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This work is a study of the metnods of parameters
identification used in reactor dynamics study, witn
application to BEgyptian research reactor E-HR-1 .

The approach is based on statistical analysis of
random varistions in neutrons density @ue to the dif-
ferent variables. The neutrons fluctuate due to the
random nature of fission, random movement of control
rods, irregulasrities in coolant flow in primary loop,
‘the bubbles in tie active zone, and the temperature

change in the reactor core.

A primar; cdiccussion of tne theory of statistical
fluctuations in chain reastors is included, nowever,
tnis discussion is vinsed towards engineering appli-
cation ratner tnan rigorous mabthematical derivations.
Using the fundamental concepts of statistics {corre-
lation, and spectrum density), experiments were con-

dugted on E-RK~] to identify its parameters.,

Tne measurment of prompt neutron life-time, and
the estimeiion of tne absolute power of the reactor
for very low lcvels, were thne aims of the first ex-
periment conducted. Tne experimental result of neu-
tron life tine was in agreement with the theoretic:sl
value calculated using two-neutrons groups approxi-

matione
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Taere was sowme disagleement detectea in power
level estvimation wiicn calls for new calibration ol

concrol room instiuments.

The identifecation of the temperature feed-back
loop transfecr function was tne aim of the second ex-
periuent. The experimentval results of the process of
heating the reactor core with almost a step change
of power were analyzed, and the freguency response
was calculated. These results nad been compared with
frequency responses of the derived theoretical model.
The model proved useful in parameter calculations an-
found in agreement with experilcents and previously uv..:

published worz.

The perturbations in The coolaunt flow, and the
irregularities in moaerator due to bubbles, change
the reactor dynamic cnarateristics. Tne third ex~
perirent was cavricd out to clearify these factors,
and to deter.i.: tneir spectral charteristics., The
interpretation o. vi:ese results and their dependence
on tne rate of flow of coclant in priwmary loop is dis-
cuszed. Tne dau ed resonances ag a function of tae
frequency were detected experimentally and found in
agreement witn taie tneoretical study and previcus

work.
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A main feature of this work is tuat all experi-
ments not require special in-core equipment, and the
measureaents are made in relatively short time, Also
they can be performed without disturbing normal ope-
ration (except tne transient experiment), and safety
standards of thne reactor system, wnile giving a power-
ful method for identification reactor dynamic proces—

5€e8.

In this study a mixed analog and digital tach-
niques was used xn general, as far as contineous re-
cording followed by digitization, and off-line digi-
tal computer calculations. Thnis proved to be gquite
useful since it pzives access to autocorrelation fun-
ction, as well as power spectrum. For measuring
neutron life-~tiue, and for estimating the absolute
power level a freguency analyzer was used to obtain
tne power spectruam of neutrons fliux directly, wailen
nas the advantage or reaculng results directly as

recorded on tne instviusent.

The algoustniums, and computer codes winich were
written for calculations are given in appendices.
Tne codes are written in FORTRAN langusge. The cal-
culetions are cerwvied oubt on IBM-1130 and ICL~1905E
machines neld at computing centers of Ain-Snams and

Cairo Universities respectivels.
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This work 1s a study oi different metnods of
parameter identification used in réactor dynamics
study with application to the egyptian Research
Reactor E~RB~1, to identify its dymamic parameters
in control loop. The dynamic process of a reactor
is mainly influnced and controlled by the charate-
ristics of the primary coelant loop which represent:
the main controlling loop. The complete study of
the effects of this loop (temperature and flow ef-
fects) on reactor dynamics, as well as tne identi-
fication of the reutronic benaviour ( neutron life-

time) of E~kiE-l ¢ ctor is covered in this work.

E~KR-1 15 a tnermal netrozeneous research revctow
of Soviet type Ww-R serving for radio~isotopes pro-
duction and phnysice expriments. Its fuel is uranium
enricned to 10% in uwraniuvm-255, The uwiranium fuel
is in Vvpe form of rnds grouped as baskets asuebled
in an alluwainium cylinderical taunk filled witn dig-
tilled light water , wnich serves Lor moderation,
reflection as well as cooling system in a closed lco
forced circulztion. A deaerator is connected with
vne cooling civcult in perallel and ¢irculates 109

0¥ the primary flow %0 1id the distillated water
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from evalved combuioible gas. The powver gencraterd
in the reactor is transfercd to vhe ordinary wabter
secondary locp. The bbalogical shield is wmade of

neavy councrete.

The reactor is provided with nine horizontal
and aine vertical chaunnels as experimental facilities.,
Thne maximum theraml flux is 2x1013 n/cmafsec, witn

& mean of lOl3 n/cme/sec.

The measurment of prompt neubtron life-time was
the aim of the first experiment c¢conducted. The prompt
life~time %5 the average time elapsing between the re-
lease of a neutron in a fission reaction and its loss
from the system by absorption or escape, assuming all
the neutron are prompt. Also, in The same experiment

the reactor power was estimated for very low levels.

The increase of the temperature in the reactor
core will decrease tne density of the reactor moderator
and reflector. Also tne fuel cross-sections will
cnanged, as well as tne leakage probability. This
pnencmena is suown as “Temperature feed-back%. The
iderntificakion of the transfer {unction of this feud--

back was thne aimm of tihe second experiment,.

The perturbaticns in the coolant flow, and the
irregulaxties i noderator due to bubbles change the

reactor dynamic cunuirateristics, The third experiment
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was carried oub te clearify tnese actions.

Tne different metlnod wrich may de used for re clhor
parameters identification can be classified into two
categories. The first is known as the deterministic
metihods, the other ihas the name statistical or adetoi-
ministical mebtnods, In the former the reactor is
excited with a known reactivity function, These
functions may be periodic (e.g: sinusoidal), or av.. .-

idic (e.g. step or ramp).

The statistical metnods depend on the analysis
of the neutrons dancing, in the reactor, over the
average level. .is meutrons fluctuation is known as
the neutrons noisc. Neutrons fluctuate due to the
randomnature of Ifission, random movment of control
rods, irreguliarities in coolant flow, the bubbles
in the active zone, or tne temperature cnoange in toe
core. These metoods nave the advantages that they
can be performed wivnout disturbing normal operational
mode, ng specilal in-core equipment is reguired, the
measurment is made in relatively snort time,; and no

sefety nazards are expected.

Tnese statistical methods for stgdying the dyiu -
mics (or, kinetics) of a system nad been applied ir
many area before it was used in reactor analysis.

The first vkl istec rowvestizantions (12) btreated i
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theory of the neutrons fluctuations at low power
level, In 1957 (3,%,5) noise analysis technique
was applied tco obtain informations about 1eactors

Kinetics.,

The statistical analysis may be carried out in
time, or frequency domains. In time domain it is
necessary to measure the statistical correlation
between two random variables (agreactivity P and
neutron density'h) or the correlation of a pendon
varisble with itself. The function that characte-
rizes the degree to which value of a varying quan-
tity n, are related to another quantityfat some tine
later 1s known as cross—correlation, The autocor-
relation is a special case of cress correlatichs

where the two randouw variable are the seme (e.g. n

In frequency domain, the interesting function:
to be measured, or calculated are the power spectira .
Tnese spectra mey be measured directly using fregqu-
ency (or narwonic) cnalyzer, or may be calculated

from correlation functions.

The Fourier trausform of the auto and cross cor-
relation functions will yield the power and cross
power spectra respectively. Tihne transfer function
of any linear dynamic system is related to these

spectra.
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For a reactor of input reactivity ~ and outpud
neuctron density n, let the power spectra be i:nn
(w) &‘ia? (w) respectiveiy. The reactivity power o -
ctrum egual to the neutron power spectrum multioclic.
by the square of amplitude of transfer function. Al:fc
the c¢ross—power spectrum between n and f’(@ﬂ‘> (w) &
equal to the transfer function of the reaclor multi-
plied by the power spectrum of input reactivity. Froo
the transfer function, the parameters which are %o be
determined can be ddentified. The detail discussiors

and mathematical relations between the spectra and

transfer function are included in appendices land 2.

The statistical malysis may be based on analo;;
or digital technicues using on or off-line principles.
In the following study, a mixed anoleog and digital
techniques are used. For measuring prompt neutron
life~-time, and for estimating the absolute power
level a frequency analyzer is used to obtain the povewr
spectra of neutrons. In the other experiments an
analog recordziiu; followed by digitizatioan, and oifl-
line digiltal correlation and power-spectra analysis
is uaed,

Tris thesis is devided into taree chapters in
addition to the appendices. The following gives
a snort descriptiou of the contents of each of thesec

chapters.
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Tne definitions of quantitles involved, revie-
of wathematical relation discribing statistical na-
ture of fission process, review of the different
techniques, toneoretlical derivations, experimental
sett up discription, as well as the experimental data
and results for measuring tne prompt neutron life-
time and absolute power estimation are given in the

first chapter.

The seconu cnapter, c¢ontains work on modeling.
The ecxperimental results of the process of heating
the reactor core withh a step change of power up to
2MWs are analyzed, and the frequency response is
calculated. Thes- results has been compared with the

fregquency responsc o tne derived theoretical model.

T%f determinaclon of spectral charateristics
of butbes and pumps noise (due to the irregularity
in tne flow) is included in the taoird chapter., The
scneme of experimental work is /,1ven, as well as
the results, Lne ilobteprpretation and discussion of
tness results, and tne cowmparison witn tae theor-

etical caleculations is alse included.
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The algorti .8, and computer codes which were
written Tor calculutlion are giver in the appendices.
The calculations are carried on IBM1130 and ICL
1905 B computers neld at computing centers of Adn-

Shams and Cairo Universities, respectively.

Central Library - Ain Shams University



CHAPTER I

ulASUREMENT OF PROMPT NEUTRON LIFE-TIME AND ABSOLUTE

lel
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1-5

POWER OF E~ii-1 BY NOISE TECHNIQUE

Review of liathematical Relation Describing The
Statistical Nature of Fission Process,

Review For The Methods For Determination of
Prompt Neutron Life Time.

Theoretical Calculations of 1,

Experimental Work For ieasuring 1.

Power Estimatione.
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1~]1 Review of dathematical Relation Describing

The Statistical of The Fission Process:-—

Tor any nuclear reactor the power is equivalent
to the corresponding rate of [issions of nuclie of
the Fuel (Fissions /sec.) For analysing any phenomena
concerning tae chain reaction in bthe reactor, we must

consider its effect on the neutrons population No.

Let, W (sec) represents the mean time elapces
between the neutrons are produced in fission until
their loss from tne system by absorption or escape.
This factor is known as the neutron life time. And

k the prompt neutioon multiplication factopr is the

pl
excess of prompt neuirons in a finite reactor from
one generation over the proceeding generation per
unit of those in the preceedin;; generation. Hence,
the rute of chanze of neutrons population no at any

instant t, which is the cnange of neutrons per unit

time, can be expressed by,

&ﬁ ﬂhf

= - SRLAI —Q—(T-Rf]a AW (1)

§-
The constant d‘=-i§3-is the neutron decay

constant, and is krown as “Rossi-Alpha' coustant,
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