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Expérience canadienne dans le domaine des b r u i t s
de réac teur

par

K.O. Serdula

Résumé

L'auteur de ce rapport donne un aperçu du programme
r e l a t i f aux brui ts et à la dynamique des réacteurs e t i l passe
en revue une pa r t i e de l ' expér ience acquise au Canada dans
l ' a p p l i c a t i o n des techniques de mesure des b ru i t s de réacteur
au développement de la f i l i è r e CANDU (Canada Deuterium Uranium)
ca rac t é r i s ée par ses tubes de force. On se propose de déve-
lopper les connaissances techniques dans le domaine des b ru i t s
et de la dynamique des réacteurs et d 'appl iquer la compétence
ainsi acquise au développement accru de la f i l i è r e CANDU.
Pour a t t e i n d r e cet ob j ec t i f on procédera à des travaux dans
les domaines su ivan ts :

- Développement
- Application
- Expansion
- Avancement

L'application des techniques d'analyse des bruits
de réacteur au réacteur de la centrale fientilly 1, est commen-
tée du fait que ce travail a démontré le rôle important que
les mesures de bruit jouent dans les centrales commerciales.

Le réacteur de la centrale Gentilly 1, qui emploie
de l'eau légère bouillante comme caloporteur et qui se carac-
térise par une rétroaction sous vide positive a été idéal pour
évaluer l'emploi des techniques d'analyse des bruits de réacteur
dans les systèmes ëlectronucléaires. On a donc effectué-des
études avec excitation 1) inhérente et 2) imposée. Les résul-
tats de ces deux types d'études sont présentés et la mesuré
dans laquelle ils répondent aux objectifs est indiquée.
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Laboratoires Nucléaires de Chalk River

Chalk River, Ontario

Janvier 1975
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CANADIAN EXPERIENCE IN THE AREA OF REACTOR NOISE

by

K.J. SERDULA

ABSTRACT

This r e p o r t o u t l i n e s the reactor n o i s e and d y n a m i c s program
and reviews some C a n a d i a n e x p e r i e n c e in a p p l y i n g r e a c t o r noise
m e a s u r e m e n t techniques to the d e v e l o p m e n t of the CANada Deuterium
Lh-anium ( C A N D U ) p r e s s u r e tube reactor s y s t e m . Our general objective-
is to d e v e l o p technical c o m p e t e n c e in the area of r e a c t o r noise and
dynamics and apply it to the further d e v e l o p m e n t of the CANDU
reactor s y s t e m , To a c h i e v e this o b j e c t i v e , work is d i r e c t e d to-
wards the f o l l o w i n g a r e a s :

D e v e l o p m e n t
A p p l i c a t i o n
E x p a n s i o n
A d v a n c e m e n t

A p p l i c a t i o n of r e a c t o r noise a n a l y s i s techniques in the
CANDU-BLW p o w e r r e a c t o r , G e n t i l l y - 1 , is discus s e d since the work
has d e m o n s t r a t e d the role of noise m e a s u r e m e n t s in commercial
stati ons .

G e n t i l l y - 1 with broiling Jnght w a t e r (BLW) coolant in the
channels and a positive void feedback p r o v i d e d an ideal oppor-
tunity for a s s e s s m e n t of the use of r e a c t o r noise t e c h n i q u e s in
power r e a c t o r s y s t e m s . C o n s e q u e n t l y p r o g r a m s using both (1)
inherent and (2) imposed e x c i t a t i o n w e r e carried o u t . Results fron
both p r o g r a m s are p r e s e n t e d and their s i g n i f i c a n c e in s a t i s f y i n g
program o b j e c t i v e s is d i s c u s s e d .

Reactor Pnysics Branch
Chalk River Nuclear Laboratories

Chalk River, Ontario

January 19 7 5
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CANADIAN EXPERIENCE IN THE AREA OF REACTOR NOISE *

by

K.J. Serdula (AECL)

1, INTRODUCTION

This report out l ines the reactor noise and dynamics
program and reviews some Canadian experience in applying
reactor noise measurement technigues to the development
of the CANada Deuterium Ufranium (CAf!DU) pressure tube
reactor system. This program, i n i t i a t e d in 1966 w i th
measurement of noise from a zero-power research reactor
and loop {both in-arid ou t -o f - reac to r ) experiments, was
extended to include noise measurements during the com-
missioning of the CANDU Boi l ing U g h t W_ater (BLW) coolant
reactor Gen t i l l y -1 ( G - l ) .

Some resul ts obtained during the program evo lu t ion are
presented with emphasis on our power s ta t ion app l i ca t ions .
However, t ransfer of measurement programs to power stat ions
requires an evolut ion in experimental philosophy and th is
aspect i s discussed. Addi t ional areas for expansion of
noise techniques are also presented.

2. REACTOR NOISE AND DYNAMICS PROGRAM

Our mission is to develop technical competence in the
area of reactor noise and dynamics and apply it to the
further development of the CANDU reactor system.

2.1 Program Objectives

The objectives that evolved in this program are:

(a) Development - to develop technical competence in
laboratory applications.

Paper presented at ''Specialist Meeting 0_n Reactor Noise - I
Critical Assemblies To Power Plants", SMORN-1 , October 2'
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(b) Application - to apply promising measurement
methods to CANDU nuclear systems.

(c) Expansion - to expand the Canadian technological
base by t rans fer r ing proven technology to the u t i -
l i t i e s and industry for implementation by the i r s ta f f .

(d) Advancement - to continue advancing the <^tate-of-
the-ar t and broadening the appl icat ion areas on an
expanding technological base.

2.2 Program Results

Results of the program related to the objectives are:

(a) Dev.eljipjneni^ A data acquis i t ion and signal condit ioning
system is avai lable for measurement of noise from a l l
commonly used sensors,Also a comprehensive o f f - l i n e
analysis capabi l i ty has been established and our l imi ted
portable on- l ine capabi l i ty is being upgraded and
expanded for use at any s i t e .

Noise and system dynamics measurements have been made
during the fo l lowing experimental programs:

Simulated bo i l i ng in ZED-2 (zero power research reactor ) ,

Dry out experiments, D-105 and U- l l l (U-l loop in the
MRU research reactor ) ,

Fuel test experiments, X-639 and X-4 (X-6 and X-4
loops in the NRX research reac tor ) ,

NRU reactor regulat ing and zonal control dynamics (1 ,2 ) ,

NPD transfer function measurements ( 3 ) ,

Coolant t r ans i t studies, Task 119 (out -of - reactor loop
f a c i l i t y , FLARE),

Fuel f r e t t i n g studies (out-of - reactor loops, SWAFT
and Power Projects Fue? Test Loop).

During the above programs noise has been measured from a
wide range of sensors in systems and under conditions typ ica l
of those expected to be encountered in power reactors.

(b) Application^ A noise measurement program was successfully
undertaken during the commissioning of the G-l 250 MWe
reactor.



- 3 -

(c) E_x£ansi_on_ The u t i l i t y , Hydro-Quebec, has acknowledged
the usefulness of noise measurements and has approved
another program to be undertaken dur ing re-commissioni rig
of G-l and i t s subsequent o p e r a t i o n . During t h i s per iod
the u t i l i t y s t a f f w i l l take an ac t i ve ro le to b u i l d up
in-house competence in t h i s a rea.

(d) Advan.cemenjt Some of the new areas under development
or being considered using noise techniques ares

( i ) In add i t i on to measurements of noise from inherent
sources and a p p l i c a t i o n of PRBS1" to c o n t r o l absor-
bers , a program w i l l be undertaken at G e n t i l l y to
modulate the core coolant f l o w . A lso , frequency
response t e s t i n g of the drum- level c o n t r o l system
(through modulat ion of the feed-water va lve stem
pos i t i ons ) can be undertaken i f r equ i r ed .

( i i ) Determinat ion of the prompt f r a c t i o n of the s igna l
from i n - co re sel f -powered detectors through a p p l i -
ca t ion of noise analys is techniques.

( i i i ) A p p l i c a t i o n of noise ana lys is techniques to the
development of a clamp-on f lowmeter to measure
l i q u i d f lows in heavy water p l a n t s . This work is
being c a r r i e d out under con t rac t to a Canadian
i n d u s t r i a l f i r m .

From the above program r e s u l t s , only app l i ca t i ons in the
power reac to r G e n t i l l y - 1 w i l l be discussed in d e t a i l , since
th i s work has demonstrated the ro le of noise measurements in
commercial power s t a t i o n s .

3. POWER REACTOR APPLICATIONS

A p p l i c a t i o n of r eac to r noise ana lys is techniques to
power reac tors has been l i m i t e d to the G e n t i l l y - 1 r e a c t o r .
This reac to r w i th b o i l i n g coolant i n the channels and a pos i -
t i v e vo id feedback prov ided an i dea l oppor tun i t y f o r assess-
ment of the use of reac to r noise techniques in power reac tor
systems.

However, ex tens ion of measurement programs to power
s t a t i o n s is i n f l uenced by many requ i rements , some of which
d i f f e r from those f o r l abora to ry programs. These r e q u i r e -
ments are discussed i n the context o f the program on the
Gent i l l y -1 reactor.

+ PRBS - p_seudo-random bjnary sequences



3. i Acceptance of Medsurement Program

To be acceptable, the program should s a t i s f y the diverse
in te res t s of the many groups invo lved . These were:

designers o f the i n s t a l l a t i o n ,
commissioning teams,
operat ing s t a f f ,
owner,
designers of future installations.

Because of these acceptability requirements our program
objectives were to:

provide information useful in commissioning the nuclear
power station,
indicate potential problem areas and provide information
to eliminate the problems or reduce their potential
consequences,
provide information of use to operating staff in estab-
lishing routine operating procedures and in applying
diagnostic noise measurement techniques,
provide information of use to designers for the further
development of the CANDU reactor concept.

3.2 Program Constraints

To be acceptable the measurement program was limited
by constraints set by:

(1) reactor operation - measurements had in general,
to be performed within normal operating limits and
procedures and not increase the probability of reactor
shutdown.

(2) station hardware - the program had to be performed
with the physical hardware available for normal station
operation.

(3) station schedule - the program was not to disrupt
the reactor construction or commissioning schedule.

(4) measurement time - the measurements had to be done
in minimai time and result in minimal interference with
the commissioning and power production.

Because of the above constraints, the only requirements
of the Gentilly-1 program were:

(1) an additional computer program for the station's direct
digital computer control systems.
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(2) i n s t a l l a t i o n of a few dup l i ca te sensors.

3.3 P lann ing , Execution and Processing o f Data

The planned program was to measure noise in system
parameter s igna ls f o r :

E x c i t a t i o n of the system parameters by i nhe ren t d i s t u r -
bances .
E x c i t a t i o n of se lec ted systems by pseudo-random
sequences.

3 .3 .1 Np2.se. D.ue_ t_o_Inihe_rent_ E_xc_i tajtip_n

The proposed program was to measure noise characteristics
of selected parameters for a range of reactor operating
conditions. Fig. 1 is a schematic of the reactor core showing
the monitored channels. The signals used in this program are
listed in Table I.

Measurements were planned at the following reactor power
and flow conditions:

(1) shutdown - system hot and pressurized with •'ll
pumps in operation

(2) 0.1% full power (F.P.) - system hot and pressurized
with all pumps in operation.

(3) 10% F.P. and 100% full flow (F.F.)
(4) 25% F,P. and 100% F.F.
(5) 25% F.P. and reduced f l ow .

( 6 ) 50% F . P . a n d 1 0 0 % F . F .
(7) 50% F.P. and reduced flow.
(8) 75% F.P. and 100* F.F.
(9) 75% F.P. and reduced f l o w .

(10) 100% F.P. and 100% F.F.

Data a c q u i s i t i o n and a n a l y s i s f a c i l i t i e s made a v a i l a b l e
a t - s i t e had the c a p a b i l i t y t o :

r e c o r d and c o n d i t i o n s i g n a l s f rom up to 14 parameters
s i m u l t a n e o u s l y i n f r e q u e n c y - m o d u l a t e d f o r m a t ( A - l ) .
r e c o r d and c o n d i t i o n i n a d i g i t a l fo rmat s i g n a l s from
up to 18 paramete rs s i m u l t a n e o u s l y f o r sample i n t e r v a l s
g r e a t e r than or equal to 64 ms w i t h a t o t a l o f 640 data
samples f o r each pa ramete r .
measure t r u e o r e x p o n e n t i a l t i m e - a v e r a g e d mean values
( A - 2 ) .
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measure t rue or exponent ia l t ime-averaged r .m.s .
values ( e i t h e r high or low-pass band f i l t e r ) (A -2 ) .
obta in power spec t ra l dens i t i es (A -3 ) .
obta in a u t o - o r c r o s s - c o r r e l a t i o n funct ions ( A - 3 ) .
ob ta in p r o b a b i l i t y d i s t r i b u t i o n funct ions ( A - 3 ) .

A- l to A-3 denote the three add i t i ona l systems used in
the general noise program at CRNL and tha t were made ava i l ab l e
a t - s i t e .

O f f - s i t e ana lys is c a p a b i l i t y consisted of use of the
MAC/RAN+ computer program system on the CDC-6600. In add i t i on
to the above f u n c t i o n s , th i s program has the c a p a b i l i t y to
analyze s ing le or m u l t i p l e data records f o r :

p r o b a b i l i t y dens i ty f u n c t i o n s ,
c ross -spec t ra l densi ty f u n c t i o n s ,
response func t i ons (gain and phase),
coherence f u n c t i o n s ,
data c o n d i t i o n i n g ( c a l i b r a t i o n , t rend removal , f i l t e r i n g
and format ion of new data channels which are an a lgebra ic
or f u n c t i o n a l combination o f the i n i t i a l data channels) .

During the i n i t i a l power increase in the commissioning
phase, key parameters were to be monitored f o r s i g n i f i c a n t
unexpected changes i n t h e i r :

1) amplitude vs t ime t races ,
2) mean and r .m .s . values.

I f s i g n i f i c a n t changes occurred then a complete set of
measurements would be obtained and f u r t h e r analyses ca r r i ed
ou t .

3.3.2 L̂°i_se_ D_ue_ j:o_Imp£se_d_Exc_i.tati_on_

The i n i t i a l program was to measure the cor. t r o l l e d and
uncon t ro l l ed response of the neutron f l ux to s p a t i a l
r e a c t i v i t y p e r t u r b a t i o n s .

I r i t i a l design studies used a space-time modal model and
t h e r e f o r e p l ann ing , execut ion and analys is of the measurements
was a lso based on the modal model to f a c i l i t a t e comparison o f
r e s u l t s .

This model expresses a space-t ime dependence of the f l u x
as a ser ies of s p a t i a l modes, each w i th i t s own t ime-dependent

A computer code developed by Measurement Analysis Corporat ion f o r
comprehensive analys is o f time ser ies data from RANdom n o i s e .
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characteristic. Fig. 2 shows typical spatial neutron flux
modes in schematic form. Since the fundamental mode re-
sponse characteritics were known, measurements were to be
concentrated on measuring the characteristics of the next
most responsive mode, the first azimuthal. Details on the
use of this model in the planning, execution and analysis
of the measurements are given in references (4,5).

Results from these measurements were to be used to verify
the theoretical models used in the design studies. Since the
G-l nuclear station is the CANDU-BLW prototype, no operating
experience or information was available to verify at-power
predi ctions.

The program that evolved used the existing reactor
instrumentation and the regular control absorbers under the
control of the station's dual digital computer control system.
The dynamic excitation function applied to the absorbers was a
modified pseudo-random binary sequence of 16 bits. More details
on the characteristics of the PRBS are given in references (4,5).

A special computer program written for the computer con-
trol system controlled the amplitude and duration of the dis-
turbances to be sent to each absorber in addition to synchronous
sampling, filtering and storing of the data from 18 of the
approximately 650 variables available to the computer. Data
were recorded on punched paper tape for off-line analysis
using the MAC/RAN system on the CDC-6600 at CRNL?

A schematic diagram of the core is shown in Fig. 1. Bulk
control of the reactor is by signals from the three ion chambers
which are then normalized to total thermal power output. Bulk
and spatial control of the neutron flux is accomplished by
simultaneous (bulk) or differential (spatial) movement of
the absorbers. Spatial control signals are derived from
measurement of the power produced in 40 channels located
throughout the core.

Booster rods containing fissile-enriched fuel enter the
core perpendicular to the fuel channels and symmetrically from
both sides of the core. This enriched fuel in the booster
rods is used to:

overcome the negative reactivity which arises upon
collapse of voids resulting upon shutdown or a significant
power reduction,
provide xenon override capability.

Measurements were initially proposed for the reactor
operating conditions listed in Section 3.3.1 (except (1), the
shutdown condition). For these measurements, a pattern of

+ CRNL - Chalk River Nuclear Laboratories.
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abso rbe r movement was de te rmined t o e s t a b l i s h a t i l t ax is
t h r o u g h i on chamber C. A d d i t i o n a l measurements w i t h the
b o o s t e r f u e l p a r t i a l l y i n s e r t e d i n the core used an absorber
movement p a t t e r n t o e s t a b l i s h an a x i s o f f l u x t i l t i n g pe r -
p e n d i c u l a r to the d i r e c t i o n o f b o o s t e r movement.

4 . RESULTS AND THEIR INTERPRETATION

The i n i t i a l program was broadened d u r i n g commiss ion ing
to i n c l u d e a p p l i c a t i o n of no ise measurements to a d d i t i o n a l
parameters and r e a c t o r o p e r a t i n g c o n d i t i o n s . T h i s d i v e r s i t y
i n a p p l i c a t i o n o f n o i s e measurement techn iques w i l l be i l l u s -
t r a t e d by some o f t h e r e s u l t s .

4 .1 Resu l t s f rom I n h e r e n t Noise Measurements

4 • 1 • 1 S_ys_tem_Pres_sujre_ 0_S£i 1_1 ati_on_s

I n the i n i t i a l s tages o f the power i n c r e a s e d u r i n g com-
m i s s i o n i n g , s i g n i f i c a n t resonances i n n e a r l y a l l system p a r a -
meters were found t o occu r . A resonance at a f requency o f 1
Hz o c c u r r e d a t a p p r o x i m a t e l y 6% F . P . , d isappeared a t 8.5% F.P.
and was rep laced by a resonance a t 1.5 Hz upon a f u r t h e r power
i n c r e a s e to 9% F.P. Th is l a t t e r 1.5 Hz resonance then
d i sappeared and was rep laced by t h e resonance a t 1 Hz f o r
f u r t h e r power i n c r e a s e s .

T y p i c a l power s p e c t r a l d e n s i t i e s o b t a i n e d f o r r e a c t o r
power l e v e l s o f 6 .5%, 8.5% and 9% f u l l power ( F . P . ) are shown
i n F i g . 3 and 4 . These r e s u l t s show t h a t a t a power l e v e l
o f 8.5% F . P . , no resonances e x i s t e d bu t f o r a 0.5% power i n c r e a s e
a new s i g n i f i c a n t resonance a t 1.5 Hz appeared. The 1.5 Hz
resonance was found t o e x i s t f o r o n l y a narrow range o f r e a c t o r
power. The r a t i o o f the 1.5 Hz resonance a m p l i t u d e t o the 1 Hz
resonance a m p l i t u d e , as de tec ted by the f l u x sensors was less
than t h e i r r a t i o as de tec ted by t he steam drum and header
p r e s s u r e s i g n a l s ( see F i g . 4 ) . T h i s was a d i r e c t r e s u l t o f
the 180° phase s h i f t between 1.5 Hz resonances o f the n o r t h and
sou th c o o l a n t l o o p s . I f the p r e s s u r e o s c i l l a t i o n a t 1.5 Hz
i n each o f the loops was of equal magn i t ude , then the ne t
e f f e c t o f changes i n core .vo id (hence r e a c t i v i t y ) wou ld have
on l y a smal l e f f e c t on induced f l u x changes. T h i s observed
180° phase d i f f e r e n c e and the nar row power range ove r which
t h i s resonance e x i s t e d i n d i c a t e d t h a t i t p r o b a b l y arose i n
the system p r e s s u r e c o n t r o l l o o p . Th i s p o s t u l a t e was c o n f i r m e d
and the e f f e c t o f t he resonance s i g n i f i c a n t l y reduced by a d j u s t -
ment o f the cams on the a c t u a t o r s o f the steam by -pass v a l v e s .

T h i s a c t i o n reduced the e f f e c t o f the 1.5 Hz resonance
b u t t h e 1.0 Hz resonance s t i l l e x i s t e d and c o n t i n u e d to
i n c r e a s e i n a m p l i t u d e w i t h i n c r e a s i n g r e a c t o r power .
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Response f u n c t i o n and c r o s s - c o r r e l a t i o n a n a l y s i s o f the
measured n o i s e s i g n a l s showed t h a t the n o i s e was n e a r l y i n -
phase i n b o t h loops and was o r i g i n a t i n g e i t h e r i n t h e steam
drums a n d / o r the systems e x t e r n a l t o t he steam drums (s team
supp ly t o t u r b i n e a n d / o r p ressu re c o n t r o l s y s t e m ) .

On t h e b = s i s o f t hese a n a l y s e s , a t 25% F.P. a program
was e s t a b l i s h e d to d e t e r m i n e the sou rce o f the 1 Hz resonance .
W i t h i n 3 hours o f s t a r t i n g the measurements , i t war. f ound
t h a t t he resonance c o u l d be e l i m i n a t e d by a d j u s t i n g one o f the
ga in f a c t o r s o f the sys tem p ressu re c o n t r o l l e r . However , sub-
sequent r e a c t o r o p e r a t i o n showed t h a t the r e q u i r e d v a l u e o f
the ga in f a c t o r to e l i m i n a t e the o s c i l l a t i o n reduced t h e
response o f the p r e s s u r e c o n t r o l l e r t o an u n a c c e p t a b l e l e v e l .
T h e r e f o r e t he power i n c r e a s e c o n t i n u e d w i t h some 1 Hz o s c i l l a t i o n
i n the s y s t e m . I n c r e a s i n g r e a c t o r power c o n t i n u e d u n t i l 40%
F.P. d u r i n g which the a m p l i t u d e o f t h e o s c i l l a t i o n c o n t i n u e d to
i n c r e a s e w i t h power. A l t h o u g h the t u r b i n e had been o p e r a t e d
f o r s h o r t i n t e r v a l s up t o t h i s power l e v e l , most o f t h e steam
genera ted was d i v e r t e d d i r e c t l y to the condenser ( t u r b i n e by-
pass sys tem) because the d e t a i l e d t u r b i n e commiss ion ing
schedu le had no t been c o m p l e t e d .

Measurements o f n o i s e a t 40% F.P. ac a f u n c t i o n o f c o o l a n t
f l ow showed the a m p l i t u d e o f the o s c i l l a t i o n depended on f l ow
which de te rm ines core v o i d volume and, t h e r e f o r e , c o n t i nued
growth i n t h e a m p l i t u d e o f t h i s o s c i l l a t i o n upon f u r t h e r power
i n c r e a s e s c o u l d a f f e c t o v e r a l l sys tem c o n t r o l . P r e v i o u s
work had e s t a b l i s h e d t h a t the o s c i l l a t i o n o r i g i n a t e d i n the
p ressu re c o n t r o l sys tem wh ich i n c l u d e d t h e r e g u l a t i o n o f the
by-pass and t u r b i n e v a l v e s , e t c . S i n c e r e d u c i n g t he f requency
response o f the p r e s s u r e c o n t r o l l e r by a d j u s t i n g t h e g a i n
a p p a r e n t l y d i d no t remove the source b u t on l y a l l e v i a t e d i t s
c o n s e q u e n c e s , i t was deduced t h a t the p r e s s u r e c o n t r o l l e r was
not t he sou rce o f the o s c i l l a t i o n . A schemat i c b l o c k d iagram
of the p r e s s u r e c o n t r o l system i s g i v e n i n F i g . 5. I t can be
seen f rom t h i s f i g u r e t h a t r e d u c i n g t h e response o f t he
p ressu re c o n t r o l l e r a t 1.0 Hz e f f e c t i v e l y decouples t h i s f r e -
quency f r o m the c l o s e d l o o p .

A second program was s e t up to d e t e r m i n e the s o u r c e o f
the o s c i l l a t i o n i n the comp le te p r e s s u r e c o n t r o l s y s t e m . Moni -
t o r e d pa ramete rs are shown s c h e m a t i c a l l y i n F i g . 5 and g iven i n
Tab le I I . Two se ts o f measurements were made w i t h d i f f e r e n t
ga in s e t t i n g s o f the s i g n i f i c a n t p r e s s u r e c o n t r o l l e r g a i n
f a c t o r . R e s u l t s f rom t h e s e measurements ( F i g . 6 and 7) show
t h a t the n o i s e a t 1 Hz i n a l l sensor s i g n a l s i s reduced w i t h
the change i n the c o n t r o l l e r ga in s e t t i n g s . However , Tab le
I I I g i v i n g the r a t i o o f t h e 1 Hz a m p l i t u d e ( b e f o r e / a f t e r
a d j u s t m e n t ) shows t h a t a l l components o f the sys tem respond
in a s i m i l a r manner ( r e d u c t i o n i n a m p l i t u d e by a f a c t o r o f
20 to 25) excep t f o r t he s e r v o - m o t o r o i l p ressu re s i g n a l w.her^
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the amplitude was reduced by a f a c t o r of only 6. This
ind i ca ted tha t a t t e n t i o n should be concentrated i n the area
of the servo system a c t i v a t i n g the by-pass va lves . Correct ive
act ions to *his system have resu l ted in very s a t i s f a c t o r y con-
t r o l of system pressure to w i t h i n 0.1% r .m.s. dur ing normal
s teady-s ta te ope ra t i on .

This example i l l u s t r a t e s a successful app l i ca t i on of
noise analysis techniques to a type of unexpected problem
tha t can ar ise dur ing control ssroir lng of a power reac to r .

4 .1 .2 9_tjier_ AppJ i£a t i p_ns_

Other areas where inherent noise measurements were also
used successfu l ly included use o f :

noise c h a r a c t e r i s t i c s in the s ignals from the DP(flow)
t ransmi t te rs to set the leve l of mechanical damping of
the DP t r a n s m i t t e r s .
noise in the channel flow parameters to assess the
p r o b a b i l i t y of approaching " p a r a l l e l channel i n s t a b i l i t y " .
"noise charac ter is - t i cs" i n s igna ls from i n - co re detectors
to assess the response of the in-core f l u x de tec to rs ,
noise in parameters to determine s igna l / no i se r a t i o in
some of the " t r i p " c i r c u i t s and there fore es tab l i sh
margins to " t r i p " .
noise analys is measurement techniques to ob ta in Lissajous
f igures g i v i n g the o rb i t s of the centers of the primary
heat t ranspor t motor-pump s h a f t assembly.

In add i t ion to the above a p p l i c a t i o n s , noise measurements
of the selected parameter set were taken fo r a range of reactor
opera t ing cond i t i ons . These showed tha t " b o i l i n g noise"
was only of secondary importance; the primary con t r i bu to rs
to noise were ex te rna l disturbances o r i g i n a t i n g in process
systems enter ing the core and being ampl i f ied by the p o s i t i v e
void e f f e c t . As a r e s u l t of t h i s e f f e c t i t was found tha t
adjustments to the pressure con t ro l system r e s u l t e d in s i g n i -
f i c a n t changes in measured noise c h a r a c t e r i s t i c s .

4.2 Results from Imposed Noise Measurements

The ob jec t i ve of the program using imposed e x c i t a t i o n
of the cont ro l absorbers was to determine the response of
the reactor to s p a t i a l d is turbances. In the modal model of
G-l the f i r s t azimuthal mode a f t e r the fundamental was the
most responsive and therefore the program was d i rec ted
toward determining the response of the c o n t r o l l e d and uncon-
t r o l l e d f i r s t azimuthal f l u x mode to spa t ia l r e a c t i v i t y
p e r t u r b a t i o n s .

The response of the f i r s t azimuthal f l u x mode was
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measured for 13 reactor operating conditions c o v e r i n g the
expected operating r a n g e . Data w e r e analyzed to determine
frequency response (gain and phase) functions. Comparison
of some of the measured results to those obtained from a
theoretical model (6) are shown in Fig. 8 and 9. Fig. 8
shows the measured first azimuthal response (gain and phase)
of the uncontrolled flux for two different reactor operating
c o n d i t i o n s , 9 5 % full power, 100% full flow; and 7 5 % full power,
68% full flow. The solid lines are calculations using the
modal m o d e l . Agreement of the shape of the measured gain
curves and the absolute values of the phase with the model is
r e a s o n a b l e . The measured gain values have been normalized
to the theoretical predictions at 0.2 H z . The m a j o r dif-
ference in the two theoretical curves is a 10% c h a n g e in
the reactivity coefficient associated with coolant density
c h a n g e s .

Fig. 9 shows the first azimuthal flux response (perpen-
dicular to the b o o s t e r axis) for both the controlled and
uncontrolled reactor at 30% full p o w e r , 50% full flow and
with the top 4 b o o s t e r assemblies partially inserted.
Partially inserting the booster assemblies into the core
results in flattening the core flux in the direction of the
b o o s t e r s . This gives rise to an increased first azimuthal
response in this d i r e c t i o n . This increased response is
characterized by the increased phase lag shown in Fig. 9
for the uncontrolled reactor.

In the G-l reactor the spatial power distribution is
measured at 40 channel locations r e p r e s e n t a t i v e of the active
core. These m e a s u r e m e n t s feed the control algorithm in the
digite computer control system which sends drive signals to
each c the 7 control absorbers. All 40 channel power measure-
ments are used to determine the drive signal to each absorber
( 7 ) .

Fig. 9 also shows a comparison of the measured to the
calculated results for the controlled first azimuthal response.
The agreement for both conditions is good except for larger
deviations at the lower f r e q u e n c i e s . In this frequency ra.ige
the spatial control system, in operation during the measure-
m e n t s , severely attenuated the perturbations with a consequent
lowering of the S/N r a t i o . This could account for the dif-
ferences at the low f r e q u e n c i e s .

In addition to first azimuthal flux to reactivity response
f u n c t i o n s , response functions w e r e also obtained b e t w e e n :

spatial thermal power to spatial reactivity,
spatial thermal power to spatial neutron flux,
o u t - o f - c o r e flux to in-core flux,
various sectors of the control system.
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The spatial response measurements were used in the
commissioning of the present spatial control system and
have indicated areas for improvement.

The present spatial control system has performed ade-
quately under most operating conditions; however, control
capabilities, required during certain transient operating
modes to achieve high station performance, were considered
to be insufficient. The measurements assisted in the design
of an improved spatial control system, to be commissioned
shortly, which will eliminate these deficiencies.

In addition to verification of theoretical space-time
models, results have been used to obtain a map of the first
azimuthal response as a function of reactor power and core
coolant flow. This map sho'uld be useful to operations staff.

COMMUNICATION OF CONCLUSIONS TO COMMISSIONING, OPERATING AND
DESIGN STAFF

The success of a program is dependent on prompt communi-
cation of results and conclusions to those personnel with a
need-to-know and later to those people with a general interest.

In the case of the G-l inherent noise measurements,
results and conclusions were directly communicated to com-
missioning and operating staff as soon as available. In
fact, some of the unscheduled measurements were done at the
request of the commissioning staff and in these cases prompt
action was taken on the basis of the results (e.g. the oscil-
lation in the pressure system, adjustment of mechanical damping
of the transmitters, etc.). Results from measurements which
were not requested were communicated to the people concerned
if action was considered warranted or for information purposes.

In the imposed noice measurement program, the amplitude
versus time responses observed during the measurements were
compared to expected responses. Relative and absolute dif-
ferences were interpreted in terms of asymmetries in the
spatial flux and power distributions and/or performance of
the spatial control system. This enabled corrective actions
to be undertaken promptly. Results from the off-line analyses
were communicated to design and commissioning staff as soon as
available and assisted in changing the control algorithm during
commissioning to improve spatial control.

All measurements of significance to station operation have
been analyzed. However, owing to the "Urge amount of data,
analyses are still continuing in areas which will yield infor-
mation of use in the design of future CANDU systems.
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6. SUMMARY

Our mission is to develop technical competence in the
area of reactor noise and dynamics and in its application to
the future development of the CANDU reactor system. Such
expertise can contribute significantly to improved nuclear
station performance. However, success in this area requires
a considerable breadth and depth of experience in the field
and consistent significant successes have been obtained mainly
by workers who have devoted considerable effort to the topic.

Recognizing that to be successful a program will require
growth of continuing support, our continuing general objectives
are:

Development - of the required technology.
Application - of promising programs to nuclear systems
Expansion - of effort by transfer of the technology
to interested users.
Advancement - of the state-of-the-art and extension
of the application areas.

A major part of this program is in the successful appli-
cation of programs to nuclear systems. This involves transfer
of promising technology from laboratories to nuclear power
stations. A successful program requires:

Acceptance - of the measurement program by the various
groups involved.
Formulation - of the experimental program within the
imposed constraints.
Development - of the required analytical tools for
planning, execution and processing data.
Interpretation - of data.
Communication of conclusions to design, commissioning
and operating staff.

A measurement program based on these factors has been
successful at the G-l station. This success has led us to
conclude that some (maybe not all) of the forecast benefits
attainable through exploitation of nuclear system noise may
come true.
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TABLE I

SENSORS USED IN GEHTILLV-1 NOISE (INHERENT) MEASUREMENT PROGRAM

SENSOR

CHANNEL K9(S)^'

DP INLET
DP OUTLET
INLET PRESS.
OUTLET PRESS.

CHANNEL L 1 2 ( N ) ^

DP INLET
DP OUTLET
INLET PRESS.
OUTLET PRESS.

CHANNEL T14(N)

DP INLET
DP OUTLET
INLET PRESS.

HEAT TRANSPORT SYSTEM

NORTH STEAM DRUM PRESS.
NORTH INLET HEADER PRESS.
SOUTH STEAM DRUM PRESS.
SOUTH INLET HEADER PRESS.

NEUTRON FLUX

OUT-OF-CORE ION CHAMBER
SELECTED IN-CORE DETECTORS

OUTPUT
(VOLTS)

-1
-1

1 -i

-1
-1
-1
-1

-1
-1
-1

-1
-1
-1

0
0

+ -5
•+ - 5

- -5
- -5

+ -5
•* - 5

- -5
•* - 5

+ -5
•* - 5

•* - 5

+ -5
- -5
•*• - 5

•*• - 5

•* + 3

-»• - 1

0 •*

0 ••

0 •*

0 *

0 *
0 •*

0 -
0 •*

0 ••

0 *
0 •*•

0 +
0 -»•

0 +
0 *

0 ••
0 -f

RANGE
(UNITS)

100% (
100%
1000 (
900 (f

F.S.)<2>
F.S.)
psig)
)sig)

100%
100%
1000
900 (

F.S.)
F.S.)
psig)
3sig)

100% (F.S.)
100% (F.S.)
1000 (psig)

900 (psig)
1000 (psig)
900 (psig)
1000 (psig)

100% (F.S.)
100% (F.S.)

(1) S = South coolant loop
2) F.S. = Full Scale
3) N = North coolant loop
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TABLE I I

PRESSURE CONTROL SYSTEM SIGNALS

SIGNAL SOURCE AND
IDENTIFICATION

P601
Steam Pressure

PRF M50 Output

Pu Selector
Relay Output to
Servo

Ps Servo M o t o r ^
Oil [Left (North)
By-Pass]

Pp 8, Control Oil

Pp 30, Servo Oil

South Steam Drum
Press

South Header Press

DATA NAME

South By-Pass
P601

M50 Out

Pu Select

Servo Motor

Control Oil

Servo Oil

South Drum Press

South Head Press

PRESSURE
RANGE (psig)

600

0

0

0

0

0

0

0

- 900

+ 72.5

+ 72.5

•• 500

- 100

- 600

•* 900

* 1500

SIGNAL RANGE
(VOLTS)

-1

-1

-1

-1

-1

-1

-1

0

to

to

to

to

to

to

to

to

-5V

-5V

-5V

-5V

-5V

-5V

-5V

+ 5V



RATIO
/BEFORE\

\ AFTERJ
MEAN

r.m.s.

pk-pk

/AMP2 @
1.11 Kz

RAT 10 OF

BEFORE

SOUTH
BY-PASS

1

5

4

23

001

64

10

2

PRESSURE

TABLE III

CONTROL

ADJUSTMENT/AFTER

M50
OUTPUT

1

1

1

28.

006

10

28

7

SELECTOR
RELAY

OUTPUT

1

4

3

25

004

82

83

3

AND TURBI NE SYSTEM

ADJUSTMENT OF M50

CONTROL
OIL

1.000

2.31

1 .70

5.3

SERVO
OIL

0.999

5.94

3.08

26.4

PARAMETERS

CONTROLLER

SERVO
'MOTOR

0.992

2.89

1 .85

5.92

SOUTH
DRUM

PRESS

0

3

2

25

.989

.41

.89

.1 1

SOUTH
HEAD
PRESS

0.990

1.13

1.31

8.8

00
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Fig . 2 Schematic Diagram of Typ ica l Spat ia l Neutron Flux Modes
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Fig. 3 Power Spectral Densities Obtained from Channel Parameter
Signals During Low-power Reactor Operation.
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Parameters During Low-power Reactor Operation.
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SOUTH BYPASS PRESS.. P6OI

MSO OUTPUT OL PRESS

SOUTH HEADER PRESS.

SOUTH STEAM DRUM PRESS.

Fig. 6 Power Spectral Densities Obtained from Pressure Control
System Parameters During the 1 Hz Investigation.
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Fig. 7 Power Spectral Densities Obtained From Pressure Control
System Parameters During the 1 Hz Investigation.
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FIRST AZIMUTHAL RESPONSE FUNCTIONS.
30% F.P, 5 0 % F.F, BOOSTERS PARTIALLY INSERTED
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Fig. 9 First Azimuthal (Uncontrolled and Controlled) Response
Functions for a Reactor Condition of 30% Full Power,
50% Full Flow and Top Booster Assemblies Partially
Inserted.
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