant. So we comple-
tely neglect the effects of pressure, of movements
of bubbles and of inlet coolant veloeity ( or tem-
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perature ) fluctuations. All these effects give cer-
tainly a contribution to the composition of the neu
tron noise signul, but they are supposed smaller th-
an these resulting from boiling and are neglected

in a first step. It would always be possible ( but
not simple ) to include any of these contributions
in the model if comparison between theoretical and
experimental results asks for it.

T. NOMURA : Do you neglect the pressure effect ?
Spectral pattern of tipical noise of BWR is similar
to your calculational results. I hope that you ex-
tend your theory to BWR noise analysis and compare
the calculational results with experimental results.

J.P. SCHIIEEBERGER : For these questions please re-
fer to the answers I gave Dr Wach.
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(27) The estimation of vibrations of reactor inter
nals by noise analysis of non-nuclear parame
ters - -
W, BASTL and V. BAUERNFEIND

With the application of noise analysis to nuclear
power reactors more and more interest arose for inve
stigating non-nuclear parameters. This trend was ori
ginating partly from the dynamic process one was fa-
ced with and partly from certain problems in the con
text with reactor internals vibrations. As to the lat
ter problem noise analysis and correlation technlques
proved to be a useful tool because for the greater
part one has to apply indirect methods in order to
measure the vibration behaviour of the internal struc
ture parts. The aim of these measurements and analy-
ses is twofold :

- The firding of methods which facilitate periodic
testing during the shutdown of the plant

- The developing of techniques which enable on-line
surveillance of mechanic structure parts.

In course of the last year considerable progress
was made at our institute with this kind of investi
gations. Ve proceeded as follows :

- Extensive participation of the pre-operational
tests of nuclear power plants

— Off-line analysis of the recorded data by means
of digital codes

- Establishing of models describing the plant dyna
mics and the vibration behaviour of structure par
ts

- Checking the model results against measurements
taken in the pre-operational test-phase

- Extensive on-line measurements

During the pre-operational phase the vibration
signals taken by sensors inside the vessel, which
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cannot remain during power operation, were correla
ted with signals of outside sensors. In this way we
got the comnection between the interesting vibrati-
ons of various incore-components and the signals of
detectors, which are available during reactor opera
tion.

As useful detectors of that kind we found the
pressure sensors at the inlet and outlet nozzle of
the vessel and displacement gauges mounted to the
vessel 1id. The measurement results of the pre-opée
rational tests were extrapolated to the conditions
at full power and showed good agreement with the
spectra received in that operation mode.

Investigation of the phase shifts between the va
rious vibration signals permitted the separation of
vertical and horizontal movements. Hence the vibra-
tion behaviour of the vessel and its structure parts
was described by two models, one for the pendular
movement of the pressure vessel/core barrel and one
for the vertical movement of the main mechanical
parts. Pump shut-down tests proved to be a powerful
method to measure eigen-frequencies of the system.
They were used to check the theoretical results.

By means of pressure measurements at several po-
sitions it was possible to evaluate the nature of
exciting forces and their intensity. The analysis of
phase relations between pressure signals measured at
gseveral positions and between pressure- and vibrati-
on signals was used to locate some dominant noise s0
urces.

DISCUSSION

H. BUNSCHI : In your transfer function inlet pressu
re-pressure vessel movement you could explain almo-
gt all peaks. But one very high peak lies near 95
Hz. Can you explain it ?

W. BASTL : Por the interpretation of the measured
peaks a 4-mass model representing the 4-lowest ei
genfrequencies of the system was used ( highest

frequency f4 = 52 Hz ) . Using more degrees of fre
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edom we would certainly revea.l the higher peak-fre
quencies too. More recent investigations showed
that most probably the 98 Hz peak is due to the vi
bration of the sensor support.

J.A. THIE : Can you comment on the status of expe-
rimental and theoretical knowledge of the spatial
correlation of the local-pressure force excitation
function ? Do you think additional measurements,
such as with moveable pressure sensors in the annu
lus between barrel and vessel, would assist in a
priori calculation of the total force from pressu-
res everywhere ?

W. BASTL : Within the frequency range of the eigen
frequencies of the investigated structure we assu-
med a white excitation force. This assumption was
based upon the shape of the PSD as calculated from
the one available pressure signal in the annulus.
Further on the good agreement between the calcula-
ted and the measured transfer functions ( FiG. 7 &

8 ) support this assumptlon. Due experimental in-
vestigations reported in the literature the highest
power spectral densities of the jet noise are to be
expected within a frequency range which is lower
than the eigenfrequencies of our structure. Additio
nal measurements by means of a moveable pressure sen
sor would be certainly very helpful. However, due to
our experience, it would be rather difficult to rea
lize those measurements on site. The difficulties
to transfer model measurements to the actual hydro-
dynamic situation are well kmown.

V. SEIFRITZ : In your 2-mass vibration model you
have to assume some parameters like spring constan
ts and damping constants. Where did you get the nu
merical values of these quantities or d4id you £it
the experimental data to the theoretical model ?

W. BASTL : The spring and damping constants were
supplied by the constructor (XKWU), who applied the
se figures to the design of the structure and who
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verified them during pre-operational measurements
( excitation of the structure parts by unbalanced
masses or by impact ).

J,H., DIO : The calculation of eigenfrequencies and
so on are done in the theoretical group for the dy-
namic behaviour of pressure vessel and reactor in-
ternals of the KWU-Erlangen. The calculated values,
eigenfrequencies and damping ratios, will then be
confirmed by measurements at the manufacturers of
the internals and measurements on site. Therefore
the input data for the LRA-model were available and
were given to the LRA.
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(28) Canadian experience in the area of reactor
noise -
K.J. SERDULA

Some Canadian experience in the application of
reactor noise measurement techniques to the develo
pment of the CANadian Deuterium Uranium (CANDU) pr
essure tube reactor system is presented. Primary
objectives in the application of such measurements
to CANDU power reactors are :

- to provide information to assist in commiasio
ning the nuclear power station H

- Yo indicate potential problem areas and provide
information to eliminate these problems or redu
ce their potential consequences ;

~ to provide information to operations staff in
establishing routine operating procedures and in
applying noise measurement techniques ;

- to provide information to designers for the fur-
ther development of the CANDU reactor concept.

Extentension of measurement programs from the la
boratories to power stations requires an evolution
in experimental philosophy. Requirements of a suc-
cessful program at a nuclear power station are out—
lined.

Development of the reactor noise program, from
initial work in a gzero-power reactor and loops (bo-
th in-and out-of reactor) to successful application
in the CANDU boiling light water (BIW) coolant rea¢
tor, Genmtilly-1, is outlined. During the program gr
owth, measurements of noise in typical muclear para
meter signals have been obtained for :

- excitation of the system parameters by the in-
herent disturbances ;

- excitation of selected system parameters by
pseudorandom sequences.
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Some results from initial work, using the excita
tion provided by inherent dlsturbances, are summarl
zed. These results indicated the potential of appli
cation of reactor noise techniques to the Canadian
CANDU power reactor program.

The CANDU-BLW reactor, Gentilly-1, with boiling
coolant in the channels and a positive void feedback
provided an ideal opporbunity for assessment of the
use of reactor noise techniques in power reactor sy
stems. Consequently programs using both : (1) inhe-~
rent and (2) imposed excitation were carried out:
Results from both programs are presented and their
significance in satisfying program objectives is di
scussed.

Puture plans for the role of noise analysis in
the Canadian CANDU reactor program are outlined.

DISCUSSION

H. KATAOKA : I heard your experiments were carried

out under actlve pressure-control system and I wo

ould like to kmow about the condition of the neut-
ron power control system during your experiment.

X.J. SERDULA : During the measurements at power,
both the neutron bulk power and the thermal spatial
power control systems were in operation. Therefore,
the action of these control systems was to reduce
the amplitude of the perturbation applied to the
control absorbers as compared to the amplitude of
the initiating disturbance. However, with the con-
trol system in operation, we were able to determi-
ne the response of both the controlled and uncont-
rolled reactor by 51mp1y obtaining data from diffe
rent points in the system.

H. KATAOKA : Because a heavy water moderated boili-
ng water cooled power reactor like Gentilly-1 is

now under construction in Japan, we Japanese scien
tists have much attention to your study. You appli
ed reactor diagnosing techniques using not only no
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ise due to inherent excitation but also to imposed
excitation. Usually in the world it is not so easy
to impose additional excitation on nuclear power
plants even for the test, for the reason of social
matters. What do you th1nk about this matter ?

K.J. SERDULA : I agree that in general it can be
difficult to obtain permission to impose additio-
nal excitation on nuclear system parameters for mea
suring the response of the system. I think the main
concern here is of the measurements initiating a Tre
actor shutdown. This concern can be reduced consi-—
derably and the probability of the measurements ini
tiating a shutdown reduced to nearly zero if the
station staff are informed of and take an active ro
le in the measurement program. The major factor is .
balancing the benefits to be obtained against the
probability of initiating a reactor shutdown. Since
Gentilly-1 was the CANDU-BLY prototype, no operating
experience or information was available to verify at
power predictions and therefore a program to supply
information in this area was accepted.

D.N. FRY : Are you currently developing continuous
noise monitors ( neutron and other signal ) for on-
line diagnosis of reactor problems in CANDU systems?

K.J. SERDULA : At present, we do not have any defi-
nite program in this area. However, we are looking
into areas where the application of noise analysis
techniques could assist station staff in obtaining
improved station performance.

J.T. WIHALCZO : (1) What general procedure did you
use to identify the source  of the 1 Hz resonance ?
(2) Do you think that these techniques will eventual
ly be used to shat down the reactor ?

K.J. SERDULA : In response to your first question,
we use the following general procedure t9 identify
the source of the 1 Hz resonance :

(1) Comparison of time vs. amplitude traces, r.m.s.
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values and peak-to-peak values from pressure, flow
and neutron sensors located in different positions
of the system ;

(2) Comparison of amplitudes at 1 Hz as given from
power spectral density analysis of the signals ;

(3) Comparison of response functions ( amplitude &
phase ) between different pairs of sensors : here
the phase information was very useful.

In response to your second question, I think =
that application of these techniques in the immedia
te future will be used to initiate an alarm conditi
on to which the operator can respond. However, I do
believe that eventually these techniques,once esta-
blished as reliable, will be used to initiate a rea
ctor shutdown. In regard to this, indication of high
turbine vibration levels are already being used to
shut the turbine down and also high vibration levels
of primary circuit pumps are used to initiate alarm
conditions.
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(29) Review of recenmt applications of reactor noise
techniques at Argonne National Laboratory -
R.A. LEWIS, E. F. BENNETT, - S.G. CARPENTER,

C.E. COHN, C.C. PRICE .

Recent applications of reactor noise techniques
to the improvement of suberitical reactivity and
Beff measurements in fast critical assemblies and
to fast power reactor surveillance by neutron/acou—
stic noise cross correlation are reviewed. "

Measurements of the reactivity of suberitical pl
utonium fast reactor assemblies are of key i.mporta.n
ce for physics measurements as well as for operatio
nal safety. Emphasis has been placed recently on the
refinement of inverse kinetics rod drop (IKRD), cro-
ss power spectral density (CPSD), and polarity corre
lation methods for suberiticality reactivity measure
ments.

IKRD has been the primary subcriticality measure-
ment technique applied at ANL because of its relati-
ve insensitivity to counter efficiency and prompt 1i
fetime changes ; a near-critical reference is not né
eded. Data are taken by banks of high-efficiency
nization chambers and analyzed by on-line computers
using a variety of optional algorithms. Estimates of .
the random errors in IKRD reactivity measurements re
sulting from noise effects have been developed by sii
mulation studies and theoretical analysis. In the si-
milation studies, rod drop flux traces are generated
from point kinetics theory and analyzed repetitively
by the various algorithms, after addition of simula~
ted reactor and detector noise, to produce precision
estimates. A theoretical analysis of rod drop reacti
vity precision involving a nonstationary calculation
of the chain-associated conditional probebilities of
neutron detection has been carried out for a simpli-
fied '3-point' rod drop analysis algorithm in which
instentaneous rod drop is assumed. Relative standard
deviations of 1 to 20% are indicated by these methods
for initial Ak from - 0.0005 to - 0.035, respectively,
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under conditions typical of the Past Test Reactor
(FTR) mockup experiments in the ZPR-9 fast critical.

Space-dependent kinitics calculations have been
applied to the TKRD technique to study systematic
errors that are functions of detector locations as
well as changes in kinetics parameters and effecti-
ve source strength in the course of a rod drop. In
various situations, systematic errors of several
parts per hundred may arise from these causes for
detectors located outside the axial reflector due
to cancellation of errors. For other detector loca-
tions, the principal error components might be in
the same direction , thereby amplifying the resul-
tant error.

Noise measurements have been used as cross checks
on IKRD results. The break frequency derived from
CPSD or polarity correlation has been found not to
be a good reactivity estimator in fast power reactor
critical assemblies presumably because wide dispari-
ties between neutron lifetimes in the core and refle
ctor produce deviations from point kinetics in the
range of the break frequency. Various two-detector
midfrequency polarity coherence function methods ha
ve produced good reactivity estimates, although the
se methods depend on near-critical reference measu-
rements and are perturbed by differences in detector
efficiency between the reference and measured syste-
ms. Correction methods to account for detector effi-
ciency and Bort changes have been developed.

The accuracy of fast critical experiment measure-
ments of Ak/k are directly affected by the accuracy
with which 8 is known. Recent conflicting expe-
rimental data on B, , 2 has been the incentive for
a noise-based integral £ measurement technique.
The technique is a modifgeg detector noise variance-
to-mean method using sampling intervals from 8 to
200 sec ; B £f has been measured to a precision of
x 2.9% in t8e FIR mockup critical assembly.

Exploratory work on the use of neutron/acoustic
noise cross correlation as a tool for surveillance




of fast power reactor systems has been carried out
using the Experimental Breeder Reactor II . Cross
correlation of neutron signals from in-core detec-
tors with acoustic signals from accelerometers moun
ted on various mechanical components connected into
the core structure has been studied up to several
thousand hertz. Flow-induced subassembly vibrations
at ebout 10 hertz have been obgerved.

DISCUSSION

M. EDELMANN : I would like to comment on the discre
pancy between the break frequencies observed by Cohn
at the core center and in the blanket of the FIR en
gineering mockup. This discrepancy might be due to
the spatial dependence of the roll-off slope of the
reactor transfer function. As shown in the paper I
presented this morning the roll-off slope increases
with increasing distance from the core center. The
3 db point will be found therefore at a frequency
which in the blanket is lower than in the center of
the core.

B. BAERS : How large is the contribution of the re-
actor gamma radiation to the detection process with
glass scintillators ( with Li-6 n-v converters ) ?
Both the correlated and uncorrelated gamma radiati-
on coming from fission and other processes in the re
actor may contribute to the signals, in which case
the thory should be modified accordingly. The ques-
tion is also related to Mihalczo's presentations on
october 22, 1974.

R.A. LEWIS : The answer to this question is unknown
at this time.

W. BASTL : What do you expect by extending the fre-
quency range up to 1000 Hz for your cross-correlati-
on measurements neutron flux/accelerometer signals ?

R.A. LEWIS : This question cannot be answered witho
ut further experiments.
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J.A. THIE : This is a comment on Bastl's question
sbout cross-correlating neutron flux and accelero-
meter at high frequencies. A possible way of extra¢
ting a correlation, if any exists, is to first use
an envelope detector on the accelerometer. Then the
low frequency envelope could be cross-correlated wi
th neutron signals at the 10 to 12 Hz region of in-
terest for example.

W. SEIFRITZ : What is the meaning of v in Eq.3 of
page 28 2 Is it the mean number of neutrons relea-
sed per Pu-239 fission or per Pu-240 spontaneous fig
sion ?

R.A. LEVIS : 7 refers to the mgan number of neutron
released per Pu-239 fission. v refers to the mean
number of neutrons released per Pu-240 spontaneous
fission.

D. 'ACH : In the Pig.5 of your paper a sharp peak
at 10.5 Hz is to be seen as well in the vibration
siomal as in the neutron noise signal. My question
is , why we can not see the other signal components
of the vibration signal e.g. the peak round 6 Hz in
the neutron noise spectrum. Did you investigate the
cross-pover spectral density or coherence between
the vibration and the neutron noise ?

R.A. ILEJIS : Concerning the first question, the reason
that components of the vibration signal other than
those at 10.5 Hz do not also appear in a neutron no-
ise spectrum is because the accelerometers used to
measure the control rod vibrations were attached to
the contol rod extension at a considerable distance
(30 £t) above the reactor core level. Thus, while the
common coupling between the flow induced control rod
vibration and the neutron flux oscillation is in the
reactor core the physical vibration of the control
rod must be passed along the control rod extension.
This extension has abrupt changes in cross section
and is supported at several locations by bearing sur
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faces. These bearing surfaces become noed points for
lateral ( radial ) vibrations. Consequently, many of
the peaks in the control rod spectrum are related to
the natural frequencies of the control rod extension
or are induced by vibration of the support structure
and are not related to the subassemly vibration. Se-
cond question, we did not perform cross power spec-
tral density nor coherence measurements.

J.T. IMTHATLCZO : Discrepancies mentioned in reactivi-
ty measurements with FTR-3 and the inability to con-
firm these discrepancies in measurements in the SE-
FOR reactor motivated the reactivity measurement pr-
ogram with the mockup of the FPTF that I described
yesterday. IKRD measurements with detectors in the
core, in the reflector and in the shield agree down
to about 8 § where statistics precluded further me-
asurements in the shield : but measurements with de-
tectors in core and reflector agree dovm to about

14 $. The measurements must be corrected for the ch-
ance in detector efficiency during the drop. These
TKRD results agree with msm measurements. lism measu-
rements agree at all detector locating and agree with
BFNA in-core.




(30) A simple space dependent theory of the neutron
noise in a boiling water reactor :
‘G. KOSALY, L. MAROTI , L. MESKO

In a recent work a simple theoretical model was
developed and used for the interpretation of in-co
re neutron noise measurements performed at a large
BWR. In this model the neutron-flux fluctuations
were congidered to be driven by two noise sources :
a local source ( bubbling ) and a global one ( rea
ctivity fluctuations ).

An extensive series of measurements were perfor-
med at the Lingen BWR by Seifritz. Among other quan
tities he measured the NRMS-values of detector cur
rent fluctuations and the critical flux #(z) for
different axial positions. In a recent paper Stege-
mann, Geburek, Mikulski and Seifritz emphasized that
the measured curve of the NRMS resmbles, at least
to some extent, the calculated curve of the steam
void fraction a(z).

In the present paper we use the aforementioned
model for the description of neutron nolse. Using
simple assumptions the result

NRMS (z) 2 _.a+0C F(z) é%f%‘ (1)

In Eq.(1) the first term accounts for the effect
of reactivity fluctuations, while the second term
represents the local influence of bubbling.

A and C are constants. The function F(z) is de-
termined by the axial dependencies of average bub-
ble volume, and average steam velocity.

Using measured values for NRMS(z) and &(z) and
calculated values of a(z) and F(z) the parameters
A and C are determined by a least-square fitting.

The results are instructive concerning the appli
cability of the model. In cases when the model is
applicable a method of measuring steam void fraction
by in-core neutron detectors might be developed.




DISCUSSION

W. SEIFRITZ : Just a comment. In the meantime it has
been corroborated by independent measurements on the
Garigliano as well as on the Mildeberg BWR that the
behaviour of the NRMS-value seems to be a general ch
aracteristic of BWRs. Therefore,  your heuristical dé
velopment seems to be encouraging.

D. WACH : I believe you are not right taking only
the variation of the local steam volume as the dri-
ving force of the local noise. Essentially it is the

D e ———

signal in the current of the ionisation chambers by

the disturbance of the neutrons being detected. Such

a pulse corresponds in the frequency domain with a
band—ln.mited white noise, not a white noise as you
mentioned. The upper corner frequency is determined
by the width of the pulse which itself depends on the
velocity of the bubble and the length of the way of
the bubble inside a sensitive volume of the detector.
Using these considerations we see from the PSD's of
the in-core neutron noise that the sensitivity len-
gth of the detectors to this local 'detection noise!
is in the order of about 10 cm.

G. EOSALY : It seems tome that this is a righteous
comment of yours but I have the feeling that it re-
fers to a somewhat different situation, than the one
investigate in our paper. In fact if one has a few
bubbles moving upwards, then whenever a bubble appe-
ars in the sensitive volume one gets a signal. In
this case one has a time-dependent phenomenon even
if the current of bubbles does not fluctuate at all,
On the other hand boiling in water ( especially at
high pressure ) generates rather tiny bubbles ( <1 mm
diameter ) and there is always a large number of bubd
bles inside the sensitive volume, all moving upwa.rds.
In this case the average current of bubbles odntribu-
tes to the dc component-and one gets no time dependent
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signal unless the current of bubbles fluctuates. This
is why in the joint paper with you ( Atomkernenergie,
23, 1974, 244-250 ) the fluctuation of the number of
Pubbles was considered as the driving source of the
local part of the noise-field. In the present work we
went further considering the fluctuation of the local
steam volume as the driving source of local fluctuati
ons. As regards your second comment may I point out
that according to our Eq.(2.12) the local contributi-
on to the APSD of neutron noise is bo limited. The
break frequency of hte function Tﬁi(w)| which in turn
corresponds to the finite time white the disturbance
propagates through the sensitive volume of the detec-
tor. May I point out also that to speak about local de
tection-noise seems to me rather misleading in the
present context. By detection noise one traditional-
ly means the noise induced by the stochastic nature
of the detection-process. The local effect on the o-
ther hand is basically the local-response of the neu
tron-field to local changes in moderation, absorption
and attermation characteristics. In fact one has to
be rather cautious not to conifuse the characteristic
diameter of the sensitive volume around the detector
with its geometrical dimensions. It is to be conside-
red that the flux-fluctuation at a single space point
are induced by the disturbances contained in a fini-
te volume around the space point, that is even a po-
int -like neutron-detector has~a finite volume of sen
sitivity.

D.N. FRY : Have you included the loss of bubbles bet
ween the two axial positions zq, 2z, in your produc-
tion term ? I also want to comment that the'C' term
is not a straightforward calculation as you stated

in the conclusions. The total void fraction is depen
dent on such quantities as recirculation flow and fe
edwater flow and the fluctuations in these quantiti-
es is difficult to predict because they are depend-
ent on automatic control.

G. KOSALY : Bubble collapsing was neglecled in our
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considerations. It is certainly possible to include
this effect to the unspecified second term on the

RH3 of 3q.(1.7a) but then the first and second terms
would become dependent statistically and Eq.(1.11)
could not be derived. I feel that the neglection of
the condensation of steam is not a too bad assumption
in a BR., As regards your second comment I absolute-
1y arree. ‘hat I meant was that the concept of reac-
tivity fluctuations is well understood even if it is
rather difficult to provide detailed predictions. On
the other hand the concept of a local response to lo-
cal disturbances is not so widely accepted in the the-
ory of neutron noise.

K.J. SERDULA : Have you considered subtracting the
global response from your near-field detector ? This
global response can be obtained from a far-field de-
tector and by definition is the same percentage value
everywhere in the core. This percentage value can then
be subtracted from the near-field detector.

G. KOSALY : I think that this is a very good idea. A-
nother possibility of separating local and global co-
ntributions is to work in the time domain where they

center at zero time lag and at the transit time res-

pectively.

L.G. KXY ¢ You have an elegant and simple model h¢
re for bhoiling water reactor neutron noise but T won—
der whether its essentially monoenergetic nature does
not introduce significant errors ? It seems to me that
to predict neutron number density fluctuations in pha-
se space with a time varying moderator density it is
essentizl to include in the model the slowing down phe
nomenon. It is not essential to have, at least, a two-
group representation 7

G. KO3ALY : Ve have not included any energy-group-sub
seript but I think that the formulae can be applied
at arbitrary neutron energy. Of course the ratio of
local to global contributions might depend quite dra-
matically on neutron energy. On the other hand if one
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tries to derive the formalism of the paper from mi-
croscopic theory one finds that at least two-energy
groups are needed to account for the localised beha
viour experienced in the experiments of Wach and Se
ifritz,.

=. ROBINSON : What is the driving force of the local
flux fluctuations ?

¢, TOSALY : Tt was assumed in our work that the ma-
jor source of local fluctuation of the local steam-
volume resulting in extensive fluctuations of mode-
rator-density. ile feel that in the actual case this
choice is supported both by 'physical feeling' and
by a certain success in the interpretation of expe~
rimental results,

7. HOURA : I was very surporise to see that your phi
losophy is quite same as ours. As for constant C in

Eq.(2.15), how about cutting the low frequency compo
nents using high pass filter 7

G. KOSALY : It was nice to realize the similarity of
jdeas vou are mentioning. It is remarkable that basi
cally the same ideas can be found alsc in the Sweed1
sh-paper presented at this meeting. I think that to
remove the C-term by high-pass filtering is a very
good idea. Doing this the noise-ampltude becomes di-
rectly proportional to the factor a{z)/V(z) which mi-
ght be very important from the point of view of prac-
tical applications.
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(31) Experience from the analysis of noise measure-
ments in a BWR power plant -
P.E. BLOMBERG and F. AKERHIELM

With the aim of demonstrating the feasibility and
the potential use of noise measurements in a nuclear
power plant a limited series of such measurements we-
re carried out in the Oskarshamn I BWR-plant. The re-~
sults presented in this report indicate that importa-
nt information can be drawn from the analyzed dynamic
data. However, the confidence placed in the interpre-
tation of the results and the possibility to extract
information into a quantitative form requires both
extensive knowledge of the background characteristics
of the plant of concern and access to experience from
similar measurements in other plants.

The described study included measurement of the
following process variables : neutron fluxes, core
pressure drop, steam flow, generated electric power,
coolant flow and temperatures.

The sampled data were analyzed by an on-line digi
tal special purpose computer. }Mainly power spectra
and cross correlation functions were computed. From
the results certain information is extracted e.g. on
inherent oscillations, transport delays, void frac-
tion distribution and malfunction of electronics.

DISCUSSION

T. NOIURA : In Fig.12 cross correlation function bet
vween bottom and top local neutron flux, I noticed that
the peak at 7= 0 is much smaller than the peak related
with local effect. Did you use something like high
pass filter that will make the peak at r= 0 small ?

F. AKERHIELN : No high pass filter was used in the si
gnal conditioning.

W. SEIFRITZ : I would like to make a comment; (1) the
steam velocity derived from Fig.12 of 4.3 m/sec cor-
responds to the mean steam velocity; (2) comparing
Pig.10 ( spectrum of reactor vessel pressure ) with
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one of the neutron noise spectra of Fig.2 it is to

be seen that both peaks occur at the same frequency
of 1 Hz. In the case of Garigliano BWR it has also

been observed that the coherence between pressure &
neutron flux exhibits a peak. Purthermore it is pos
sible to derive from this appearance the pressure-

reactivity coefficient for a BWR.

D, WACH : I agree fully with Dr Nomura. Why you have
such a small peak at 7= O indicating the global noi-
se. In a power reactor especially in the low frequen
cies range there exist strong signal components which
are of a global effect and therefore cause a strong
peak at r= O in the cross correlation function. From
your Fig.4 we see that you have powerful global noise.
As an example, when we correlated simjlar in-core noi
se signals of the Lingen reactor we could see a dela-
yed peak corresponding to the transport time of the
local disturbances in the CCF only if we filtered the
signals with a high-pass filter in order to suppress
a powerful peak in the low frequency range which has
been identified as a global noise correlated with co
re differential pressure very well. This last comment
is only given because Dr Seifritz has neglected in
his comment to say that this identification has been
given by us cross-correlating the neutron noise signa
1s with the noise of the core differential pressure.

F. AKERHIEIM : As can be seen from Fig.4 there is a
large contribution from locally induced noise which
supports the results obtained from the correlation
analysis. Also from a visual inspection of analog re
cordings a conformity was found when the recordings
were displaced by 0.7 seconds which again supports
the results presented. The strong correlation for ze
ro displacement found elsewhere seems to indicate
that the global noise is much higher in these cases.

J.A. THIE : The first of two comments I wish to make
is that the excellent work of this paper as well as

recent work of Seifritz, Nomura, Wach, Kosaly and o-
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thers in identifying a local slowing-down noise can
be further corroborated by publication in the 1960's
on the Pathfinder BWR. Here spectral densities were
also interpreted the same way from similar data. The
second comment is that we found a resonance in prima
ry flow near the same frequency as you found in your
Fig.5 . The width of this resonance was found to be
quite sensitive to the presence of loose metal pie-
ces in the primary piping whereas these loose parts
were affecting the mean value of total flow almost
neglegibly . Hence your statement that your measure
ments can apport early detection of malfunctions is
supported by this experience, and should be encoura
ged,

K.J. SERDULA : When we observed the 1 Hz resonance
in our BWR plant, the turbine representative menti-
oned that a resonance in this frequency range is co
mmon in direct cycle boiling nuclear plants and pro
bably characteristic of this type of system. However
since turbine systems have been in existence longer
than nuclear plants we did not accept this statement.
Our subsequent measurements showed that the operati-
on with the by-pass valves gave rise to a resonsnce
at 1 Hz while operation with a turbine valve gives
rise to a resonance at 1.2 Hz . Have you checked the
resonances of your turbine condenser pressure control
system ?

F. AKERHIELN : No checking of the turbine condenser
pressure control system has yet been performed.

1T, EDELIANN : I am referring to Fig.3 of your paper.
One could conclude from the two curves shown there
that no global noise exists in your reactor. It se-
ems to me that you observed only strongly correlated
local effects at different axial positions which com
pensate due to phase shifts when the signals of many
axially distributed detectors are averaged.

F. AKERHIELM : The differences observed in the measu
red spectra as given by average signals from the 8
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and 32 detector arrays are assumed to be largely the
result of the damping properties of the electronies.
The differences might, however, also support the con
clusion that the local noise is substancially larger
than the global one.
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(32) Power reactor noise measurements in Hungary -
' D. PALLAGI, T. HARGITAI, S. HORANYI

In order to study and develop new instruments
and methods for reactor disgnostics purposes, the
fluctuations in both the reactor flux and the cool-
ant temperature have been investigated in many years
by performing measurements with in-core and ex-core
neutron detectors and with thermocouples at the 5
MWt research reactor of the Institubte. With special
emphasis on investigating the range of applicabili-
ty of the coolant velocity measurements based on the
transit time method, recently an application resear-
ch program has been started also at a low-power inac¢
tive BWR facility and at a sodium cooled experimen-
tal loop.

In the paper the main conclusions obtained in con
nection with the in-core bulk boiling detection and
with the coolant velocity measurements through cross-
correlating the signals of two thermocouples will be
discussed and some preliminary results - e.g. influ-
ence of the time constants of the thermocouples - ré
ached in the course of the recently started a,pplica
tion research program will be reported.

DISCUSSION

D. SCHWAIM : Did you also evaluate the power spectral
density of the temperature fluctuations in your Na-
loop ? What was the break frequency ?

S. HORANYI : Yes, we have measured the PSD of the tem
perature fluctuations in our Na-K~loop. The break fre
quency was about 10 cps and depends on the velocity
of liquid metal in a low rate.

H. NISHTHARA : I might add a comment on flow velocity
measurement by temperature noise. Instead of using
two temperature sensors, you can measure the flow ve
locity by only one sensor. You can detect the sheddi-
ng frequency of vortaces behind a heated rod, and this
frequency is proportional to the velocity.
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S. HORANYI : Thanks for your interesting remark.This
well-known method, I think you are of the same opi-

nion, is not useable for in-core velocity measuremen
ts. Our process does not require heating, it calculg
tes in the time domain and utilizes the natural tem-
perature noise of liquid coolant to get information.

"
E. TURKCAN : Could you give some details on the sodi
um loop ?

S. HORANYT : Tt is a real Na-E-loop which was built
to study the heat transfer first of all. The veloci
ty and temperature of the liquid metal could be cha
nged in the range of O - 6 m/sec and 50 - 500 °C,
respectively. Our measurements were performed in a
tube with 28 mm inner diameter.

W. SEIFRITZ : It is important to note that the time
constants of the loop are the crucial quantities re
sponsible for the time scale. In the cross correla-
tion—function only frequencies beyond the reciprocal
values of these time constants should be evaluated.
But Dr THirkcan and Dr Kosaly may explain this pro-
blem in better detail.

G. KOSALY : Years ago we pointed out that a very spe
cial effect, we called it the 'wall effect', might
jnvalidate this measurement. The effect arises from
the finite heat capacity of the wall. By its finite
heat capacity the wall may store the signal for a
while and emit it with a certain time delay. This
way instead of measuring the transport time between
the two detectors, one might measure the transport
time plus the delay time. The casé was taken up la-
ter by the Hannover-Petten group which found that
the effect can be really found in the experiments.
Tt is rather remarkable that in the measurements you
have performed you have not seen any traces of this
effect.

S. HORANYI : I agree with Dr Seifritz on the questi-
on of the importance of the time constants of wall
and coolant, but I am surprised at Dr Kosaly's remark

127




because his preliminary calculations also did not
point out the mentioned effect in our Na-K-loop.

L.G. KEIENY : Do you take any precautions in the
mounting of your ion chambers and in the preparati-
on of your cabling to minimize the effects of exter
nal vibrations and microphonic pick-up ?

S. HORANYI : Our ion chambers were not submitted to
the shaking effect of flowing water.
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(33) Non-linearity consideration when analyzing re-
actor noise statistical characteristics -
B.V. KEBADZE and L.A. ADAMOVSKI

Statistical characteristics of boiling water re-
actor noises inthe vicinity of stability threshold
are studied. The reactor is considered as a non li-
near system affected by random perturbations. To so
lve a non linear problem the principle of st atlstlc
al linearization is used. It is shown that the half
width of resonance peak in neutron power noise speE
trum density as well as the reciprocal of noise di-
spersion, which are used in predicting a stable ope
ration threshold, are different from zero both befo
re and after the stability boundary determlned based
on linear criteris.

In most cases & linear consideration is suitable
when carrying out the statistical analysis of reac-~
tor systems because of relative smallness of random
fluctuations. However, when determining reactor sta
tistical characterisics in the vicinity of stability
threshold this approch may be found insufficient. The
stability problem is of significance for boiling re-
actors. To determine the BWR critical ( from the sta
bility point of view ) power the extrapolation to ze
ro of either the resonance peak halfwidth of neutron
flux 'noise' power spectrum density or a reciprocal
of 'noise' dispersion is used.

However, since the reactor is a system of nonline
ar type affected by random perturbations the above
two quantities should have a value other than zero
within and beyond the linear stability threshold.

When deriving a quantitative stability criterion
and predicting the reactor operation stability thre-
shold a consideration of nin-linearity is of signifi
cance when statistical characteristics are determi-
ned.
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(34) Analysis of neutron-density oscillations resul
ting from core barrel motion in a PWR nuclear
power plant -

D.N. FRY, R.C. KRYTER, J.C. ROBINSON

At the request of th¢ U. S. Atomic Energy Commis
sion, the authors investigated unusual neutron noi-
se at the Palisades Nuclear Plant in late July, 1973.
Previously the plant operator, Consumers Power Com-
pany (CPCO), and the plant designer, Combusting En-
gineering (CE), had observed abnormal flux oscilla-
tions on the output from ex-core detectors in the
plant, had investigated and characterized the signa
1s with noise analysis techniques, and had specula-
ted that the oscillations resulted from flow-induced
motion of the reactor core barrel. On-site noise di
‘agnosis by ORNL of plant signals such as in-core and
ex~-core neutron flux, temperature, and vibrations
( sensed by ex-vessel accelerometers ) with the aid
of a computer-based noise analyzer substantiated the
previous conclusions of CPCO and CE : the abnormal
ex-core detector flux oscillations were attributable
to changes in neutron leakage to these detectors ca
used by a rocking motior of the core barrel and co-
re as a unit ingide the pressure vessel.

Following the on-site measurements, an analog ma
enetic-tape recording of plant neutron detector si-
gnals was obtained from CE so that an in-depth study
could be conducted at ORNL. Shortly thereafter, while
Palisades was shut down for inspection of the steam

- generator, the reactor pressure vessel intermels we
re visually inspected to confirm the noise analysis
diagnosis that the core barrel had rocked during o-
peration. The inspection revealed that an ~0.25 in.
thickness of metal had worn from the mating surfaces
of the core support barrel flange and pressure vessel
and that all fasteners holding the expansion-compen-
sating ring in position were broken, thus confirming
the speculte mode of motion,

Our objectives in reporting this work are to show
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the advantage of using a variety of plant signals, .
each processed statistically in several ways, in per
forming unambiguous diagnoses ; and illustrate the
reasoning by which an investigator can assimilate
the various complementary pieces of information to
diagnose the performance of reactor internals. We
stress the need for presentation of experimental r¢
sults in absolute, universally recognized units of
measurement so that they will be amenable to compa-
rison with both theoretical analysis and measurements
from other plants of similar construction.

Some of the more important obaervations of the Pa
lisades study were as follows :

(1) In-core detector rms noise was ~ 4 times smaller
than ex-core noise in the 0.03-5 Hz range. From this
observation, we concluded that the cause of the lar-
ger ex-core noise was not due to power fluctuations.
(2) Some ex-core detectors had considerably higher
rms noise levels in the 0.03-5 Hz range than others.
Purthermore, the relative phase shift among ex-core
detectors varied from O to 180° with detector circum
ferential position. These facts indicate a preferred
direction of motion.

(3) The amplitude distributions of the ex-core dete¢
tors were not symmetric with respect to their mean
values, i.e., fluctuationsin signal amplitude had a
preferred sign.

This fact reinforces other indications of preferen-
tially oriented core berrel rocking.

We believe that the neutron noise signature asso
ciated with the movement of the core barrel in this
will be helpful in diagnosing similar abnormalities
if they occur in other PWRs.

DISCUSSION

D. WACH : Did you cross correlated in-core and ex-
core chamber signals. What was the behaviour of the
phase-function of the coherence ? I ask, because the
physical mechanisih between driving force and noise
signals are of different nature for in-core and ex-
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core chambers : movement of the detector in a flux
gradient and attemuation of neutrons in the anmilus
respectively.

D.N. FRY : Yes. The coherence between in-core and
ex~-core detectors was essentially zero except in the
vicinity of 2 Hz where it was 0.5-1. The phase-fun-
ction observed depehds upon the detectors used for
the measurement. Refer to Pig.2 of my paper for de-
tector location. Assuming NI5 Lower as the referen-
ce detector, the following phases and coherences we-
re obtained at 2 Hz. ( this is only an example : ne-
ither the phase nor the coherence were constant with
frequency ).

Phase (0) _Coh_
NI5 Lower-HIA2-5 -122 © 0.74
NI5 Lower-NI7-5 + 28 0.82
NI5 Lower-~-NI6-5 +155 0.55

I agree with your statement regarding physical mecha
nism and our results support your observation. The
coherence between ex-core and in-core detectors is
low at frequencies where the noise is attributable

to barrel motion (<2 Hz) ; this indicates the 1n-cores
do not 'see' barrel motlon-lnduced noise.

. L.G. KEI'ENY : Have you made an attempt to correlate
the results of your measurements with some theoreti-
cal model for the neutron density oscillation produ
ced by a randomly vibrating neutron source or sink ?
This type of calculation could lead to a specification
for optimum detector types, sizes and spacing ?

D.,N. FRY : No, but in the near future we will perform
calculations that hopefully will allow the determing

tion of the sensitivity of the observed neutron noi-

se to reactor vessel internals movement. We do not an
ticipate performing calculations on optimum detector

types,sizes, or spacing.
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W. SEIFRITZ : It is not more advantageous to show the
difference between the RMS values of an out-core sha-
mber and a representative in-core chamber so that the
direction of the core barrel motion becomes much more
clearly borne out ?

D.N. FRY : T doubt that this could add new informati-
on, since the in-core RMS noise was essentially the
same for all detectors and only 15-20% circa of the
ex-core noise level in the frequency range 0.003-5 Hz,
Besides, the in-core and ex-core noises are attributed
to different physical mechanisms, it does not make se-
nse to treat the in-core values as a 'background' to
be subtracted from the ex-core values.

R. BAEYENS : Are their new measurements been -perfor-
med after repairs ?

D. N. FRY : Yes. The utility that operates the reac-
tor will perform measurements during startup and thé
reafter on a periodic basis when normal operation is
resumed.

K.J. SERDULA : The ratio of the 2 Hz amplitude to the
average amplitude in the PSDs is higher for the in-co
re detector than the ex-core detector. What is the re
ason for this difference ? Is it due to excitation of
fuel element vibration ?

D.N. FRY : Indeed, the ratio of the PSD at 2 Hz to the
average PSD is higher for in-core detectors ( i.e.,
there appears to be a more pronounced peak in the spé
ctrum ). However, if you refer to Fig.7 of my paper
you will see that both in-core and ex-core detectors
have approximately the same ampltude PSD at 2 Hz. The
refore I believe the apparent difference in ratios
that you have called to our attention is primarily the
result of higher ex-core noise at low frequencies (i.e.,
the barrel motion, which is not seen by the in-core d¢
tectors ). On the basis of data.-now available, I don't
believe we can say positively that the 2 Hz noise is
due to fuel element motion. However, the fundamental
frequency of the fuel assembly is believed to be in
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the 1.5 t0 4 Hz range and it is possible that the bar
rel motion excited the core at its fundamental freque
necy.

JAUDET : What is the sensitivity of neutron detectors
might have toward accelerations and pressure fluctua-
tions.?

D.N. FRY : I don't know what sensitivity, if any, the
neutron detectors might have toward accelerations and
pressure fluctuations. One could obtain this informat
ion by performing measurements with the reactor shut
down, which we were not able to do. You may recall th
at one of my slides showed a correlation between ex-
core detector signals and the signal from an accelerd
meter placed on the upper flange of the pressure ves-
sel. This slide showed a close correspondence between
increased mechanical noise and large spikes in the ex-
core neutron noise.

W. BASTL : Yuo have made some principal recommendati-
ons with respect to on-line monitoring of future pla-
nts. Would you rather suggest portable equipment for
signal analysis or the use of the digital computers on
gite ?

D.N. FRY : I believe we will see both on-site and por
table equipment used in future plants. One must perfonm
a certain amount of on-line monitoring to assess the
healt of the plant. If the on-line monitor should indi
cate an increase in noise, then more sophisticated e-
quipment ( possibly portable ) could be employed to di
agnose the cause of the increased noise. Owing to the
widespread use of the Fast Fourier Transform now, I be
lieve that both on-line and portable noise measuring
gystems in the future will rely heavily on the use of
small computers.

D. WACH : May I add to this point ( question of Dr Se-
ifritz ) : the differences of the variances of in-core
and ex-core signals can not help us to determine a bet
ter variance of the core barrel motion as the noise so
urces are of different nature in the two types of ne-
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utron detectors. The phases between in-cores and ex-
cores is about 90°, This indicates the different na-
ture of the noise sources.

D.N, FRY : I agree with you. Your reasoning, in addi-
tion to my earlier statement in response to Dr Seif-
ritz's question, indicates that there is probably no
thing to be gained by subtracting in-core noise from
ex-core noise. As you have concluded, the in-core and
ex—-core noises are attributable to different physical
mechanism, ( in the 0-2 Hz range ) so it does not ma-
ke sense to treat the in-core values as a ‘'background’
t0 be subtracted from the ex—core values.

M. EDELMANN : (1) Have you performed any cross-corre-
lation between accelerometers and neutron chamber sig
nals ? One would expect an improvement in detecting
barrel motions in this way especially for the lower
amplitude motions. (2) Do you have an explanation why
the main direction of the barrel motion is almost per
pendicular to the line of symmetry of the coolants in-
lets ?

D.N. FRY : (1) No, because the sensitivity of the in-
stalled accelerometers was very low in the 0-2 Hz fre
quency range where barrel motion was the main contri-
butor to observed ex-core neutron noise. (2) It is po
stulated that the driving force responsible for the
core barrel rocking motion was the pressure of the in
let flow against the barrel. As seen in Fig.8 of my
paper, the forces caused by inlets 1A and 2B tend to
oppose the forces of inlets 2A and 1B on the opposite
side of the barrel. Competition between these nearly
balanced forces apparently caused the rocking motion
of the core barrel and thus the ex-core neutron noise.

H., KATAOKA : Dr PFry, my question may be trivial, but

let me have a tip of lesson by your standard english

to improve my broken english. You told us you worked

‘whole night' to get the data including for low fre-

quency range. I understand it needs very long time to
get good data for loy frequency range and night is

135




sometimes more convenient than daytime for experiment
for the reason of stability condition of the electric
power supply, temperature condition, disturbance by
other people's getting in and out and the other con—
ditions. I would like to know your reason why you wor
ked 'whole night' insted of 'whole daytime’,

D.N. FRY : The frequency analyzer we used was able to
perform its functions automatically. Therefore, when
we went home for the day we started a repetitive pro-
gram that obtained a frequency spectrum every two ho-
urs during the night. The spectra thus obtained were
used to determine the stationarity of the neutron no-
ise signal. The choice of the night ( versus day )
has no significance.
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(35) The analysis of at-power neutron flux noise in
the frequency range of vibrating reactor struc
tures -

D. WACH

As described in literature and found by own experi-
mental investigations at the German nuclear power p
lants Obrigheim, Stade (PWRs) and Lingen (BWR) the
neutron noise of power reactors shows a very varia-
ble and reactor-specific behaviour. Essential diffe
rences of power reactors to zero power facilities, i.
e. larges geometries, high streaming of the coolant
and various reactivity feed back mechanisms result in
the factual findings that in contrary to noise theory
of zero power reactors the at-power neutron noise can
not be described in a similar exact mathematical way.
In many references the power reactor noise is descri-
bed by extending the relation used for zero power reac
tors ( i.e. the sum of the shot noise, fission bran-
ching noise ) by the multiple reactivity noise sour-
ces. This is completely insufficient for the upper
frequency range ( above about 1 Hz ) where essential
other effects are present as shown in details in this
paper.

Interpreting noise analises performed at the mentio-
ned nuclear power plants and using phenomenological
models, it could be shown that in nuclear power rea
ctors the dynamics of certain structures cause essen
tial, in some cases dominant spectral components. The
phenomena observed so far are generated by two types
of noise sources :

(a) movement of structure fields of the coolant
( temperature, bubbles, chemicals )

(b) movement of mechanical structures of the re
actor ( vibration of intermals )

In (a) dead times of the signal detection'of 1o
cal noise sources have to be considered. This is of
principle importance when interpreting coherence and
phase functions.
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In (b) mainly the vertical and horizontal vibra-
tions of the whole core unit are concerned. Vertical
movement of the core barrel and by that the movement
of the fuel elements relatively to the control rods
acts as a reactivity noise source, whilst the hori-
zontal movement acts as a local source, as a conse-
quence of the modulation effect on the attenuation
of fast neutrons corresponding to the variation of
the water layer in the gap between core barrel and
pressure vessel wall.

At the Stade Reactor, in the frequency range abo
ve 1 Hz this latter mentioned noise source forms the
main source in the signals of the detectors positio
ned ned outside the reactor pressure vessel. Using
correlation analyses between various vibration sig-
nals during the preoperational tests and between re
presentative vibration and neutron noise signals du
ring the power operational period the consistently
proof of this noise source could be given at the fi
rst time in Stade. Investigations of the long term
behaviour and the identification of other noise sou
rces in the same frequency range are the basis of so
me prectical applications of neutron noise analysis.

DISCUSSION

H., VAN DAM : On page 4 you state that relative move
ment between control rods and fuel elements is essé
ntially a global noise source. In my opinion this
depends on the position of the detector with which
you measure the noise. If the detector is positio-
ned near the tip of a control rod, you will measure
a relatively strong local effect. In general I thi-
nk that the division between local and global sour-
ces ig a good working model, but we must realize
that every local effect has also a global effect:
the ratio between these effects depends on the po-
sition of the sensor relative to the disturbance.
Would you commment on this ?

D. WACH : You are right in your first statement. A
detector positioned near a local reactivity distur
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bance will measure a stronger effect ( amplitude )
than a remote one. The described working model di-
scriminates different natures of noise sources,whi
ch are essentially characterized by the particular
behaviour of the CPSD-phase in a two-detector-expe
riment. The noise sources of the first type are
'seen' nearly simulaneously - that means in phase -
by all detectors at any positions. All global rea
ctivity disturbances influencing the core as a who
le, but also all local reactivity disturbances oc-
curring in a fixed core position belong to this fi
rst group. The other groups of noise sources are
caused by local disturbances which are detected by
the regarded sensors either delayed by transport
times ( linear phase functions ) or with constant
phase relations e.g. 180°.

You are not right stating that every local ef-
fect has also a global effect. All locel noise sQ
urces in a detector signal which are due to a lo-
cal atteruation effect,e.g. steam voids in the mo
derator between fuels and detector or annulus gap
variations due to lateral core barrel vaibrations,
are at first detector-specific sources. The signals
are mutually correlated only, e.g. because of the
transport of the nearly unchanged configuration of
bubbles in the coolant or because of a correlated
attemuation resulting from the same structure vi-
bration.

J.A. THIE : Can you tell us of your experience in
the variation of the auto-power spectral-density
during a fuel cycle and also after a refueling ?
Also you may wish to mention any preliminary idea
that could account for the magnitude of these chan
ges.

D. WACH : In EKS we observed an increasing of the
normalized power spectral density of ex-—core ion
chambers during the fuel cycle in a broad frequen
¢y range. After the first refueling essentially

the same auto-power spectral density was measured
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like the beginning of the first fuel cycle. Rea~
sons for these variations can be the variations
of the magnitude of reactivity coefficients, espe
clally of the ‘moderator temperature coefficient.
However, from the phase of ex-core opposite chamn
bers,it is to be seen that also the attenuation
noise of the core barrel movement has been chan-
ged remarkably. This effect has to be explained
by variations of the macroscopic cross sections
of the céolant in the anmulus e.g. either by ope
rationally changed boron contents or by the 'har
dening' of the neutron flux in the core barrel bc
undary zone due to radial shifting of the power
peak during the fuel cycle. The investigation of
these phenomena is part of our future research
work.,

.1, DIO : It is possible that the observed increa
se of the power spectral density of the neutron
flux in the lower frequency range towards the end
of the first fuel cycle of KXS is caused by tempe~
rature fluctuations of the coolant. The absolute
value of the negative coolant temperature reacti-
vity coefficient is higher at the end of the fuel
cycle than at the beginning of the cycle: for ex-
ample -3 to -5 pem/C° at the beginning of the fuel
cycle and about -35 pem/C° at the end . These are
temperature coefficients at power normal operatio
nal conditions.
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(36) Boiling anomaly detection by acoustic noise
measurement -
H. NISHIHARA

Fuel channel blockage and other reactor anomalies
can alter boiling ( or non-boiling ) conditions of
the coolant, which may most easily be detected by a-
coustic noise measurements. In this paper some funda
mental aspects of boiling noise are reported based
on the experimental results obtained with water media
and the detection schemes of boiling noise in reactor
systems are discussed.

Acoustic noise generated by nucleate pool boiling
of water by heating electrically a thin platimm wi-
re at atmospheric pressure from the incipience of bo
iling to the burnout of the heater was investigated
experimentally. The water was contained in a cylin-
drical vessel, approximately 150 cm i.d. by 140 cm
high. The power spectral densities (PSD) of the boi-
ling noise extended to and possibly beyond 50 KHz ,
and behaved differently for heat fluxes above and be
low a certain flux level at which the overall noise
intensity assumed a maximum value.

For heat fluxes exceeding the maximum intensity
heat flux, decrease in the acoustic intensity was due
t0 the decrease in the frequency components above ap-
proximately 3 KHz, while for lower heat fluxes the
shape of the PSD remained practically unchanged. The
PSD was also found to decrease for all the frequency
components more or less uniformly with an increase
in dissolved gas content.

Acoustic noise generated in fluid which is contai
ned in a vessel of a finite dimension can not be free
from the effects of standing waves ( container system
resonances ) and from the wall reflections unless spe
cial precautions were taken for the construction of
the container. In a separate boiling experiment, the
container system resonances were so large that, when
the noise detected by a pair of detectors placed at
different distances from the localized heater was
processed in cross-correlation functions, the peaks
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appeared at the zero-lag positions. It indicates
that the container resonances masked the coherent
signals which emanates directly from the hgater.

In fact, if signals in these resonant..frequency ran
ges were eliminated, the cross-correlogram provides
information for locating the anomalous coolant chan
nel.

To obtain characteristic signature of the boiling,
it is imperative, therefore, to investigate the fre-
quency characteristic of boiling noise fully with
pertinent coolant fluid under pertinemt conditions
( subcooling, pressure, flow and heat flux ) and the
acoustic characteristicsof the container system,e.g.
characteristic resonances, transmission paths and
wall reflections. In addition, efforts should be di-
rected towards development of detectors useable in
the hostile reactor enviroment.

DISCUsSsION

D. 3CHJAIIT : Can you give some answer to the questi
on of the accuracy of your triangulation procedure?

II. HISHIHARA : It all depends on the specific region
of the system in which the detectors and the noise
source were located because, in some cases, reflec—_
ted waves and other effects contaminated the measure
ment. then these effects were neglegible, the accu-
racy was as good as the size of the detector, or
within the error involved in placing the detector.

W. SEIFRITZ : Did you not try to apply some kind of
triangulation techniques to find out an unknown hea
ter pin location because in the future such techni-
ques might be of interest for LIMFBR people.

H. NISHIHARA : As you have pointed out, the ultima-
te purpose of the cross-correlation studies of boi-
ling acoustic noise is, of course, directed toward
the triangulation. The results obtained here by a
pair of detectors can be extended to multi-pair de
tector cases applicable to actual reactor situations.
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L.G. KEMENY : These very interesting measurements,
which undoubtedly help to increase our fundamental
understanding of boiling phenomena, seem very far
removed from a maclear reactor situation. Would it
not be preferable to adopt a more direct approach
and use the acoustic noise technique to investiga
te : (1) the growth and collapse of individual bud
bles, (2) boiling in simlated fuel pin clusters ?

H. NISHTHARA : Many items of investigation should
be listed as importanmt subjects including the two
you have just pointed out, for the whole scope of
the phenomena, from the generation of signals to
the detection scheme in realistic geometry, is st-
i1l not well explored. These are being pursued by
a host of people including ourselves throught the
world both in the fields of boiling heat transfer
and reactor applications. There still exists a 1o,
ng way before the whole area is well uhderstood and
put together for ultimate application.

H. KATAOKA : Dr Kemeny points out very important
problem. Dr Nishihara's experiments use two sorts
of model, because his study has two targets. In the
earlier period of reactor noise analysis study in
Japan, people intended to analyze reactor kinetic
themselves. This attempt is successful in zero-pd
wer reactors but not yet in high-power reactors.
Discrepancy between theoretical calculated values
and experimental results is so large in low frequ-
ency components of reactor noise and the reason of
this disagreement is still unknown. At the first,
people wanted to attack this discrepancy and now
many people already give it up. Recently most of |
reactor noise analysts in Japan are directed to d¢
tect control rod motion, mechanical vibration and
material failure, temperature and the other kinds
of trouble like these, For the first purpose rather
fundamental models are suitable and for the second
purpose rather practical models. Because Dr Nishi-
hara is studious and tenacious, he never gives up

143




the first purpose and concurrenxly he wants to ma
ke his study useful for the second purpose too.
Then it is very natural his experiments seem to
use two types of models apparently inconsistent
with each other. I am very pleased that Dr Kemeny
understands the complicated condition in reactor
noise analysis field in Japan and I recommend Dr
Nishihara to recognize himself these two different
sorts of target more clearly. Of course, these two
targets actually have very close relation to each
other and we expect Dr Nishihara study will be sug¢
cessful both in two purposes.

I, EDELIAIN : You stated that acoustic noise ana-~
lysis would provide the most promising method to
detect boiling of sodium in a fast reactor. Could
you comment on the basis from which this statement
follows ? It seems to me that from the work repor-
ted in your paper this conclusion cannot be drawn.
Vle at Karlsruhe were also looking into the problem
of boiling detection in fast reactors. However, we
are convinced that alternative methods have to be
studied in addition to the acoustic method to fi-
nally provide a reliable detection scheme for mo-
nitoring a fast reactor with regpect to boiling of
the coolant. We consider the cross-correlation of
neutronic and acoustic noise a serious alternative
method for the detection of local boiling. The ne-
xt paper to be presented at this conference will
show you why.

H., NISHIHARA : I did not say that the acoustic me
thod is the most promising one, but certainly is
one of the “most promising methods for the detecti
on of boiling LI'FBRs. One basis for this is its
ability of detection in the high frequency range
where background noise is small. Ny statement is
the conclusion based on our own measurements, but
rather intended to draw your attention to its im-
portance in boiling detection. In actual applica-
tions, use of cross-correlation of neutronic and
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acoustic noise may provide an excellent tool. Or,
correlating acoustic noise detected by detector
pairs for the purpose of triangulation may solve
the problem of poor signal-to-noise ratio &and the
location of boiling as well. Another suggestion
is to cross-correlate acoustic noise signals in
different frequency domains.
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(37) Cross correlation of neutronic and acoustic
noise signals from local boiling -
S.A. WRIGHT, R.W. ALBRECHT , M.F. EDELMANN

Acoustic and neb.trom.c noise are the primary me-
thods considered probable to detect Na boiling in
IMFBR's. However, both methods are feared to have
serious signal-to-noise problems due to the large
background noise sources. Because the background
noise sources for the neutronic and acoustic noise
are physically different, one can expect to decrea
se the effective background noise by cross correla
ting the two signals. This will improve the signal-
to-noise ratio provided the portion of the signals
caused by the boiling phenomena is strongly corre-~
lated. One should expect such a correlation to occur
at the bubble repetition frequency. These facts mo-
tivated a boiling experiment in which the neutronic
and acoustic noise were cross correlated.

A boiling generator was desighed to simulate the
volume and pressure effects of local boiling as de-
scribed by Gast. By forcing superheated steam into
cool water, it was possible to produce single bub-
bles ranging from 1 to 4 cm in diameter and having
lifetimes of approximately 60 milliseconds. Pollo-
wing the collapse of a bubble and the growth of the
next, a deadtime was observed. Bubble repetition ra
tes could be varied from 4 to 18 Hz.

During the out-of-core experiments, high speed
films were made of the bubble growth and collapse.
These films were synchronized with the corresponding
pressure pulses created by the bubble collapse. From
this information characteristic features of the vo-
lume and pressure pulses were identified.

In-core experiments were performed in the zero
power ( 10 W ) GfK Argonsut reactor. The boiling si
mulator was placed in the fuel zone of the reactor
and the neutron and pressure noise signals were re-
corded. A wide variety of boiling conditions were
simulated and compared with the out-of-core results.
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Power spectral densities of the neutron and pres
sure noise signals are shown in Pig. 1 . Three pea-
ks are apparentin the Auto Power Spectral Density
(APSD) of the pressure signals. The first at 7 Hz
is due to the large bubble repetition frequency ;
the second at 14 Hz is also associated with the bub
ble repetition rate. This peak is at twice the lar-
ge bubble repetition frequency because the boiling
generator had the characteristic ( as seen in the
films ) of producing a two-bubble pattern. First a
small bubble would form and partially collapse, im-
mediately followed by a second but much larger bub-
ble. A third peak at 23 Hz is caused by the durati-
on of the pressure pulse.

The neutron APSD reveals both peaks due to the
bubble repetition rate ; however, the second is ve-
ry weak. This is a result of the reactor transfer
function and the two-bubble effect just described.
No obvious peak occurs at the frequency correspon-
ding to the pressure pulse lifetime.

The neutron-pressure Cross Power Spectral Densi-
ty (CPSD) has not only the two peaks due to the bub
ble repetition rate, but also a peak corresponding
to the pressure pulse duration time. This correla-
tion between bubble volume and pressure was not ap-:
parent from either APSD but is shown clearly in the
CPSD. : '

A very simple model was found sufficient to de-
seribe the general shape of the neutron-pressure
CPSD. The model relates the bubble volume to the neu
tronic signals via the void coefficient:and reacti-
vity transfer function and to the acoustic signals
via a simple transfer function. For fast power reat
tors the neutron-pressure CPSD is proportional to
the pressure APSD times a transfer function that
falls off as 1/u?.

To summarize briefly, the neutron-pressure signals
are strongly correlated with coherences up to .6 at
the bubble repetition frequency. This strong correla
tion will improve signal to noise ratios and thus ea
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se detection of local boiling. Only simple models
are necessary to describe the general shape of the
neutron-pressure CPSD, This has an important advan
tage, since, in the authors' opinion, only s:.mple
models can be used in devices that are tied to the
safety system of power reactors.

DISCUSSION

W. SEIFRITZ : Did you directly measure the pressu
re variation or did you calculate this quantity
via the second derivative of the gas volume flu-
ctuations ¢

IT. EDELIMANN : The pressure fluctuations have been
directly measured by a piezo crystal in both the
out-of-pile and in-pile experiments. In the out-
of-pile experiments the pressure variation caused
by the steam bubbles has also been calculated by
differentiating the time-dependent bubble volume_
twice. This has been done as a check for the volu

me-pressure- transfer function derived from a sim-
ple bubble model. This transfer function was nee-
ded for the calculation of neutron-pressure cross
power spectral densities.

H. NISHIHARA : Vhere does the vapor bubble colla
pse ? Have you not chosen the collapsmg location -
where the void reactivity-effect is most strong ?
Is your boiling simulator actually similating re-~
al boiling phenomenon in reactors ?

I, EDZLIANN : The vapor bubbles collapse slightly
above the steam nozzle which produces them becau-
se there is no flow of the water inside the boill
ng generator. In the in-core experiments the boi-
ling generator was placed at a fuel element posi-
tion in such a way that the bubbles were generated
near the midplane of the reactor to produce maxi-_
mum. void reactivity. To what extent real loeal boi
ling in a ILMFBR has been simulated is an open que-
stion because till now it has not happened yet.

It has been produced in sodium boiling experiments
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using small bundles of electrically heated pins_
only. In our boiling simulator the characteristi
cs of this type of boiling has been reproduced
very closely as far as void and pressure effects
are concerned. However, the acoustic transmission
of a fast reactor which is important for boiling
detection by acousti¢ methods was not included in
our simulation of sodium boiling.

D. WACH : I learned from your explanations that
the sign of the phase is of great importance for
the interpretation of your results. In this con-
text I wish to ask you : how do you use formula
2 of your paper ? What is the input and what the
output signal ? In light of the control theory
you have to take the complex-conjugate from the
X-signal, if this is the input, and not from the
Y-gignal as done in your paper. .

M. EDELMANN : In principle I agree with you com-
pletely. However, we do not cross-correlate input
and output signals but two signals which are not
commected to each other by an input-output rela
tion. Also in this case where we have two output
signals the phase angle of the cross power spec—
tral density depends on which of the Fourier tra
nsforms of two signals is complex cojugate in the
multiplication. Therefore in our case it is only
necessary to use the same definition of the cross
power spectral density in both theory and data
processing. And this we have done. But again, you
are right, if one is interested in the phase of
CPSD's one has to be careful with the imaginaries
of the Fourier transformed signals.

J.A., THIE : In Fig.10, the phase is seen to be
approximately constant above 4 Hz at 135 degrees,
whereas the emplitude data and Eq.16 of the paper
would not lead one to expect this. Is there an ex-
planation ?

M. EDELMANN : This is a joint effect of low cohe-
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rence between the neutron and pressure signal in
the whole frequency range except a small interval
centered at 5 Hz and numerical inaccuracies in di-
gital signal processing using 10 bit ADC's. The mé
asured coherence is shown in Pig.11. There it is
seen that significant coherence exists only for fre¢
quencies between 4 and 7 Hz. Below 4 Hz no pressure
fluctuations are produced by the boiling generator.
Above 7 Hz the neutron fluctuations are attemuated
due to the low-pass characteristics of the reactor
having e break frequency of 6 Hz. Therefore the pha
seplots had been given for frequencies from about

4 to 7 Hz only instead of the whole frequency ran-
ge being analyzed. Between 4 and 7 Hz the phase an-
gle calculated from Eq.16 varies only slightly and
equals 135° at the reactor break frequency (6 Hz),
actually.

¥.J. SERDULA : In your model 2N (0)«V(w) ayH(w)
N

and the pressure signal AP(w)ec ~ w2 V(w) ; therefo~

re the transfer function (aN/R)/AP should be given
by,

ANy o V) ey He) _ _ H(w)

AP - 0 V(w) T e
' ?
. AN/N H(w
assuming a, # f(«). Therefore —AP (w)cc —w2
AN/
and(( 2P )—_-4— H(w) + 180°, The last equation

shows the phase angle should have the same variati-
on as the phase of the zero-power transfer function
“ 180°. Therefore I would expect the phase angle of
the transfer function to be above or below the 180°
phase line but not to cross the 180° phase line. W9
uld you plase comment on the variation of the measu
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red phase angle shown in Fig.9 and 10 as compared
to the phase predicted by your model ?

M, EDELMANN : The general relation between the pres
sure-to-neutron and the reactivity transfer functi-
ons you just derived follows immediately from Eq.14
of the paper. So, I agree with you that the frequen-
cy dependence of the phase angle is solely determi-
ned by the zero power transfer function. If the void
coefficient ay is negative the phase of the pressu-
re-to-neutron transfer function AN/N(e) and that
AP

of the reactivity transfer function H(w) are identi
cal. Por a positive void coefficient we have

AN/N(‘-’) = < H(o) + 180°,
AP

Therefore you also right that the phase angde sho-
uld not cross the 180° line. The reason that this
appears in the phase plots of Fig.9 and 10 for fre
quencies below 3 Hz has been mentioned in my answer
to Dr Thie's question. Below 4 Hz there is no corrg
“1ation between the neutron and pressure signal. The
real and imaginary parts of the CPSD are very small
and may change their sign independently of each o-
ther due to statistical errors. This results in po-
sitive and negative phase angles which have to be
added to 180° in our case. These phase angles can
have large values due to the finite amplitude reso-
lution in digital data processing. The phase plots _
in Pig.9 and 10 are raw outputs from the digital fre¢
quency analyzer and should have been reduced to the-
ir relevant parts for reproduction in the paper.
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(38) Noise spectra of BWR and application of noise
analysis to FBR
T. NOIMURA

After the Japan-USA seminar in 1968, main sub-
jects in our laboratory were selected, one of whi-
ch is B''R noise analysis and the other is related
with FBR. Some of these parts are related each o-
ther. For example, boiling detection and temperatu
re Tluctuations are probtlems in both fields.

. In this review paper, mainly those subjects whi
ch have been performed in our laboratory are intro
duced.

(1) The fundamental experiment on boiling detecti-
on was performed utilizing Toshiba Training Reactor.
Equipment of air void production was set at the bot
ton of the reactor core. The volume of void was pa-
rametrically determined and the reactivity change
during the pass of each channel was measured by a
reactivity meter.

(2) The experiment of absolute power measurement
was performed applying two-detector cross correla-
tion method. The benefit of this method is to be
capable of elimination of detection noise which is
dependent on detector position. The measurement of
subcriticality was performed at the minimum eritical
test on TEPCO~II. The computational results by nu-
clear design and keff deduced from experimental noi
se analysis using beta-effective = .007289 were com
pared. Both were found to be in good agreement.

(3) Polarity correlation technique was applied to
the subcriticality measurement of a zero power fast
reactor. The frequency range of the fast-reactor-
noise spectra is expanded to higher frequencies than
that of a thermal reactor.On the contrary, the fre-
quency response of the instrumentation system is dif
ficult to expand this frequency range. This techni-
que can eliminate the effect of instrumentation sy-
stem. The measured reactivities are in good agree-
ment with those obtained by positive period method.
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(4) BWR noise analysis was performed on TEPCO-II.
To know the dynamic behaviour of BWR, the power
spectral densities and the cross power spectral
densities of neutron flux, core flow rate and core
pressure are analyzed by FFT using minicomputer.
The experimental results were compared with analy-
tical calculation and both were in good agreement.
As a result of this study, the fundamental spectral
pattern of neutron flux in BWR was made clear.

(5) In order to detect the local coolant blockage
in the LMFBR, simulation test for monitoring the
subassemblyoutlet temperature using thermocouples
is performed. The measurements of the RMS of the
temperature fluctuations and the conventional mixed
mean temperature are carried out with a water loop
similating the fuel bundle of experimental fast re
actor JOYO. It was found that the RMS of the fluc-
tuation signal is more semsitive for detecting lo-
cal blockage than the conventional mixed mean tem-
perature.

DISCUSSION

D. WACH : Two small questions :(1) What is the sen
sitivity length of your in-core neutron detectors
used in the BWR ? (2) Have you also looked to the
frequency range higher than 10 Hz in the PSDs of
the in-core signals ? Is there a corner frequency
or not ?

T, NOMURA : As for question (1), the sensitivity
length of our in-core neutron detectors is 1 inch,
As for question (2), we have not looked to the fre
quency range. higher than 10 Hz. A corner frequency
is several tens of Hz in this case.

D. SCHYALM : Did you observe changes in the PSD of
temperature fluctuations of TCD in the case of the
similated blockage when you heated the central pin?

T. NOMURA : We do not measure the PSD in case of the
similated blockage,although we can not find any chan
ges in the shape of the measured PSD of temperature
fluctuation of TCD in case of the flow change.As we
are interested in this problem, we will try it.
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(39) Plant disturbance and model verification
M.H, BUTTERFIELD and J.D. CUMIINS

liethods of measuring dynamic properties of plant
by injecting pseudo-random and other forms of distu
rbance are compared and examples quoted from zero
power and power reactor studies. The use of these
disturbance measurements to verify mathematical mo
dels of the plant and derive 'best fit' values of
parameters in the model is discussed. In general
the set of best fit parameters depends on the cri-
terion adopted. Criteria are proposed which relate
directly to the intended use of the model and some
corresponding results quoted.
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(40) An on-line power-reactor shutdown reactivity
meter based on a novel reactor noise analysis
technique
K. BEHRINGER, J. PHILDIUS, W. SEIFRITZ

In a heavy-water- or graphite-moderated reactor
the slow prompt neutron kinetics camnot be clearly
gseparated from the delayed neutron kinetics. To o~
vercome this problem the low frequency parts of the
neutron precursors are removed by proper high-pass
filtering of the random output signal of an ion cha
mber monitoring the neutron flux fluctuations. This
leads to a zero-crossing of the correlation functi-
on. Based on this method a simple direct reading
subcritical reactivity monitor has been designed
which uses polarity correlation techniques. Reacti-
vity measurementson the heavy water reactor DIORIT_
will be presented. As a general method the meter-de
sign is also applicable to fast reactor systems.

DISCUSSION

T. NOIURA : Did you compare this zero-crossing mé_
thod with the coherence method that you developed
before ? )

W. SEIFRITZ : All on-line noise techniques which
are Imovm up to now are based on the separability
of the prompt neutron kinetics from that of the
delayed neutrons. This means that the zero-power
reactor transfer function has to show a sufficient
1y long plateau below break frequency g8/f . In our
case the coherence method was not applicable due
to the overlapping of the prompt and the delayed
neutron kinetics.

S. CHVASZCZEWSKI : (1) Can you give any informa-
tion about intensity of the neutron source in the
reactor during reactivity determination ? (2)What
js the reactivity range of the reported reactivi-
ty meter?

W. SEIFRITZ : (1) In a heavy water moderated rea_é
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tor the inherent neutron source intengity is ve~
ry high due to the photo-neutron production. For
this reason a reactivity determination from period
measurements is not possible. At DIORIT the back-
ground source strength in the suberitical state
after one week shutdown is estimated to be about

2+1012 neutrons/ sec . (2) The reactivity meter
covers a measuring range from delayed critieal do
wn to about -10 $ , which may be also the lower
1limit of the reactor point approximation model on
which the theory is based. The zero-crossing 7, vs

p* shows an adequate sensitivity behaviour to this
limit.

K.J. SERDULA : I believed you stated you require
a calibration of this reactivity meter., Would you
like to comment on the calibration requirements
during burn up of the core ?

W, SEIFRITZ : The core of the DIORIT reactor is
subdivided into five zones. Shuffling is made af
ter a total core burn-up of about 5000 IW/d whereby
one zone is replaced by a new load. RBach time “the
control rods have to be recalibrated ( due to chan
ges of pand A ), The calibration procedure uses
the rod-drop method.

U. WESSER : (1) Vhat time needs the reactivity ng
ter after a reactivity step to obtain the correct
value ? (2) Whet is in the case if you have to cha
nge the range of the current amplifier ? (3) Did
you have trouble in the presence of the 50 Hgz noi
se ? (4) What do you think about comnecting the
reactivity meter on a period-meter ?

Y. SEIFRITZ : (1) After a reactivity step change
one has at first to wait for dying away of the
-flux transients mainly determined by the short 1i
ved neutron precursors. A quasi-equilibrium state
will be reached as soon as a furbher flux change
becomes neglegibly small within the control time
constant of the meter circuit. Under the measuring
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conditions at DIORIT correct meter indications wé
re obtained after about 15 to 30 minutes. The con
trol time constant describing the meter response-
behaviour was estimated to be about several minu-
tes. At a reactor with slow prompt neutron kineti
cs this Tigure may not be undercut since this ti-
me constant depends not only on the intrinsic set
but also on the zero-crossing slope of the polari
ty cross-correlation function which is again a fu
nction of the detector efficiencies. For the lat-
ter ones, we had favorable conditions. Opposite to
the demand for a fast response a reasonably small
variance of the meter indication is desired which
requires a compromise in the control time constant
set. (2) By the use of the polarity correlation t¢
chnique the meter characteristics are independent
from the selected amplitude range of the amplified
fluctuating detector signals. One-has only to be
sure that the amplitudes are suffieiently high in
comparison to the small hysteresis level in the
gign generator of each channel. As long as this-
is observed an amplification change during opera-
tion does not affect the meter display. (3) No.
The detectors are battery powered ( 900 V ) and
completely disconnected from the reactor mass by
an additional shielding line. (4) A period meter
of the normal reactor instrumentation does not
give any information at zero power when the rea-
ctor is in the steady state after shutdown. At ve
ry high power, one the period neter may work, the
detectors of the reactivity meter are withdrawn
from the core. So it is not possible to couple the
reasctivity meter to the period meter. There is al-
so no sense to do this because the purpose of the
reactivity meter is to monitor the reactivity of
the reactor when it is in the subcritical state.

1.G. KEmENY ¢ I would like to comment that we ha-
ve been developing the correlation function-zero
crossing method to assess subcritical reactivity
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on the HIFAR reactor of the Australian Atomic E-
nergy Commission for the past year on the basis

of proposals I made at a previous conference of
this type. What are your views on the influence
on a subcritical reactivity determination of this
type of (a) positioning of detectors, (b) changes
in background and source intensity as fuel burn-up
progresses, (c) interpretation of signals in the
very far subcritical region ? It seems to me that
the construction of the meter is relatively simple
compared to the fresh calibration need for start-
up according to one's personal interpretation of
the concept of reactivity.

¥+ SEIFRITZ : Unfotunately Dr Kemeny gives no re-
ference to his type of zero-crossing correlation
method. Thus, it is impossible to meke any compa-
rison study with our method. (a) During the shut-
dowm period our detectors are always positioned in
centre of the core to get maximum efficiency. Up
to now space dependences were not yet investiga-
ted. During normal reactor operation, the detecto
rs were of course withdrawn from the core ; (b)

At DIORIT and decrease both with progress in
burn up, the latter quantity a little faster than
the first one. A rough extrapolated estimate from
available data showed that a net increase of B/A
in the order of 207 may result after a complete
burn up of 17000 IWd/to. As mentioned in the ang
ver on the question of Dr Serdula, the core of
DIORIT is shuffled from time to time which inelu
des 2lso a recalibration of the zero-crossing vs
reactivity ; (c¢) At a step from a weak suberitical
state to the far subcritical region the correlated
neutronic information is dying away. The meter ré
ceives then nearly white noise. The analog feedba
ck circuit presented here is a proportional con-
trol with a smothing time constant. There exists

a small inherent trend to force the meter display
into a decreasing indication direction. But this
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will happen very slowly in time. The meter works
with a suffioient precision down to reactivities
of seven or eight dollars. It is not necessary
t0 measure in the more far subcritical region
with a high precision.

T. NOMURA : Yesterday I showed you a normal spe¢

tral pattern of BYR, But if something happened in
flow or structure etc., spectral pattern will be

changed. So, we need a lot of data anyway. I thi-
nk it is the stage. So, we need the data acquisi-
tion system which gets various pattern of BWR ve-
ry quickly. One of powerful ways by which the ano
maly can be found is to make cross-correlation bg
tween various signals, I believe.

I, SEIFRITZ : I agree. At the EIR-Vuerenlingen we
operate now the new OMNIFEROUS FFT real time ana-
lyzer from Federal Scientific Corporation which .
can meet these requirements.

J.0, UTHALCZ0 : (1) Can you comment on sensitivi-
ty of the method to spatial effect ? Have you ma-
de any measurements with detectors outside the co
re ? (2) If I recall your comment the zero-crossi
ng T vs reactivity , , it looks like it was asym-
ptotic at highly subcriticality which would mean
it would be difficult to make a precise measure-
ment. Can you comment on this ? (3) Did you make

. any corrections for neutron lifetime since in your
application boron concentration will change ? (4)
Your statement about coherence amplitude as best
method is not supported by the recent measurements
at ZPR-IX on the heterogeneous mockup at the FFTF.

V. SEIFRITZ : (1) An answer to this question has
already been given Dr Kemeny. We do not see any
possibility to use the method with out-of-core de
tector positions. (2) This is just a feature whi—
ch will make our method attractive. The zero-crog
sing correlation method is most sensitive in the
region of weak subcriticality where the reactor
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point model is also a good approximation. e would
like to remember the purpose of this meter as a sa
fety device to detect an unwanted slowly dispersed
approach to the critical state during reactor shut
down. ‘Je are never interested in a precise reacti-
vity measurement in the far subcritical reeion whi
ch is a difficult problem due to the interpretati-
on of the concept of reactivity. (3) ilo. The boron
concentration used are very small ( maximum 15 ppm
of natural boron ). On the other hand, it is true .
here vhat I just mentioned. (4) I meant that the

- simplicity of the evaluation of the statistical da
ta is the outstanding feature of the coherence am-
rlitude method. It is well-known that break-freque
ney method is sensitive to changes in the prompt
neutron lifetime and insensitive to changes in the
detector efficiency during shutdown, whereas the
coherence method is insensitive to changes in neu-
tron lifetime but sensitive to changes of detector
efficiencies. Thus, it depends on the specific si-
tuation.which method should be preferred.
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(41) Measurements of temperature fluctuations in a
gas—~cooled power reactor
C.P. GREEF _
( presented by M.J. BRIDGE )

The results obtained from measurements of thermo
couple noise signals from a graphite moderated gas-
cooled reactor are presented.

An overall survey demonstrated that in the fre-
quency range covered ( up to .15 Hz ), the reactor
behaved as a closely coupled system with no signi-
ficant phase differences between differemt parts of
the core. Furthermore, the temperature noise power
spectra could be divided into two distict frequency
regions in this range. In the lower part of the ran
ge the observed fluctuations were found to be due
to overall reactor power fluctuations, and in the
upper part to heat transfer coefficient variations.

A simple model of the noise processes in the rea
ctor has been developed and verified by considera-
tion of the transfer function between coolant and
fuel temperature.

The channel gas outlet thermocouple response,
which was required for reactor fault studies, was
measured by conventional rod oscillation techniques
and noise analysis using both intrinsic fluctuatio-
ns and refuelling transients. A comparison of the_
results showed that noise analysis, especially usi
ng refuelling transients, was capable of replacing
the rod oscillation technique. This gave the advan
tage of not interfering with the normal operation
of the reactor, reducing the experimental time and
extending the frequency range of the measurements.

DISCUSSION

W. SEIFRITZ : At low frequencies ( when measuring
fuel time constants ) it is a good assumption to
adopt the point reactor model since the core is
sufficiently coupled. What is your feeling to ap-
ply your method to a test bundle of GCFR fuel pins
with roughened surfaces ?
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M.J. BRIDGE : We are considering trying the tech-
nique on AGR reactor fuel which has steel cled fu
el pins with roughened surfaces.

D.N. FRY : How often you measure outlet thermocou
ple response using the technique you have outlined
in your paper?

M.J. BRIDGE : Thermocouple response times have 'be
en measured routinely using the rod oscillation _
technique. The use of temperature noise during ré
fueling has now been accepted and is now being u-
sed on a routine basis.

G. KOSALY : As you mentioned in your presentation
the frequencies you are considering are much smal
ler than the inverse of the transit time of the
coolant through the core. Therefore the non-point
model like behaviour of the temperatures seems
not to be an axial but a radial effect. I would
suspect that it comes from the fuel where a spa-
ce dependent treatment should be used rather than
a one-point model.

M.J. BRIDGE : Yes, I agree that the single region
representation of fuel in the temperature equati-
ons is likely to be inadequate. At present we are
investigating the effect of subdividing the fuel
and moderator in the model.

R.J. COX : I feel the considerable discrepancies
in the moderator reactivity coefficient and time
constant needs comment. In some of the Magnox re¢
actors the reactor fuel is enclosed in a graph:.-
te sleeve. These reactors \show mich faster re-
activity-moderator effect than the other reactors;
with this fagt effect being a large fraction of
the total moderator effect. These sleeves act as
if they are almost thermally insulated from the
mass of the graphite and because of the close prg
ximity of the fuel to these sleeves they contribu
te by a large proportion of the moderating effect.
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1 am sure your proposal to model the graphite in
a series of annuli would give much better agree-
ment with experiments. Also I feel I should com-
ment that the DRAGON High Temperature Reactor di
splays a fluctuation in gas flow patterns between
the six gas coolant circuits. This can result in
fluctuation of the gas temperature rise along a
fuel channel of the order of 20°C as well as dis
playing small filaments of very high temperature
gas in the outlet gas ducts. These effects occur
in spite of a large gas settling volume above the
core. We also saw evidence of this. type of flow
pattern instability in the early Calder Hall Ma-
gnow power stations. It could well be occuring in
your reactor and would cause large temeprature no
ise levels at the very low frequencies.

M.J. BRIDGE : The existence of slight flow insta
bility in the Berkeley reactors has been found.
This was inferred from the phase relationship be
tween temperature signals in different parts of
the core. The effect is however very small, cer-
tainly less than 1°C .
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(42) Relation between nonlinear or not-linear cha-
racteristics in nuclear kineties and noise
analysis of neutron flux -

H. KATAOKA

The 'not-linear' or 'second-class linear' chara
cteristics in nuclear reactor kinetics combine with
the feedback effect in the high-power operation and
induce the increase in the amplitude of the neutron
flux noise, especially in the very low frequency r¢
gion,

The author and his colleagues investigated the
fundamental behaviour of 'not-linear' characteristi
cs and its effect for the reactor noise.

The application of the reactor-noise-analysis
technique to power reactors has not been fruitful
because of unknown large disagreement between the
result of the conventional theoretical analysis and
the experimental facts.

As soon as the cause of this discrepancy gets
well clear, the reactor-noise-analysis techniques
can be effectively applied to instrumentation, con-
trol, monitoring and diagnosis of power reactors.

DISCUSSION

U, WESSER : You start your treatment with the one-
point kinetics equation and this equation is not
the correct one to start with. You should attack
the problem through the neutron transport equation.
Thus, from the application of an incorrect equation
you cannot expect to derive the correct transfer
function !

H., KATAOKA : As I mentioned in my presentation, the
re are despairingly large disagreements between the
calculated values by conventional noise theory and

the experimental facts in very low frequency compd
nents of reactor power at high power. And this cir
cumstance still remains unexplained in spite of all
the efforts. Then it is difficult for us to apply

reactor noise analysis techniques in diagnosing nmu
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clear kinetics of power reactors with high relia-
bility. The classical reactor noise theory stands
on many important assumptions : all of these seem
to be reasonable for zero-power reactors but very
suspicious for power reactors. They are :

— Markoffian process and stationary state
- purely linearized muclear kinetics and
Langevin's equation

spacially one-point model

white noise source for reactivity
Gaussian distribution of noise amplitude

Maybe, the consideration of a spacial distribution
effect is also important and many scientists have
mentioned this problem. But, in spite of their ef-
forts the cause of the abovementioned discrepancy
still remains not clear : and then we have to con
sider another factor too. Since many other scien-
tists' works will be expected for the spacial di-~
stribution problem, my mission should be to attack
from another point, that is, not-linear or nonliné
ar kinetics problem. To make the lines of a compli
cated problem clear, we better attack each side of
the problem separately, and not many sides at the
same time. Perhaps the consideration of all the abo
vementioned problems will be necessary in a final
stage for completing reactor noise theory at high
power. The applicability of Markoffian process and
stationary state is also suspicious now but we do
not have much time here to talk about them. Anyhow
I am sure it is time for us to overcome the limita
tion by linearized kinetics and Langevin's equation
and I am very pleased in finding many excellent sci
entists are going to investigate from the same v1ew
point of mine like prof Akcasu, Dr Karasulu, Dr Ke—
badze and Dr Gotoh in this very meeting.

D.M. SHVETSOV : What are the main practical benefi
ts we expect from power reactor noise studies ?

H., KATAOKA : This is a very well-timed question.
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In my presentation, I said that noise analysis te¢
chniques are established for zero-power reactors
and have been often applied effectively : but this
does not mean that they are absolutely important
for zero power reactors. Reactor noise analysls
techniques are surely useful for zero power reac-
tors but in the case of zero power reactor diagno
sis we have many other diagnostic tools. For exam
ple, the use of a reactivity imposed signal is u-
sually very easy for zero power reactors. We can
apply the so called 'ringing method', i.e. study
of the response to imposed unit-function input,
pile oscillator method, imposed pseudo-random si
gnal method and so on as well as inherent noise &
nalysis techniques.

In general, the following merits of use of in-
herent noise analysis techniques are not absolute
1y necessary for zero power reactors :

- practicing the test without imposing any
disturbance

- carrying out the experimental test in a rather
short time

wven the diagnosis of the inside condition via
the disassemblying of the reactor and the assembly-
ing of it again is not impossible for a zero power
research reactor, if this is necessary effective
and important. I do not say this is always easy but
I can say this is not impossible and sometimes ve-
ry easy depending on reactor types. Thus inherent
noise analysis techniques are just as important as
many other techniques and not absolutely important
for zero power reactors.

l"ore specifically the merits of use of inherent
noise analysis techniques are absolutely fundamen-
tal and benefitial in power reactors because other
techniques are difficult to be applied in power re
actors. Operators and supervisors of commercial po
wer plants usually do not like to have additional
disturbance to be imposed on their reactors even
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for diagnostic purposes. In order to carry out
smooth useful and safe operation of power reac-
tors, I would like to make inherent noise analy-
sis techniques useful for analysis of reactor ki
netics and diagnosis of inside conditions in the
reactor.

L.G. KEMENY : As I understand Dr Kataoka's work,
what he is really saying to us is that - from the
models he has developed - the reactor acts as a
nog—linear filter to applied stochastic perturba
Tions. From the theory of signal analysis it would
then follow that non-gaussian stochastic signals
representing feed-forward or feed-back perturba-
tions,applied to reactor models , will be ampli-
fied or attemuated according to the characteristi
cs of such a non-linear filter.

This certainly appears to be a logical approach.

Whether the magnitude of such effects is really si
gnificant could perhaps be assessed by some analog
or digital simulation experiments.

H. KATAOKA : I guess Dr Kemeny would like to know
power levels and other operation conditions and
parameters in the experiments mentioned in my pre
sentation. As I wrote in my paper, operation leve
1s are 40 KW , 100 KW and 80 KW for JRR-1 , KUR
and HTR. I used 0.02 8k/full power as power coef
ficient to reactivity for BWR type. This value se
ems very reasonable and fits to the values in many
other papers on the same reactor. For two reactors
of swimming pool type I reasonably calculated by
myself power coefficient to reactivity based on
the data written in references (12) and (13).
Regrettably and unfortunately I am falling into
very severe difficulty, because all these reactors
have been operated usefully longer than 10 years
and are retired or close to be retired now. BWR
types are already retired and one of the swimming
pool types will be retired next March. Then, it is
difficult for me to check or investigate again the
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data of operation conditions and parameters of
these reactors. I would like to get Dr Kemeny's
advices in a more complete way : but time is short,
Let us continue to talk about them later on.
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(43) A fast response thermocouple for temperature
ﬂ.uctuation measp.rements in sodium coolants -
H. BUNSCHI and W. SEIFRITZ

A special chromel/alumel thermocouple was fabri
cated whereby the bare ends of the wires were fixed
gbout 1 mm apart. In a medium with good electrical
conductivity ( e.g. liguid sodium ) the junction
of this thermocouple is replaced by the medium it
self. Hence, a fast undelayed response is expected.
Experimental data for this device compared with cor
responding dynamical data for conventional thermo-
couples will be presented. While the mean tempera-
ture of both elements are in good agreement, the
time constant of the open element is considerably

smaller.,
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(44) Correlation analysis of the enviromenmtal in
fluences of the radioactive Argon releases
from the plume of the reactor DIORIT -

K. BEHRINGER, D. FEUERMANN, L. KOSTIC,
W. SEIFRITZ

The influence of meteoralogical parameters ( such
as e.g. wind speed, wind direction, vertical tempera
ture gradient ) on the gamma dose rate from the plu—
me of the 25 MW heavy water reactor DIORIT was stu-
djed during a one-month period by means of correla-
tion analysis.

A snnple model composed of linear superpositions
of the various effects was assumed. The meteorologi
cal time records represent nonstationary random rrod
cesses. To obtain useful information, the time sam-
prles were divided into samples of one-day period.
Mean values, standard deviations, covariance functi
ons, partial and mult:l.ple correlation coefficients
were calculated using the ensemble averaging techni
que, Results will be represented.

DISCUSSION

1. EDELMANN : Is there any theoretical model which
justifies the selection of independent sample reco-
rds ag you did it ¢

W. SEIFRITZ : Nonstationary random data represent

a class of random data whose statistical properti
es change with time. Therefore, mean values, stan
dard deviations, covariance and correlation coeffi
cients are also functions of time. We wanted to

see how these gtatistical parameters change during
a period of one day. It was necessary to gather sa
mple records of the same one-day period and to use
the ensemble averaging technique. The one-day peri
od was detected to be a fundamental period in the
experimental data. Heuristically it is obvious that
a day is a typical period in the metereological scé
nario, too. I do not know what you mean when you
say 'theoretical model' but I answer you that our
process makes it absolutely necessary to apply the
methods of the analysis of nonstationary nonergodic
data.
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J.A. THIE : Would you care to speculate how this
excellent treatment you have given to this diffi-
cult problem of nonstationary data analysis in or
der to determine site boundary doses might find
applications ?

W. SEIFRITZ : The application of this method in
the future is certainly directed to the forecast
of the gite boundary doses of muclear power plan
ts. In analogy to the well-kmown weather foreca-
sting system, a similar ' gamma~dose rate foreca-
gting system' in the vicinity of rmuclear power _
plants ( or reprocessing factories ) may be reali
zed. Presently, this work is only a first step in
to this new field. More extensive research is re-
quired. Computerized data handling and theoretical
models must be introduced and developed.

H. KATAOKA : Dr Seifritz, I highly appreciate you
extended application of noise analysis techniques
into envirommental safety fields. To detect A 1';

you used only gamme detectors I As well-known, we

can apply beta detector for A 1 £00. If the chim-
ney is high end so usually A%! flows highly,gver-
heed, it seems difficult for us to detect A4y

beta detector. But I em sure occurrence of turbu=-
lence or d:lstur‘baxﬁe of air condition make us pos
gible to detect AY' bY beta detector even located
on the ground near the chimmey. If weather condi-

tion or wind condition is so stable in Switzerland,

T can understand application of beta detector is

useless. Anyhow I would like to kmow the conditions

of your investigation a 1ittle more clearly.

W. SEIFRITZ : Flease remember that the crucial qu-
antity, which has tobe monitored due to safety re-
asons, is the gamma dose rate %o determine the who
le body irradiation. Thus, there is no interest to
kmow the concentration of the Ar-41 on ground le-

vel, Outr high-pressure chamber 'sees' only the gam
mas from the Ar-41 of the plume. Of course, it wou
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14 be addiational information to know the concen-
tration of A-41 itself. But in practice this is _

not necessary because the biological hazard poten
tial of incorporated Ar-41 is of minor importance.
On the other hand, a beta-gamma correlation could
help to check certain distribution models for the

plume. But this kind of investigation was outside

the scope of our work.
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(45) Heat transfer time constant of a fuel pin
determined by noise analysis -
E. ROBINSON

The heat transfer time constant of a fuel pin,
inserted in a light water reactor, is detrmined by
cross~power spectral densities measurements, utili-
zing power reactor noise.

The phase of a measured transfer function bet-
ween reactor power fluctuations and the signal of
a centre oxide thermocouple in a fuel pin is inter
preted by a point model of the temperature dynamics
of the fuel rods The effect of the time constant of
the thermocouple is also considered. The model is
shown to be adequate in the analyzed frequency re-
gion.
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(46) Investigations of the influence of feedback
and coupling effects on neutron noise in a
nuclear reactor -

W. VAETH
( presented by M. EDELMANN )

The neutron power spectral density of power rea
ctors is influenced by many parameters. These can
be summarized into two groups. The first being rea
ctivity perturbations whose statistical characteri
stics are unknown in most cases, and the second be
ing various feedback and spatially dependent trang
fer functions. In the case of all effects being si
multaneously present, which is the case for power
reactors, it is extremely difficult to understand
the spectra in detail. However some of the reacti-
vity perturbations and their influence on the neu-
tron noise in large power reactors can be simulated
in a zero power reactor. In this way the effects
can be studied more flexibly without the interferen
ce of other effects.

This paper describes investigations of the influ
ence of a known feedback -~ namely a control loop
with known transfer function - on the spectra of neu
tron chamber signals. Theoretical formulas for the
spectra are derived using the point reactor model.
‘Thse formulas were verified by noise measurements in
a zero power reactor. In addition special attention
is given to the noise generated by the control loop.
The influence of this feedback noise on the spectra
is verified experimentally.

In large reactors space dependent transfer func-
tions must be taken into account. As a first appro-
ximation to handle the spatial dependence, the afo

re-mentioned investigations were extended to the Two-
point reactor model. Corresponding experimental work
was done for the Argonaut Reactor Karlsruhe (ARK)
with a symmetrical two-slab core loading.

As an application to a more realistic situation
coolant boiling in a BWR has been investigated. The

174




boiling must be considered as a feedback mechanism
as well as an external reactivity perturbation. In
order to simulate the steam bubble content, nitro-
gen gas was injected into the water-moderator of
the ARK. By modulating the total gas flow according
to the momentary reactor power the feedback effect
was similated. The gas flow produced a band limited
white reactivity noise. The upper break-frequency
could be used to determine the travelling time of
the bubbles through the core.
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FINAL SUM-UP OF THE MEETING

FARINELLI : I have a bad habit. I like to ask questions.
I have already been asking some questions at the begin-
ning of this meeting in my introductory remarks and I
think that the answer to at least a good part of them
is included in the reports that have been presented at
this meeting and in the discussions that have followed
their presentation.

I should like to have a sum-up of some of the conclu-
gsions as far as power reactors are concerned : which is,
I believe, for all of us the future if not the present.
Essentially I wish to iterate some of the most practical
questions. They are :

(1) What are the motivations, the state-of-the-art
and the possible developments of power-reactor
noise-analysis as a tool for obtaining operatio
nal information on the systems ? In particular:
what are the indications for basic instrumenta-
tion to be used during standerd operation ?

(2) What are the contributions of noise-analysis me
thods to safety monitoring and early detection
of malfunctioning

(3) What is the status of identification of noise
sources ?

I should like to ask these questions separately for the
different types of reactors. I have tried to identify
some specialists that could actually break the ice to

a general discussion.

So, with regard to light-water reactors, I think we are
going to need two ice-breakers, one for PWRs and one for
BWRs.

I believe that Dr. Thie is going to say something about
PWRs.

THIE : I think I shall start and then pass the baton to

Dwayne Pry. To answer the three questions that have been
brought up, I should say :
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(1

(2)

(3)
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About the impact of noise technology near-term
on plant instrumentation, I would guess from
what I heard here that we are ready for a con-
trol room display of core barrel motion in PWRs.
How the operators are going to interpret this
display, I will not comment here on.

About safety and monitoring I think there is 1i
kely to be increased noise data in start-ups :
this is the opportune time and the increased ap
plications that are coming along indicate that
start-up teams may incorporate noise measuremen
ts more and more in PWRs - perhaps for no other
reason than to obtain some empirical baselines.
Furthermore I think we have noticed in the USA
the appearance of regulatory requirements for
actual monitoring, such as weekly or monthly,
with documentation of this being required by
law. This concerns the USA, and I am not talking
about other countries. An impact on monitoring
might be coming about from utility initiatives
in the case where the utility sees a chance to
forestall a shutdown. If a noise expert can co
me in and keep the plant from shutting down by
monitoring something that is causing trouble ,
the utility will welcome him with open arms.

In regard to further research on noise sources
in the case of PWRs, I think there si a need to
establish action limits for these monitoring re
quirements of control room displays. Research is
needed on what criteria we should apply for acti
on, what reliability should be expected and so
on. Finally, regarding the status of theory, we
are not yet at the point of a priori calculating
in absolute units auto- and cross-power spectral
densities of all chambers, pressure sensors and
temperature sensors. In PWRs I think this moment
is on the way but there is a big area for theore
tical development. I guess other comments on PWRs
might be in order before we switch to BWRs.



SEIFRITZ : Dr Thie, do you a real neceassity for the

installation of specific instrumentation in the con

trol room for monitoring core barrel motion ? I mean
doing this operation routinely not only in the case

of suspicious symptoms.

THIE : My answer is yes, from the sta.ndpoint of pro
tecting yourself against the probability of a malfun
ction. There has been 2 history of thermal shield pr
oblems and also of loosening of bolts in core barre-
1s. Statistically in a 40-year life of several hun-
dred reactors one might expect that again.
Congidering the amount of money that one could save
if he is the one coming up in the future that is go
ing to have the incident, I think he would shead if
he had prior experimental knowledge via a history of
control room data logging of his core barrel behavi-
or before the accident occurs.

But it is almost a certainty that between now and
when all of us die, there will be another core bar-
rel incident of the order of Palisades. I would bet
on that.

KATAOKA : As long as I understand, such kinds of mo
nitoring techniques for safety are not only necessa
ry for the future but indispensable today. Japan has
& basic and severe social problem : public does not
understand safety of nuclear power plants.

Perhaps social conditions are not quite different
from those of USA and many other countries. In this
case for muclear scientists and engineers the effort
exists now of (1) keeping inherent safety of nuclear
reactors, (2) preserving the population after a big
trouble occurred. But I am sure one more important
effort should exist, that means, diagnosing the rea
ctor conditions and practiecing preventive treatments.
In order to make people forecast malfunctions and po
tential failures of nuclear power plants and protect
the facility from occurrence of a big trouble, we
must develop various kinds of monitoring techmniques
to make people preventively pay attention to reactor
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phenomena through some useful methods like noise
analysis techniques.

Then all people would be in the condition of under
standing that nuclear power plants are quite safe
for themselves and would appreciate serious efforts
of nmuclear scientists and engineers.

Hereby the development of nuclear power would be
carried out more smoothly than in the present situ
ation.

THIE : I take your position in support of noise a-
nalysis. One other thing came into my mind in ans-
wering Dr Seifritz question. We have noticed in the
control-rooms the turbine monitor chart with lots
of vibration readings and criteria for interpreting
these and so on. The turbine is a fairly big monstr
osity and is accepted historically that one must mo
nitor its viabrations : I think the core barrel is
a comparable monstrosity ( maybe because of its co-
st and size, if for no other reason ). You might by
analogy be interested in its vibrations.

EDELMANN : In my opinion too little effort has been
so far dedicated to the specification of incidents
and failures which should and could be monitored by
noise analysis. We should define which malfunctions
have to be studied with high priority and which ones
are of minor importance.

In other words, we should concentrate on the most
important noise sources and the noise analysis tech
niques most snitable to detect them under typical
conditions of power reactor operation.

As an example, I would like to point out that for
a sodium cooled fast reactor such failures have be
en identified. For instance, local loss of coolant
has serious safety implications. This leads to a
strong motivation for investigating sodium boiling
effects and neutronic and acoustic noise cross-ana
lysis techniques for detecting boiling in LMFBRs.

I feel that we should have such sort of classifica
tion of incidents also in light-water reactors.
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FARINELLI : Should we move on to BWRs ? I believe that
Dr. Seifritz is going to be the ice-breaker for BWRs.

SEIFRITZ : As far as BWRs are concerned, I believe
that in the last five years the activity in the noi-
se-analysie field has been concentrated on the space
dependent behaviour of noise inside the core. It se-
ems to me there are three main features that came out.
They are :

(1) The NRMS value as a function of the axial core
height, which for a point-reactor model should
be a constant, has been observed in different
reactors now to have a definite shape : a li-
near increase in the lower part of the core
that saturates to a constant value in the up-
per part. It is a consequence of the simple
fact that in the upper part of the core the re
lative noise amplitude is larger than in the
lower part of the core.

This behaviour has been experimentally obser-

ved in four reactors : the Lingen reactor (Ger
many), the Fukushima-1 reactor (Japan), the Ga
rigliano reactor (Italy) and the Muhleberg re-
actor (Switzerland).

(2) The PSD function amplitude at high frequencies
increases for increasing axial core-height po-
gition of the detector. This fact has also been
observed in the four reactors I have mentioned
earlier.

A theory has been developed of this spatial de
pendance : it deals with a local effect and a

global effect.

Actually point reactor theory states that the

PSD function should be independent from the de
tector position in the core.

Practically things seem to behave in a diffe~

rent way.
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The global part takes contributions from all
over the reactor and consists essentially of
the low-frequency portion of the PSD function.
On the contrary, the local part is affected by
the detector position and contains the high-
frequency portion of the PSD function.

At this point, let me few words on the instrumentation
now available for noise measurements in BWRs. Not only
small mini fission-chambers, which are installed insi-
de the core, but also ion-chambers located in the out-
er part of the reactor are suitable. for neutron noise

analysis measurements in power reactors.

In the last years it. could also be shown that self-po

wered neutron detectors are suitable. This fact is not
trivial because the sensitivity of these detectors is

very small: but could demonstrate that these detectors

work. Not only the usual V ( Vanadium ) and Rh ( Rho-
dium ) emitters have been used but also prompt-respon
se Co ( Cobalt ) detectors, Hf ( Hafnium ) detectors:
they have the capability of seeing mostly fast neutro
ns, instead of thermal neutrons. Hf has in fact a re-
sonance structure in the higher-energy range. And Ac

(Actinium) detectors have been used predominantly by
Canadians. These detectors see, beside neutrons, al
S0 gammas.

Beyond these neutron-sensitive detectors we used and
applied also gamma-sensitive detectors. Mini ioniza-
tion chambers by Westinghouse have been adopted with
an active length of 8-10 cm : these data have not be
en published yet. It is important to say that one can
derive the same information either detecting gamma no
ise or detecting neutron noise.

(3) A correlation field exists in BWRs, specifical
ly an axial correlation. The early detection,
in 1971, in the old Halden ( Norway ) reactor
actually showed an axial transport effect. The
observation has been transferred to other BWRs
and the movement of steam bubbles has been stu
died, in time and frequency domain, in reactors
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at Lingen, Garigliano, Pukushima, Muhleberg and
in the Oskarshamn-1 reactor ( Sweden ).

Tt seems also that in BWRs it is possible to me
asure axially dependent steam velocity. Now the
question is, of course : how to measure the slip
ratio, because one has to measure the water ve-
locity, independently. At this point it seems

to me that this is not possible in a power plant:
it is possible in a test loop but not inside a
reactor.

So, these are the three main objectives concerning
BWRs.

I also see an urgent need for the installation of
a safety monitor system. Last year,I proposed to use
measurements of steam bubble velocity as an on-line
method to survey the conditions of the coolant flow
in BWRs.

I believe in a final necessity, at this very moment ,
for a full-scale cooperation between theoreticians and
experimentalists.

FRY : I think there is another problem that we need to
tackle in the BWRs. Dr. Thie mentioned that these plants
are built to operate over a period of 30-40 years. I be
lieve we are going to face mechanical problems in BWRs
gimilar to those we have experienced in PWRs. Not of
the same type, because the construction isn't the sa-
me. In the past several years we have already experien
ced a couple of mechanical problems : in the Muhleberg
reactor and in the Vermont Yankee reactor. I believe
there were problems with the control shrouds : they we
re mechanically related.

I also believe that the most important problem we have
to tackle in BWRs is to separate the mechanical type

of noise from the boiling noise. It seems that we are
beginning to get a pretty good handle - both experimen
tally and theoretically - on the influence of the boi
ling noise on the neutron spectrum.

We should extend these studies to separate these ef-
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fects and understand better the mechanical influence
on the spectrum. I think that the long-term applica
bility of the neutron noise will be in BWRs - pretty
mich the same as in PWRs - to detect mechanical mal

functions inside the core, where we cannot place me
chanical detectors.

SEIFRITZ : What Dr. Pry says is true, but so far in
BWRs an experiment is missing as the core barrel ex
periment in PWRs. In BWRs a single physical process
has not been isolated yet.

FRY : What I say is that we may have seen something
in the two mentioned reactors if we had been perfor
ming neutron noise analysis. So it is my opinion that
we at least ought to start acquiring some data from
these reactors. And I propose pattern recognition or
trend analysis techniques as a possibility where we
can leave the system unattended at the reactor to ac
cumulate and catalog spectra and keep these available.
And when an incident, like the one happened in Muhle
berg and in Vermont Yankee occurs, we will have a si
gnature to see if neutron noise is sensitive to the-—
se techniques and whether we can extrapolate to other
BWRs.

To me this is the only hope in terms of determining
the sensitivity for mechanical malfunctions.

This is, I believe, the most serious initiative right
now other than a good understanding of reactor back-
ground noise which we are making a good attempt at al
ready.

We cannot put noise analysts at the plant 24 hours a
day to look at these data : I think automated algori-
thms, that will at least catalog and cluster these
spectra, are needed to accumilate data according to
normal situations and abnormal situations.

BRIDGE : I would comment that abnormal operation is
by its very nature unexpected and unpredictable : so
we should have all noise methods available as on-line
records, as Dr. Fry says.
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Ve cannot draw up a priority list of faults as sug
gested by Dr Edelmann, because we do not know what
might occur. We need all the means available %o de
tect and diagnose any unpredicted fault.

KEMENY : Automatic, computer-based pattern recogni
tion techniques will accelerate the acceptance of
noise analysis as an on-line monitoring technique
for power reactors.

We have no power reactors in Australia but the Noi
se Analysis Laboratory of the Australian Atomic E-
nergy Commission has been monitoring fuel element
vibrational spectra from the 11 MW research reactor
HIFAR and storing these, on a routine, on-line ba
gis for many months.

In principle such patterns, especially when combi-
ned with neutronic and temperature signals, could
uniquely identify each fuel channel in a power re-
actor, log its complete life history and actuate
emergency shut-down procedures if and when requi-~
red.

SEIFRITZ : It seems to me that Westinghouse and Ge
peral Electric are both going in this direction.
Dr Rajagopal told me that Westinghouse, for instan
ce, developed very sophisticated monitoring systems
to survey the entire reactor plant.

FRY : This is true with Westinghouse, at least in
the area of safety. But General Electric people a-
re not performing serious and comprehensive noise
records on their power plants. And they are not pe
rforming very much neutron noise analysis. In fact,
that is the reason why we got involved in the pre-
sent measurements at Browns Ferry.

SEIFRITZ : I think I understand why. In fact, Gene
ral Electric BWRs are very noisy, I mean mechanica
1ly noisy from the pumps.

SHVETSOV : It seems to me that it is hard to deci-
de a priori which kind of parameter to study and to
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observe in all different reactors. You may look so
metimes after other sources of noise rather than
neutron noise.

SEIFRITZ : I agree with Dr Shvetsov but I think it
is more convenient to study a combination of neu-
tron noise and other noises.

KEIENY : How about studying structural mechanics ?

SEIFRITZ : In this case, you would have to instru-
ment every pin bundle and this seems a hard task
to me.

KATAOKA : Dr Nomura's company is responsible for
construction and maintenance of BWR type power pla
nts in Japan and yesterday he presented data from
various kinds of important experiments about BWR
noise, that is, minimum-fuel eritical experiment

of Fukushima-II , the results of noige analysis of
Fukushima-I in the normal-operation condition and
S0 on.

Pukushima~I seems to have been operated very smoo-
thly without any trouble, but in fact slight faults
sometimes occurred in it, although they were not se
vere. I guess Dr Nomura is to =pply his diagnostic
techniques by means of noise analysis also to the
commercially operated condition of Fukushima-II and
moreover both for start-up tests and commercial ope
rations of many other power plants of BWR type in
the future. I am sure he will presemt some comments
about this problem.

NOMURA : Yesterday I showed the normal pattern of

signal in BWRs. But if the flow gets abnormal, it

affects the neutron signal and fluctuations. So,as
I said yesterday, it is important to get familiar
with the normal noise spectra pattern.

This means that one has to collect a great amount

of data to store the correct information. For exam
ple, structural vibrations may occur in a in-core

monitor : if you have normal operating condition
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data you can by comparison tell what is happening
in the reactor.

SEIFRITZ : I understand the point perfectly. But if
a deviation occurs from the normal pattern, what a-
re you going to do ?

NOMURA : If it is a peak in the cross-spectra betwe
en flow and neutron or pressure, we know what it is.

KATAOKA : As Dr Nomura mentioned now, comparing no-
ise patterns of normal conditions with those of ab-
normel conditions is useful for practicing power-re
actor diagnosis by means of noise analysis technig-
ues. Moreover, experiencing abnormal conditions, ac
cumlating the data of noise patterns of various ca
uses of abnormal conditions, and comparing these no
ise patterns as reference standards with the noise
patterns of abnormal conditions, which will occur he
reafter, may be effective for identifying the sour-
ce of the abnormal conditions.

SEIFRITZ : In principle I agree with you. But the re

actor operator is not an expert in noise analysis.
So he is not able to judge the gravity of the situa
tion. A noise analyst has to teach him what to do
in an abnormal situation.

FRY : The current philosophy in US concerning PWRs

ie this. They have a core barrel motion display chart
in the control room. There are limits set on which
the alarm has to sound or at least the yellow caution
line goes up. Operators are required to notify the
people in charge so that the noise diagnostics team
comes in to determine the actual source of noise.

I think the same criteria can be used in BWRs : in
stall a continuous monitoring system which is looking
at few selected neutron detectors and let the noise
analyst himself establish how much he thinks the noi
se ought to change before he wants to be notified to
come in and to perform the on-line diagnostic measu-
rements suggested by Dr. Nomura . The full complement
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of cross correlations with other signals in order to
diagnose the reason for this change in the noise.

I think this is the only approach that we can take
to begin with : we cannot establish shutdown limits
but action limits, as suggested by Dr. Thie.

It is our job as noise analysts to establish what ac
tion limits are adequate. When we would like to be
called : this is the first action limit to establish.

SEIFRITZ : Yes, I agree with you but there is a aif
ference. In PWRs you have a crearly defined physlcal
effect and understood so far ( i.e. the core barrel
motion ) so that you can design special equipment
which detects only this effect, its amplitude and
other characteristics.

In BWRs maybe you can do something similar by obser-
ving the transit time of the steam bubbles via two
detectors located at two different axial positions :
and if you have a deviation from the ordinary transit
time you can say for sure that something is changing
in the coolant flow inside the reactor.

But there is no other effect in BWRs that is compara
ble to the core barrel motion in PWRs.

So one has still to look after the physical origin
of this or that effect, to recognize it before fi-
nally designing and installing a surveillance meter
on that effect.

FRY : But I don't think that anybody anticipated the
core barrel motion in PWRs as a possible abnormal ef
fect. The idea came after observing neutron noise dg
ta by Dr. Rajagopal at Westinghouse.

And, after that, some people diagnosed the same kind
of effect at Palisades.

I still think that the same approach can be used for
diagnosing malfunctions in BWRs : without speculating
a priori on the nature of the effects one is to ex-
pect.

BUTTERFIELD : There seems to be a neglected way of
identifying the character of noise signals. Has any-
body tried to listening to them through a loudspea-

190




ker ? Has anybody any experience of this ? The hum
an ear is inecredibly sensitive. I don't believe that
any noise analysis between television sound and a
kid next door playing violin could tell them apart.
The human ear can do that very easily.

I know it is not completely satisfactory relying on
ly on listening but I suggest it as a useful line
of possibility. It does not go to very high frequen
cies but there are forms of demodulation.

So, if you hear something like bong-bong--—-—-- bong-
bong-———-~ bong-bong going on, it can be something si
gnificant : maybe not devastating, but significant.

KEMENY : Sonic monitors have been used extensively
with radiation detectors and other instrumentation
for some time.

The main problem in this area seems to be that much
of our reactor noise is in the sub-sonic or super-
sonic band widths. Demodulation or frequency shift-
ing by some tape recorder record/play-back technique
could over come this.

However, to escape & very real 'moise pollution' pr
oblem inside otherwise environmentally pleasing nu-
clear power reactor comtrol rooms, we would require
a staff of ten or more people seated near the shift
supervising engineer, a1l equipped with earphones
doing absolutely nothing but listening ! One suspec
ts that their working lives would be short and their
promotion prospects not attractive !

SAITO : When we make a rather long period of experi
ence of operation on a particular reactor, we can
have many patterns of the PSD of the reactor under
normal operation. And if we have a large computer
for on-line processing, we can make the comparison
of the just obtained pattern with the previous ones.
But the actual, normally operating core emits only
a restricted range of patterms. So I think it is ne
cessary to build up an appropriate theoretical mo-
del of the core and make an off-line computation to
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have previously various patterns which are possible
to appear.

KATAOKA : Whe we compare what Prof Saito told now
with what Dr Nomura told just before, I can see th
at we have here two directions to go under the pre
sent situation in which power-reactor-noise theory
is not established yet.

Such two directions were already mentioned by Prof
Farinelli in his excellent introductive remarks and
I would like to interpret them in my own way.

One is to experience the operation of actual power
plants as much as possible, accumlate the data both
of normal and abnormal conditions, and practice the
previously mentioned diagnostic methods.

Another is to make best efforts both by theoretical
and experimental investigations to establish at le-
ast the fundamental principle of the theory as quic
kly as possible, and, after that, to practice analy
sis and diagnosis based on this foundation.

Now many Japanese reactor scientists and engineers
seem to be absorbed into study on the former stand-
point, including Dr Nomura and his group. This sta-
nding has reasonable points, because actual power
rlants often bring about unexpected faults from re
asons beyond our preliminary studies.

Fortunately or unfotunately, abnormal conditions oc
curred just very rarely at Fukushima-I, and then it
is still troublesome for Dr Nomura to get the data
of reactor noise patterns at abnormal conditions.
To tell the truth, I would rather choose the latter
standpoint and I am sure it is a scientist mission
to prevent the fault from occurring and giving seve
re damage, without suffering actual experience of
severe damage. But now in Japan people with these
thoughts belongs to the minority group, even inclu-
ding powerful and influence scientist like Prof Sa-
ito and majority members are absorbed in empiricism.
Of course, there are many grades of combination and
several types of compromize between the above-men-
tioned two principles.
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SEIFRITZ : There is a2 point that we forgot complete
ly. This is the inspection of the pressure vessel du
ring the shutdown at the begimning of the fuel cycle
by using a new method called 'stress wave emission
technique'. It uses the very high frequencies emit-
ted by cracks in the pressure tubes : special micro
phones made out of piezocrystals, having a frequency
renge up to 1 MHz, can detect and signal the presen
ce of cracks. It is a pity that nobody reported of
this technique at the meeting.

GREEN : Dr Seifritz might be interested to hear that
we are now using the stress-wave emission technique
he mentioned to look for cracks in pressure tubes of
one of the Pickering reactors.

FARINELLI : Shall we move on to heavy-water reactors?
The icebreaker of this section is going to be Dr Ser
dula.

SERDULA : First of all I would like to make a comment.
Hearing Dr Kataoka's paper this morning made me ref-
lect on the status and history of 'reactor noise'. In
the early days of 1945 and 1946, before my time in
the field, people were using what was called a pile
oscillator in a zero-power reactor to determine neu-
tron ‘absorption cross-sections of materials. I can on
1y surmise that at the time sophisticated computer co
des, kmowledge of absorption cross sections and mate
rial analysis capability were unavailable. So neutron
cross-sections were determined to a few well-known
standards.

Note the analogy with the proposed signature analysis
concept to be used in noise analysis today where spec
tra are compared again to standards. .

In 1947, at Chalk River, Dr Rumsay published a paper
on the effects on non-linear kinetics in pile oscilla
tor measurements. This morning we had a paper on non-
linear effects in the interpretation of power reactor
noise. I think I see an analogy here and probably this
is a question. Are we in a similar development phase,
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maybe a bit further, in the determination of power
reactor noise sources as was the development of de-
termination of cross-sections from zero power pile
oscillator measurements in 1947 °

As far as what we are doing or what we are going to
do in Canada, there are few issues that I did not
mention in my paper.

They are :

(1) Continue to develop technical competence in the
area of reactor noise and dynam1cs so the capability
are called upon to assist in solving problems encoun
tered in our power reactors. I wish to stress the im
portance of sensors in this development area. A lot
of times people in the field get carried away and
they develop exotic sensors that work in special la-
boratory conditions. Then they go to the power stati
on and ask for these sensors to be installed. Now,
the sensors cannt be installed wherever and whenever
you like : the utility is reluctant to shut-down the
reactor for a couple of days in order to let you pla
ce the sensors. Also, once the sensors are installed,
you then have to use them EBSIE to get your informa-
perience with sensors and kmow how their operating
characteristics could be modified by their enviroment.
It is of little use to go to the plant, spend one or
two days taking noise measurements and then come back
to the laboratory and discover the information is of
limited use because the sensor response was adversely
affected by its enviroment. One should kmow before he
starts if noise measurements obtained with a particu-
lar sensor would be of use.

Also in this context one should use, if at all possi
ble, the sensors installed for normal operation. This
would assist in the program acceptance since site
staff are already familiar with these sensors. It
should be noted that the station is normally operated
via signals from these sensors and we, using our noi-
se analysis techniques, should be able to obtain addi
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tional information from these same signals which
would be of use to the operation staff. Through in
stallation of special sensors, the operations staff
mey be able to obtain additional information them-
selves without the need for noise analysis.

(2) Continue our measurements on the Gentilly-1 re
actor. This is a prototype reactor where we have
the opportunity to investigate sources of noise in
power reactors and also coupling between parameters,
e.g. bulk and spatial reactivity to flux, coolant
flow to flux, channel flow characteristics etc. Ano
ther purpose is to improve our capability in the fi
eld of applying digital computers to the control of
nuclear power plants. The emphasis in these measure
ments is on the importance of spatial effects in la
rge thermal power reactors. One may ask why power
plant measurements ? The reasons are: (a) it can be
difficult to extrapolate data from small scale mode
1s to power reactors, (b) noise sources in small sca
le models may be different from those in power plan
ts and this could give rise to additional problems
in the determination of system dynamics.

(3) Use of measurements to verify plant models, spa
ce-time reactor dynamic models and the parameters
used in these models.

(4) Investigate new areas for application of our ca
pability in the nuclear power field, e.g. in-core
flux detector for fuel motion etc.

(5) Continue the transfer of technology from noise
specialists to interested users ( as, for example,
operating staff at utilities ) for creating an awa
reness on uses of noise analysis.

At present, in Canada, we do not have any mandatory
regulation by our Atomic Energy Control Board on uses
of noise techniques in the operation of a plant. The
refore, utilities and designers are reluctant to ac-
cept anything that will (a) increase the capital cost
of the station,(b) increase operating costs and may
not be required. This is specially true in proven re
actor types.
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MIHATCZO : Do you think there are any designer requi
Tements on instrumentation that should be imposed on
the company builing appliances so that it would be
easier for the noise analyst to come in and make mea
ningful measurements ?

SERDULA : First of all, I think it is a question of
economics. For instance, it is not economical to in
stall pressure sensors that operate up to 100 KHz
when you may be only interested in pressure fluctua-
tions up to 10 or 15 Hz.

MIHAT.CZO : But if your pressure sensor only goes up
to 5 Hz you are in trouble.

SERDULA : Yes, I agree with you. In that case, you
have to find another method for determining the sour
ce.

ITHALCZO : I think that a few economical changes in
the instrumentation can give you improvements with
very little additional cost to meet much better re-
quirements by the standpoint of noise analysis mea-
suremenys.

SERDULA : In measurements at Gentilly-1 we are using
the standard operating transducers : the pressure se
nsor response is up to 10 Hz, the flow response - de
termined from a ap measurement - is up to 5 Hz. In
the initial stage, the designers asked me whether
this would be adequate. At that time I did not have
mich experience and I said : 0.K. this should be al-
right for noise measurements if it is 0.K. for opera
tion.

I think deciding beforehand is rather difficult,that
is, to determine what bandwidth you want in the in-
strumentation. Everybody would like a flat response
over the widest possible range of frequencies. Obvi
ously this is impossible, you have to set limits.
This presupposes that you have a good knowledge abo
ut possible noise sources in the plant.

EDELMANN : I would like to emphasize what has been
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said by Dr Mihalezo. We should not rely on the in-
strumentation which is available at power stations.
In many cases such instrumentation can be improved
to such an extent that you may obtain much more in
formation through noise analysis than in any other
way, and this would not interfere much with the pri
ce of the power plant. We should convince the manu-~
facturer about the advantages of an accurate noise
analysis and the economical benefits one can come
out with.

SERDULA : I agree with you wholeheartedly. If you
can convince the utility that spending some extra
$ 200,000 in instrumentation is going to result in
$ 1,000,000 benefits they no doubt will accept a
proposal for improved measurement equipment.

GREEN : One has to be careful in changing from pro-
ven instruments to those that may have better fre-
quency response. We have had some difficulties with
the reliability of RTDs ( Pt Resistance Temperature
Detectors ) in the Pickering reactors. These were

much faster in response than earlier devices. However,
the older units, while slower, were much more rugged
and hence reliable. Thus, although faster devices are
desirable and perhaps not much more costly, they must
be designed carefully to guarantee the required high
reliability.

FARINELLI : Shall we move to fast reactors ? The sec
tion icebreaker is going to be Dr. De Lapparent from
the Phenix experiment.

DE LAPPARENT : Perhaps a short sketch is better than
a long speech. You know that we have ended the commis
sioning test of Phenix at the beginning of the year
and we have just finished with the specifications for
Superphenix : so I can give you the exact point of
what appears reasonable concerning noise analysis in
our fast reactors.

This is what you can face in the control room about
the reactor noise analysis,
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It is not anything for the expert, just for the ope
rator.

We use four sensors : a neutron detector, an acoustic
sensor, subassembly thermocouples & a vibration moni-
tor. Por each of them, we have a routine scheme of
surveillance : for the output of the neutron detector
we have permanent surveillance, for the acoustic sen-
sor and thermocouples a discrete display ( every one
or two hours ), for the vibration monitor it is a pe
riodic surveillance ( every six months ).

The aim of surveillance is that of giving the opera-
tor an alarm. Since the operator is not an expert,we
have to tell him what attitude to take in front of
variations of the sensor responses: has he to do so-
mething, to call the specialists or do nothing at all?
At the same time, we have an automatic recording of
the data for diagnosis. As you see, there is no auto
matic operation : the noise analysis measurements
serve as an early detection of malfunctioning or ano
malies, so that we have some extra time to make our
diagnosis.

Actually, we compute autospectra and cross-spectra

of the sensor responses.

The results of the autospectra of all the signals

are usually given at one or two fixed frequencies.

So we are not giving the full shape of the spectrum
vs. the frequency domain, because we believe that for
the reactor operator team the amplitude at two frequen
cies is sufficient information,

But we think that autospectra are not sufficient for
correct diagnosis : the complete answer comes from
crosg-spectra.

For example, we think - like it has been gtated by
Dr. Edelmann -~ that cross-spectra between neutronic
and acoustic signals are the right tool for detecting
boiling. We can measure it through the coherence fun-
ction.

Another coupling we have been studying is that bet-
ween neutronic and vibrational signals.

Another diagnostic procedure that we believe very im
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portant concerns the local blockage. We have developed
fast-response thermocouples of the type described by
Dr. Bunschi ( they are stainless steel/sodium thermo
couples which have been operating for two years in
Rapsodie ): they have a frequency response up to 50
Hz.

Unfortunately, up to now we have not been able to gi-
ve the proper diagnosis of the blockage. We are sure
we can monitor the corrosion of the subassembly with
this method and it is very important for the assess-
ment of the sensors used for safety action.

KEMENY : Are these your plans for Superphenix or is
this something operating in Phenix ?

DE LAPPARENT : In Phenix we have neutronic, thermo-
coupled and vibrational sensors. We are not very con
fident on acoustic detection of boiling : there are
t00 many background noises. In the correlation bet-
ween neutronic and vibrational signals, we have the
problem - already mentioned several times - of under
standing the real mechanical and hydraulic forces
acting in the reactor.

KEMENY : Can you take this monitoring instrumentation
right through the start-up range to full power or this

is just for normal full power operation ?

DE LAPPARENRT : No. Superphenix is a power plant and
we must have a very good diagnosis system between
504 and 100% of full power.

KEMENY : Actually, you switch your monitoring instru
mentation on after the reactor is critical ?

DE LAPPARENT : Yes, we switch on at 5 to 10% of no-
minal power.

MIHALCZO : Could you tell us a little bit ebout the
hardware you intend to use to implement your systems
on Superphenix ? For example, you have a computer
how large is going to be ?
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. DE_LAPPARENT : We are giving the specifications to
the constructors and now they have to think about the
best way to realize that.

But we think that certainly a special computer will
be needed to do this : it will be located in the con
trol room together with a magnetic tape recorder and
a FFT computer for processing our data.

BRIDGE : What will the vibration measurements be ?
Axial or radial vibration ?

DE LAPPARENT : We have axial detectors along the con
trol rod mechanism and undermeath the core, at the -
grid level.

EDELMANN : Have you decided already upon criteria
on which decision is made on shutting the reactor
down or calling for an expert ?

DE LAPPARENT : Any deviation of a factor of 2 or 3
from the operational standard nominal values will
immediately call for power reduction.

We did not make any decision yet over the response
of the subassembly thermocouples.

For the acoustic signals, once the crossspectra with
neutronic signals come out right, we prospect to ha-
ve an automatic control system.

Pinally we have to think about something concerning
the local blockage.

WESSER : Have you experience of the sodium boiling ?
You spoke about boiling effects : now you cannot si-
malate these effects. Have you really observed sodium
boiling in a test loop or in a reactor ?

DE LAPPARENT : We have been experimentaing boiling
in test loops : our first test was in Rapsodie.

KEMENY : I would suggest that if noise analysis is
ever to pass from the hands of the specialist and
the experimentalist into the field of routine power
plant diagnosis and control, the following factors
must operative
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(1) Noise signals must be acquired and processed
in real or close-to-real time ;

(2) Routine scanning of nmrtzlpnic, thermal, hy-
draulic and vibrational noise sources will
require large computer storage, fast data re
call, pattern recognition techniques and sim
ple clear control room display ;

(3) Time-series analysis techniques and algoritims
should be standardised and normaligzed on natio
nal or perhaps international basis.

SHVETSOV : It seems there are no more questions and
s0o the meeting reaches conclusion.

I believe it is no coincidence that SMORN-1 took
place in Italy. Italy is the country where Enrico
Fermi and reactor physics were born : it is also
the country where BrunO\Bossi, the first experimen
talist in noise analysis, was born,

I think that all of us have to say great thanks to
the organization of this meeting, for the idea it-
self and for its gathering such a representative
group of specialists.

All of us are also grateful for the excellent time
spent in Rome.

Finally, I wish to give a special thank to profes-
sor Pacilio and his friends and the people who hel
ped us during the meeting.
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Fig.9 - From L to R : H.Nishihara (JAP), H.Kataoka (JAP),
K.J.Serdula (CAN), R.A.Lewis (USA), E.Robinson
(NOR)
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ASTROLOGICAL
REVIEW OF
SMORN-1

ATTENDEES






BIRTHDATE DISTRIBUTION OF SMORN-1 ATTENDEES

January
February
March
April
May

June
July
August
September
October
November
December

L2 _BE SR

x X kX X
® X X X X
x

x
b 3

% % * % X X X * * ® 1

X x X X X
x
»x

- NN N eV W W

x X kX X %X X % x X X X X

Overall total 50
Pirst semester total 25
Second semester total : 25

219



220

ZODIACAL DISTRIBUTION OF SMORN-1 ATTENDEES

CAPRICORN (Dec 21-Jan 19)
AQUARIUS (Jan 20-Feb 18)
PISCES (Feb 19-Mar 20)
ARTES (Mar 21-Apr 19)
TAURUS (Apr 19-May 21)
GEMINI (May 21-Jun 20)
CANCER (Jun 21-Jul 22)
LEO (Jul 22-Aug 21)
VIRGO (Aug 22-Sep 22)
LIBRA (Sep 22-Oct 22)

SCORPIO (Oct 23~Nov 21)

*
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SAGITTARIUS (Nov 22-Dec 21) *

-
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THE MEANING OF THE SIGNS - ACCORDING TO CELESTE

Eventually, there is an evidence that the noise
analyst is either a Pisces or a Leo.

This is his profile according to the famous Ce-
leste :

PISCES is the sign of the
Pishes and is ruled by the pla-
net Neptune. Those born in March
are highly emotional, highly in
tuitive and generally unreliable
because they are so changeable. Most Pisceans 1i
ve in a dreamy world of their own imagination &
resent having to leave it to meet the demands of
life. Usually they have little ambition , care
little for place or power, and rarely accumulate
any money. It is a highly artistic sign and many
creative people are born at that time of the ye-
ar. They are often better off working by themsel
ves.

L EO is the most regal and fla

mboyent of all the signs. The th
B eatre is attractive to them and
D g B they excel in it. They are warm-

and usually full of the love of life. It is the
only sign of the Zodiac ruled by the Sun, and th
ey seem to radiate this light. They are trusting
people and believe the best of their fellow-men.
Leo is called the sign of the Kings, and he is
the ideal head of great enterprises, instituti-
ons and undertakings. He loves all sports and is
the perfect host.

el hearted, generous, great spenders
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smorn /'smdm / vb (1) : to perish
from excess of work (2) : to suffer from
overwork (3) : teo kill or severely stress
by overwork.

Jdiomatics : s. up , s. off , s. oneself
to exaustion.

Expletives : smorn you, smorn yourself ,
smorn one.
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