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ABSTRACT:

In the article, the definition of the reactor opera-
tional diagncstice is presented and rundamental directions
of the research are determined. The poseible sources of
the power reactor malfunctions, the modes of their detec-
tion, the data evaluation and the analysic of the resvlts
are discussed in detail. ¥ith regard to ths absence of
essentisl theoretical basis and insufficient in-core
instrumentation, the operational diagnostics cannot be pre-
sently incorporated into computer-aided reactor control
system. | '




INTRODUCTION

With a continually increasing specific load of the core
of the second generation power reactors and with an in-
creasing part of nuclear power in the production of electric
energy, a necessity of mustering a new branche, so called
rea:tor operational diagnostics, appears. Even though an
exact definition of this new scientific branch does not
exist at present, i1t is possible to characterize it driefly |
as a summary of information about the reactor /including
the whole primary circuit/ and about the processes occurring
in the reactor, without affecting fundamental safety TUles
and instructions, including rwclear safety.
Two fundamentsl groups of works follow from such a con=-
ception: .
- determination of a dynamic model of the reactor and spe-
cification of its parameters;
- establishing, evalvation, interpretation, localization
and determination of the degree of the danger represen—
ted by the reactor noise sources and its possidble linking
with the power station control system by means of the
digital computer.
The first group wvepresents problems of so-called
low=cycle dynamics of the primarvy circuit as a whole and
. will not be discussed here. They may be divided into the
following subgroups: .
-~ determination of feedback coefficient, determination of
_time constants '
- determination of the transfer function "coolant flowe
rate + power"
- determination of the transfer function "inlet coolant
tennerature #+ power”
- determination of the reactivity of control rods
- determination of the primary caircuvit constants
/e.g. diffveion time/.
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The second group of works is very extensive and bears
a pronouncedly interdisciplinary character. The main ideas
are discussed in the following.

1/ Possible sources of power reactor noises at the time of
steady stat2 operation.

It is possible to specify the basic types of noiase

sources as foilows:

- the forced circulation of the coolant

- the mechanical vibrations of the core and of primary
circuit colponents

- the fission reaction in nuclear fuel

- the fluctuations of the coolant flow-rete and coolant
temperature

= the boiling crisis of coolant

- non-homogeneities in the coolant.

1.1 Forced circulation of coolant

This concerns all power reactors. It results in
the formation of exciting forces of hydrodynamic and acous-
tic origin, or in Zarman s vortex street. Mechanical vibra-
tions of the reactor and primary circuit components repre-
sent the final effect. Txciting forces of hydrodynamic
origin are represented by boundary layer pressure pulsations.
Exciting forces of acnuatic origin are such forces,
which can be, without remainder, derived from baslc laws of
mechanics, specially from this part of mechanics referring

to technical acoustics, It is possible to classify them as

follows:

- the turbulent noise: its frequency spectrum has broad-
band character. It 1s caused hy shearing stress /Light-
hill ‘s atreas tenzor/ either in the core of the turbulent
flow or in the turbulent boundary layer. In ideal case,
the power spectral density has a character of "white




noige”. It can be simulated‘either by quadrupole /the corres-

ponding acoustic power is /WQC’C /, or by dipole /corres=-

ponding acoustic power is W~§U ‘<’ .

- the acoustic pressure, emitted into the primary circujt
or into outer space by circulstors: its power spectral
density /PSD/ has a broad:band character with sharp peaks
at ®requencies, corresponding to so-called hydrauvlic pre-
asure pulsations, The broad-band character of PSD resvlts
as a consequence of by-passing of rotor blades, stator
blades or another parts by the coolant flow or as a con-
sequence of intensified initial turbulence. ‘ydravlic
pressure pulsations /'IPP/ are generated by the non-uniform
speed field at the output of rotor blades or by rotor=-
stator interaction. The frequency spectrum of radial pumpas
i1s given by the relation £, =m 4+, and the emitted po-
wer level /PWL/ can be expressed by the relation

"
P/ = Afoo?%u,zo;—g

Under definite assumptions, which are always satisfied in
power reactora, the oropsgation of HPP in the primary
circuit is determined by the wave equation.

- acoustic pressure pulsations /ArP/: they are given by

eigenvalues of the wave equation solution in cylindrical
geometry. The acoustic pressure, correaponding to APP, is
given by the relation
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The frequency spectrum is discrete. It may be proved
that in primary circuit can be propagated only auch AP?,
frequenciss of which are higher or equal to so=called
"cut-0“f frequency”, fﬁm. given by the relation

m
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Constants o .. are tabulated ¢.g. in /1/.

acoustic pressure emitted by vibratidg component:

certain part of exciting energy, which is absorbed by the
component from the coolant, is reemitted to surrounding
external medium, Mathematically, this effect may be des~
cribad by simul taneous solution of the equation of compo-
nent motion and of the wave equation. There exist three
basic possibilities for PWR reactors

vibration of control vrode and fuel elements

horizontal relative movement of pressvre vessel and core

barrel .
vertical relative movement of pressure vessel and reactor
internal components

standing wave gorgan-txge pipe resonance(:

the question goes about rather specific effect, which
occurrs often in the piping section between the circula-~
ting pump and reactor or the pump and steam generator or
the reactor anath;eraton Calculating the frequen-
cy spectrum, the following alternatives can take place:

- open -~ closed enda, e.g.
" Co

1l
- open - open ends, e.g. c
L4
=1

Generally, the frequency spectrum of a primary circuit may -
be considered as an acoustic system /waveguide/.

A special group of exciting forces is formed by so called
Xarman's vortex street, which has the origin in the vor-
tex shedding behind bluf€ bodies. The frequency of wakes

is given by the value of Strouhal ‘e number Sh =fo U
which is the function of the Reynold s number Re. The
established experimental dependence for an isolated circu-
lar cylinder is shown on Fig. 1.

The special case is the vortex shedding behind tube bundles.
The explication of these effects is considerably extensive
and it is poassible to read about it e.g. in /3/.




1.2 Mechanical vibrations of comronents.

It is evident from the last paragraph that any
arbitrary component of the core or of the primary circuit
i1s in fact "submerged” in the fleld of ecxciting forces
of hydrodynamic or acoustic origin. The interaction re-
sults in the vibration of components, which can be descri-
bed in accordance with contemporary terminology as
follows:

- forced, or in the most disadvantageouvs case, resonant

vibration
- gelf-excited vibration
= gelf-controlled vibration.
The first two types of vibrations are caused by excitiig for-
ces of hydrodynamic or acoustic origin and nearly in all
cases have the character of a stationary ergodic random pro-
cess, The steady state of power station operation is the
necessary condition. In the case of the self-excited vibra-
tion, the frequency spectrum lies in the band of the lowest
characteristic frequencies of the components, while in the
case of the forced vibrations the exciting forces are repre-
sented by hydraulic pressure pulsations.

The self=-controlled vibrations are caused by Xarman’s

vortex street whose character is generally deterministic;
in the range of Re numbers 106 - 107 it 1s stochastic. The
component vibrates always with the frequency of separated
vortexes and the dangerous state is reached when the vibra-
tion becomes resonant. This part is in detail described in
/3/

1.3 The fiseion reaction in the nuclear fuel.

Even in the case of excluding all external distur~
bances cavaing noises, the neutron power of the veactor
is not constant in time; small, but permanent fluctuvations
nf reactivity occur. The explication of this effect is
in the very stochaatic nature of the fission and'it is
not poasible to eliminate it in any way.
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If all neutrons occuring in a given elementary volume
R in various times were uncorrelated, the neuvtron fluctua-
tion would obey the Pnissons distribution:
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In this case, the variance would be equivalent to the mean
value, 8o that if the distribution of all neutron popula-
tion in the reactor were Poigsasoneouvs in all cases, the study
of fluctuations would give information only about the mean
value of the neutron flux. However, the fluctuations of the
number of neutrons emitted during the fission and the flue-
tuations of neutron 1ife times carse the non-poissonian
nolse, whnse study at the zero power can give valuable in-
formation about kinetic properties of the core.

General theory of the reactor noise ias derived from the
Chapmann-~-Yolmogorov equation under the assumption that the
process is of Markovian-type. On thia basis the balance
equation for the probability P /N, C, Z, t + dt/ i3 derived
requiring, that in time t + dt there will be N neutrons and
C predecessors and in the interval from O to t + 4t there
will be Z detections,

P(NCZ tedt) = PINCZEHI-/SCh NV A, )] §
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It P /x, ¥y, %, t/ ia & distribution function of a prodba=
bility distribution P N, C, 2, t/ and £ /x, y/ 1is a distri-
bution function of a probability distridbution p /v, w/ and
1e £ x"plow), it 1s possible to write for the case
dt - O the partial differential equation
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From this equation it is possible to compute directly
particular moments P /N, Z, t/. The first derivatives at
x =y =g =1 lead to the point kinetic equation, the higher
order derivatives under the same conditions descridbe fluc-
tuations of neutrons, of their predecessors and of the num-
ber of detections. .

In the neutron noise analysis of the random periodical
eignals, the noise caused by the stochastic character of the
fission represents the dackground.

1.4 The boiling crisis,
This disturbance ie characteristic for pressurized wa-

ter reactors. The danger for the operation consists in the
fact that reaching the state of the crisis is accompanied
by an abrupt reduction of the heat transfer coefficient,
which can result in the damaging of the fuel elements. From
the view point of diagnostics, the starting point of boiling
is accompanied by high~frequency acoustic emission, as a
consequence of the implosion of created steam-bubdles. This
effect can be registered with a suitadble detection device.
The methods of detection of acoustic noises are in an
advanced state., The detalled description can be found in /5/.
The crisis of boiling can be detected by means of
nevtron noises. The most important liwiting factor in the
case of application of the ionization chamber as a detector




are fluctuations, connected with the stochastic nature of the
registration process. For the detection of noises the follo-
wing condition must be satisfied:

G, .0

[~

where

G, = ol ef ) 2af we?if<d

and noises occur in the frequency region Af of the frequen~
cy f»af

Detailed experimental research was made by Rajagopal on
the light water reactor SAXTON /12/. The application of expe-
rimental reactors for scme proof measurements is also possib-
le.

1.5 The fluctuation of flow rate and temperature of coolant,
At a stationary operating power station the operating

state of a circulating pump has not a fixed position on the
. characteristic, but is fluctuating around some point. Thie
results in the low-cyclic flow-rate changes and in the fluc-
tvations of the fuel element cladding temperature. Finally
it results in the variations of the reactor nevtron power.
This effect is common for all reactor types with the forced
eirculation of conlant and is discussed in detail in /6/.

1.6 Non-homogeneities in the heat transfer medium,
This type of disturbance occurs only in reactors with

presaurized water or with 1iquid metal. In quesation are

rather special cases, cauvsed e.g. by :

= non=homogeneous distribution of the boron acid concentra-
tion /in the I'R's/

- occurrence of bubbles as a consequence of inasufficient
degaseirg.

Ll 2% T
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The special type of disturbance 1s so called acoustic
enission of wmaterials which ie connected with diagnostics of
structural integrity of power reactor preasure veasel. This
is described in detail in /7/.

By this, the part analyzing fundamental sources of dis=~
turbances in the primery circuvit can bte considered as finis-
hed. The following part concerning their registration, eva-
lvation, analysis, localization and determination of the
degree of danger will be directed only to the points
1.1 + 1.3.

2. The vregistiration of disturbances.

2.1 Neutron noige detectors.

The standard equipment nf modern power reactors is the
in-core instrumentation; for diagnostieaf purposes the main
significance have nevtron detectora and eventuvally gamma
detectors. The largest advantage of the utilizatior of in-
core instrumentation for noise analysis lies in the fact that
it does not introduce external disturbances into the core.
This is neceésary from the operationral point of view.

The most convenlent and mnst used detectors nf reactor
noise are ionization chambers, whose power spectral density
o{ the current noise may be written in the following form:

Sy = 2gef s 2gFe 2L -1 ! il s gl ol ) ) 6)

1

The first term of this equation describes the fluctuvatione
connected with the statistic process of registration in
ionization chamber, the second term describes the fission
reaction rnioise and the third one describes the influence of
different noise components of the reactor reactivity in the
energetic regime, From the same equation it is evident th !




the relation among the three sources of noise in an ioniza-
tion chamber ias strongly deperdent upon the effectiveness &
of the detector. When the standard location of chamber in the
contrnl system is vsed it is possible /under assumption
£4<ﬁ2 / to neglect the second term in the comparison with
the first one so that in the energetic regimz dominates the
third term. _

Very promising detecting elements which find ever broa-
der application in in-core instrumentation systems of power
reactors are so called self-power neutron /SPN/ detectors,
sometimes called after their discovever the HYilborn's
detectors,

From the neutron nolse diagnosis standpoint the most
attractive detectors are so called SPN detectors with prompt
response. Their output current is generated by electrons from
Compton effect and photoeffect, induced by nrompt gamma
quants frnm /n,d* / teaction in in cnbalt or platinum ewit-
tera. The response time of this detectnr is 1imited only by
the frequency response of the measuring circuit. It is po-
gsible to use the SPN detectors with vanadium emitter deve-
loped by "7ODERN". The current in this detecting element 1is
cavsed mainly by beta-particles which are emitted from the
activated nuclei. In this case the response time 1s determi-
ned by the half-life of V°2 which is 3.76 minutes. However,
the formed compound nuclevs emits immediately after the
neutron absorption a gamma quantum producing nevtrons by Comp=-
ton effect and photneffect. In the core 0of the power reactor
the emitter ejects the following electrons by the same phy-
sical hechanism, moatly cavsed bty the prompt gamma radiation
from the fission. The two last effects are prompt, sn that
the resuvlting sensitivity of vanadium SPi detector from the
dynamical standpnint is composed from btnth delayed and prompt
parts. The prAmpt component in common types forms about 5%
of the delayed one. Tntirely analogous mcchanism occurs in




N T

rhodium SPN detectors. Half-life of ThiC% 1g 42 sec but in
comparison with vanadium SPN detector it has substantially
higher burn-up /3.% per month/, while that of vanadium is
only 0.12% per month and of cobalt 1% per month in the ther-
mal neutron flux 1014 n/cm2s. From the above mentioned rea-
sons the vanadium SPN detector is very perspective detecting
element for in-core instrumentation and its power spectral
density at the frequenciesfzp 0.08 Yz has the same shape as
a power spectral jensity measured with cobalt SPN detector.

Resides from the neutron flux it is poasible to obtain
infcrmation about the state of the reactor alsn from the
prompt gamma radiatinn. The advantage of noise analysis of
prompt gamma quants may be in the fact that thanks to grea-
ter free path of gamma rays thelr detector is evidéntly less
sensitive to local effects than neutron detector and a sui-
table construction of scintillation detector can secure the
discrimination of undesirable effects cavsed by the gamma
quanta from fiassion products. For the routine measurements
the nolse analysis of gamma quants is not used till now,

2.2 The classical detectnr elements.
Tor the determination of other sources of disturbances

the following ccmmon types of detectors are used:

~ a gensor of pressure pulsations with frequency range 0.1 Hz
and higher

an acceleroneter with the same frequency range

strain-cavuges
micrnphonee /for the detection o the nnise radiated e.g.

i

by eircular pump to the external envirvonment/

the thermncouples with very low time constant.

Thua the matter concernsavailable cnhmmercial types.
Coniaidering  that the most of these detecting elements would
wotk for a long time in the high neutron flux, it is necessa~
ry to golve the questinn whether their exposure does not

rv—— eyt . -y = r
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influence their sensitivity.

3. The evaluation of measured quantities.
After registruting a disturbation signal by some of the

above-mentioned detectors it is preamplyfied or the undesi-
rable frequency band is filtered off. Further processing must
account for the fact that in the steady state conditions the
analyzed effeét bears a character of a-stationary ergodic
random process and so the spectral analysis is to be perfor-
med in a real time scale. Alternatively, the self-correla-
tion or mutual=-correlation functions or power spectral densi-
ties must be determined. '

The contemporary state of measuring techniques gives
three baslic alternatives of the evaluation. The simblest
equipment is compnsed of the classical devices which treat
the signal by the analofue way. The main elements are the
broad=-band or nerrow-band frequency analyzer and the level re-
corder. The transition to the required power spectral density
will be performed either by conversion of measured data in
accordance with defining relation or by complementing the
measuring system by a suitable filter. If the correlation
functions are required, then instead of the analyzer and the
recorder some standard typea of correlators are vsed. The
disadvantage of the described way is the small accuracy of
the measurement /we can never establish instantaneous spect-
ral density/, the long evaluation time and, moreover, we must
add the subjective affect‘on of the measurement by the expe-
rimentator.

The further measuring alternative is repreaented ty the
hybrid system treating the signal ir an analog-to-digital
way. The instrumentation consists of the analog-to-digital
converter /if possible with auxiliary memntry/, of the digital
computer with high-speed printer and of the apectral analyzer
working in the real time jointed parallely to it. The system
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conceivad in thie way has a number of advantages against the

preceding one, e.g.:

= the spectral analyzer makes the visuval control of the wat-
ched procesa possible, including the decision following
from it, which part of the process is interesting and has
ty be analyzed in more detalls _

= the digital part with the help of suitable algoriiiims eva=
luates the measurements in the off-line system.

The third alternative is made by the single-purpose
hybrid systems which perform at least the third-of-octave or
narrow-band frequency anslysis in the real time. In addition
to it, they may with the help of the standard programs compu=-
te the correlation functions, power spectral densities, mean
square values and so on, The typical examples are spectral
analyzers 3347 and 3348 of the firm Briel and Kjaer or the
Fourier analyzer of the firm Hewlett-Packard., These instru-
menta perform on-line analysis.

4. The interpretation of the results of measurements and
localization of the disturbation sources.

In fact these problems make the heart of the operatin-
nal diagnostics and from the preceding its complex character
is evident. On the basis of the contempnrary state of the
knowledge it is, thnugh, possible to create a certain type of
the mathematical and physical model for the interpretation,
bit its sipgnificance 1s only methndicai. In practice it 1is
always necessary to respect the differenzes of the individval
tyres of power reactors /their conatructional desiszn and
arrangement of the primary circuit/, whizh will influence
the ¢hinice or the preference 0f the certain tyne of the
3ensor.,

The fupdanental assumptions for the deaign of the model
are:
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= the investigated process is random, stationary and ergodic
- the dynamical properties of the reactor /from the point of
view physical, mechan'~ai and acoustical/ may be expressed
7 the corresponding transfer function
-~ it is possible to express mathematically the power spectral
density of the disturbation sources according to 1.1 - 1l.3.
- the respodse of the reactor as a dynamic aystem to the
inout disturbations is both definable mathematically and
verifiable experimentally. It means that there exist non-
zero values of the power spectral density 4;/@)' of the neu=-
tron flux, cnolant pressure pulsations, core component vi-
brations and the radiated noise,
Then it is possible to wtite
N N
S-(é/(u) = E/lﬁ/(gw”z\s‘,(”) (7) '
3= Jof
The concrete expressions for the corresponding paira)kfﬂldﬂ
and S (w) are following:
- tre mechanical transfer function of the cere components or
of the primary circuit components

‘ /
W] aer)in (-0t e (Pfsaw)']

(8)
S(Q):Coﬂf +e+ the broad-band noise

SJUJmld?Q%‘Q) ..o acouatic and hydravlic pre-
ssure pulsaticns, radiated
acoustic pressure

= the acnustic transfer function of the primary circuit irnce
luding the vreactor

[, 1)) f (Mo, 00,4 )
S‘(w) v d (- w)
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The concrete form of the function {QYﬁh;u/[) is
coneiderably complicated and is dependent c:. the design of
the primary circuit.

In more details it is ponasible to learn about the deri-
vation of fkék;;dg in /S/.

- The transfer function of the reactor core with zero power
is given by the reldtion

¢
g RSP 2
' ,_z_Jmﬂu} Vo) ﬂqhu+%j’ (ﬂ
R I bty
Ik ) /1 I (cwrr;)
e
where 7 of the transfer function poles are defined by
¢
I il 1S 8.0 (o
/{.' {¢o+/:.; i (LQ)-}/{//‘,&/-I f/gl,/ﬂ {w,«/f_,‘) (10)

The reactivity changes are the input disturbations in the
equation /9/. The various technological processes act on the
power level by means uf the temperature reactivity coeffici-
ent, so that the reactivity noises preceed the power noises.
Further, the reactivity 1s affected by the random vibrations
of the reactor construction components, especially of the
regulati.ig rods and fuel elements. Koughly it is possible to
say that the vibrating absorber is more effective than the
stationary one, but the vibrating fuel element causes the
increasing of the thermal utilization coefficient; the increa-~
ge reactivity acts as a positive feedback /10/.

The practical experiences show that by analyzing the
arbitrary output signal by one of the three abnve mentioned
methods it is very 4ifficult to localize the source of distur-

Installation .
batinn.of strain gavges or of the accelrarometers in the reac-
tor vessel 1s not posaible for safety reasnns, so that the
only source of information about the processes in the core

are the in-~cnre sensnrs or the pressure transducers 1f they
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are instaslled. Thus if the resonance appears in the neutron
flux power spectral density, it is not possible to determine
with certainty whether the resonance is cavsed by the change
of fkéglw)ﬂ or of J%ﬁu) . Analogically, analyzing the
nower spectraldensity of conlant pressure pulsa“ions enables
to localize with certainty only the circulating pump as a
source of hydraulic pressure pulsations.

Trom these reasons one makes use of the crnss correla-
tion functions or the cross power spectral densities. One of
the 3igrals is slways from the in-core seneor, the other
eitnzpr Trom the preasure transducer, the thermocouple, the
mierophnne or the acceleroreter, which can be installed csome-
where on the reactor vessel,

By this the possibilities of 30 called "passive” locali-
zation of disturbation are worked out. The nature of the
"active"” localization is in an artificial prnduction of dis-
turbations in a manner which doses not disturb normal opera-.
ting conditions. In the course of it oszillatory measurements
and noise analysis are being completed. The oscillatory mea-
surement leads to the determination of the transfer function
and the noise analysis gives a possibility of the determina-
tion of the power spectral density of the reactivity fluctva-
tions /13/.

5. Determining the degree of danger of the disturbation.

Let us suppose that the disturbation in the reactor ia
localized by some of the above-mentinned methoda. For the
operational safety i{ 13 necessary to determine its admi-
asible value an’ to estimate or measure the pnssible cnnse=
quences of the pntertial excess. In the first thase, the
tesults of the analysis of the alalogue or analytical compu-
tational methods are applied. The results of the dynamic
measurements from the complex reactor testing period will ha-




ve 2lso a great weight, 1f they were properly projected and
performed. In this period it is possible to perform for
exanrle some tensometric measurements in the core. The conclu-
aiong from the experiments on the non-active loops or on the
regearch reactors, where it is poasibie both to generate the
disturbatinn and to analyze its response will have of course
the definite word., It is necessary to pay attention to the
extrapolation of the obtained results. It is necessary to ta-
ke into congideration that nearly all occurring processes are
statlonarv, randon and ergodic. It means that the applied
test equipment must be either in the scale 1l:1 /e.g. full=-
scale model, which is sometimes cnnsiderably expensive/ or it
is necessary to have theoretically well=founded and exreri-
mentally verified laws of model similarity. Thus, the works
of this type need the team work of the theoreticians, expe-
rimentatnrs and the owner of the astation in sany case.

The Jjuridical aspects of the noise measurements are worth
of mention, tno, The contemporary level in the area of the
noise measurements interpretation in the world dnes not give
possibilities tn accept criterions for the interyention of
thz operator in the case of on-line reactor noise detectinn,
tn say nothing of the automatic intervention of the safety
and regulation syastem in the course of possible on-line pro-
cesalng of the nnige siznals. In this case, the responsibili-
ty of the operator who gathers measured data i1 not «lcar in
the cage that after-the=bresdown analysis of the noise data
shows a change of the power apectral density in the time pe-
rind correlated with the breakdovn. The obligation of the
operator to atnp the power station and to canae pnssibly con-
aiderable financial 1nases in the case that noise analysis
shows unexplainable but conspicunus changes which cannot be

correlated with other monitored variables cannot be specifi=-
ed at this time.

PR P SR TR A Y D T3 R YU A I FRTTUMS . £¥ - T -




- 19 -

CONCLUSION.
This article intended
- to make clear the term "power reactor operational diag-
noatics”® )
- to qulify the basic trends of worke
- to point out the mutual coupling of the separated partial
problems. :

Conclusicns derived from it may be formulated as follows:

- the operational diagnostics has an interdisciplinary cha-
Tacter and may be persued only by a team-work of experts in
the fields of mechanics, nuclear physics, thermomechanics,
instrumental and computational techniques

- required diagnnstical measurements must be usuglly planned
already during the projention of the nuclear power station

- the diagnostics cannot be accomiished without a modern eva-
lvating technique )

- bacause influences of many disturtances /e.g. of vibrations
of fuel elements nr regulation rods/ on reactivity changes
are not cleared up til11 and owing to the insufficlent set-
ting of the reactor by detectors and due to the lack of data
about their behaviour in high neutron fluxes, operational
diagnoatics rannot be in the present linked up with the
system of reactor control by the digital computer and a
tong and international work will be needed before this idea
turns into reality.
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conatants “or a ziven type of a circulating
puap

gound velocity

diameter of cylindrical pipe

integration constants

frequency

mean nunber of fissions

index

Teactivity

characteristic dimension
modal nurbers

number of rntor blades

number 0€ revolutions per sec.
acoustic pressure

pressure loss

flow rate

mean charge released from detector after the
tegistration of one neuvtron

‘radial co-nrdinate

time .

mean veloclity of the cnolant

co~ordinates

modal constant

deiayed nevtrong rate

the rate nf the j=th group of delayed
nevtrons

ionization charber current

axial wvave number

Yronecker s delta

detectnr e®ficiehcy /number of readings per
Pizaion/ .
probability of predecesanr’s delayed neutron
eniraion in time unit

e
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radial wave numier

decay constant of the j-th group of delayed
nevtrons

1ife=time of promwpt neutrons /sec/
probability of neutron capture or escape

in time unit

probability of inducing a fission by neutron
in time vunit ,

probabllity of neutron detection in time
unit

mean number Nf neutrons released by one fi-
ssion

¥inematic viscosity of coolant

generalized damping coefficient

density of conlant

departure of reactivity fluctuations caused
by the boiling

angle coordinate

potential function

angle freguency

t'ach number

neuvtron density at time ¢t

neutron density at time O

mean number of nevutrons in volume N at

time ¢t

probability of creation of y prompt and

w delayed neutrons by one fission
probability of being exactly N neutrons in
volume R at time ¢

power spectral density .of the j=th source
of disturbance

transfer function of the fissionable medium
of the zern=power reactor core -~
mechanical transefer function of the compo-
nent
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acoustic tranafer “unction of primary cir-
cuit

including the Teactor

transfer function of the reactor in a given
power Tegime

so called Diven’s factor

- e er e
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