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ThiS work is a study of the methods of parameter'3 

identification used in reactor dynamics study, with 

application to Eg~ptian rese&rch reactor E-RR-1 , 

The approach is based on statistical analysis of 

random variations in neutrons density due to the dif­

ferent variables. The neutrons fluctuate due to the 

random nature of fission, random movement of control 

rods, irregularities in coolant flow in primary loop, 

'the bu'obles in tiw active zone, and the temperature 

change in the reactor core. 

A primarc c~~cussion of the ti:J.eory af statistical 

fluctuations in cr.ain rea~tors is included. however,, 

tnis discussion i" oi:csed towards engineering appli­

cation ratner than r~gorous mathematical derivations. 

Using the fundamental concepts of statistics (corre­

lci.ticn, and spectrum density), expe.:ciments were con­

ducted on E-Rlc-1 to identify its parameters. 

Tne measurment of prompt neutron life-time, and 

the estimc,_l;io~: oi' tne clbsolute pov-rer of the reactor 

for very low lcvcls, were the aims of the first ex­

periment conQucted. The experimental result of neu­

tron life tL:o was in agreement with the theoretic:·.l 

value calculated asing two-neutrons groups approxi­

mation. 
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':\H:re was some <li.sat',l'eement detecteci. in power 

level ~stiiitcc tion IWllCf, cc;lls for new calibration o~ 

control room inst .. uments. 

The iden tifeca ti on of the temperature feed-back 

loop transfer fu.nction was tne aim of the second e~=­

periment. The experimental results of the process of 

heating the reactor core witn almost a step change 

of power were analyzed, and tiw frequency response 

was calculated. These results had been compared with 

frequency responses of the derived theoretical model. 

The model proved useful in parameter calculations an•'. 

found in agreement with ex_perLuents and previously , ___ , 

published wo:c:::;.. 

The pertu:cb<-,tions in the coola1:t flow • and the 

ii'regularities in moci.erator due to bubbles, change 

ti"1e reactor dynamic cnarateristics. The third ex­

pericent v;as ca:cried otct to cleo.rify these factors, 

and to detei'<'.l"~ cneir spectral cilal~teristics. 'l'he 

intel'_pretatioD o_,_ ~:cese l'esults an<i thei:t: dependetcce 

on tne rate of f l.ov.- of coohmt in j"JriUJary loop is c:it.i­

cu:osed. Tile dm:t_ ed resonances as a function of tile 

frequency we1·e detected e:lqlerililentally and found iL 

agreement wi tn t:1e tne oreti cal stud;;· and previous 

work. 
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A ma1.n ieatm·e of this wo:c'k is tuat all e).'}l8l'l­

ments not require; special in-core equipment, ancl the 

measurements are maele in relatively short time, Also 

they can be performed without disturbing normal ope­

ration (except tnt.: transient experiment) 1 and safety 

standards of the reactor system, while giving a powe:.:-­

ful method for identification :c·eactor dyna;nic proces­

ses. 

In this stuay a mixed analOG and digital tech­

niques was used 1.n t;eneral, r.s far as contineous re­

cording followed by digitization, and off-line digi­

tal computer calculations. Tnis proved to be quite 

useful since it givGc access to autocorrelation fun­

ction, as well as pmve:c spectrum. For measurint 

neutron life-tiw.e, ami for estimating the absolute 

po'i;er level a frequency analyzc;r viaS used to obtain 

tne power s .Pe c t:r·tL,1 of neutror: c; flux directly, which 

has the Gdvantars·~ oJ: :c~eacnins results directly as 

recorded on tne in.s·l;:r·u;uent. 

Ti1.e ale',o~·cnLJlS, and compute:c· codes which were: 

written fo~· cal cul<JtioDs are Given in appendices. 

Tne codes are ·.1:cittcn :en FORTRAN langua~;e. The cal­

culations <u·e c <.l'c.:re a out on IBM-1130 and ICL-19053 

machines held at cowputinL, centers of Ain-Shams and 

Cairo Universities :r·espectivel:. 



AJDUCTIOh 

This work is a study oi Ciili'ere<Jt metno<is of 

parameter identification used in l'eactor dynamics 

study with application to the egy-vtian Resea:r·ch 

Reactor E-~-1, to identify its dynamic parameters 

in control loop. The dynamic process of a reactor 

i.,; mainly influnced and controlled by the charate­

ristics of the primary coolant loop which represent~ 

tile main controllin6 loop. The complete study of 

the effects of this loop (tempera'cure and flow ef­

fects) on reactor dy-na~tics, as well as tne identi­

fication of the neutronic behaviour ( neutron life­

time) of E-:till.-1 ' ~ 1 c tor is covered in this work. 

E-RR-1 lS a tnennal hetro(';eneous research re:;cto~.· 

of Soviet type lii\1-H serving for radio-isotopes pro-­

duction and pnysicb expr:i.ments. Its fuel is u:ca.uiu2 

eru'icned to 10;~ in Ul'anium-235. The w.·iwium fuel 

is in the form of Tods §;rouped as b&sl:ets assebled 

in an allu;ninium cylinderical tank :filled witn d:.c.:­

tilled light water , wnicn serves for moderatio;1, 

reflection uS well as cooling system in a closed lee., 

forced circclG.tion. A deaerator :i.s connected with 

tne coolinG circuit in pa:r·allel and circulates HY;s 

of the primary flow to lici the distillated water 



in the l'eactor is transfercd to che ord.iniir;y Wiiter 

secondary loop. The bliuillogical shield is made oi' 

neavy coucrete. 

The reactor is provided with nine horizontal 

and nine vert:tcal cna.nnels as eX'perimental facilitier·:. 

The maximum theraml flux is 2xlo13 n/cm2/sec, with 

a mean of 1013 n/em2/sec. 

The measurment of prompt neutron life-time was 

the aim of the first experiment conducted. The prompt 

l~e-time is the average time elapsing between the ~e­

lease of a neutron in a fission reaction and its loss 

from the system by :,bsorption or escape, assuming aJ.l 

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 reactoc· 

core will decrease the density of the rec.ctor moden,_:cu::· 

and reflector. Also tne fuel cross-sections will 

changed, as ·.:ell as ti1e leakage probability. This 

pnenomena is Kdown as "femper·a ture feed-back". The 

identificatiion of the transfer function of thd.s fe.cd-

back ·"as tr1e Hiill of ti1e second experiment. 

Tile perturbations in tile coolant flow. and the 

irreg<.<larties in uoderator due to bubbles change t:1e 

reactor dynamic Ctkrateristics. 'fhe third experime:~t 



was cu:cried uut to clearify tuese actions. 

Tne different ;netnod vmich may be used for re "i;c;:-

parameters ide1:tificution can be classified into t\w 

categories~ The first is Known as the deterministic 

methods, the otner nas the name statistical or adetL:c'­

ministical methods. In the former the reactor is 

excited with a known reactivity function. These 

functions may be periodic (e.g. sinusoidal), or aJJ~-.· 
idic (e!g~ step or ramp). 

The statistical methods depend on the analysis 

of the neutrons dancing, in the reactor, over the 

averase level. J.uis neutrons fluctuation is knovm as 

the neutrons noise. Neutrons fluctuate due to the 

rando=ature of fission, randoi! movment of control 

rods, irregularities in coolant flow, the bubbles 

in the active zone, or ti<e temperature cnange in t,-.e 

core~ These met,1ods nave the advantages that they 

can be performed wicnout disturb~nc, normal operati•Y:.'cl 

mode, no specic'.l in-core equipment is requir·ed, the 

measurment is made in relatively snort time, and l~O 

sefety nazards are expected~ 

These statistical methods for stp:dying the d::c.­

mics (o:c, kinetics) of a system c1ad been applied ir· 

many area befo.:.'e it was used in reactor analysis. 



theory of the neutrons fluctuatil.lns at low pol':er 

level. In 1957 (3,3.5) noise analysis technique 

was applied to obta~n informations about ~eactorG 

The statistical analysis may be carried out in 

time, or frequency domains. In time do111ain it is 

necessary to measure the statistical correlation 

oetween two random variables (agreactivity f and 

neutron density 11) or the correlation of a nandoJl 

variable with itself! The function that characte­

rizes the degree to which value of a varying quan­

tity n. are related to another quantityj'at some tir:te 

later is known as cross-correlation. The autocor-

relation is a spcc.ial case of cross correlatiol'.. 

where the two random variable are tile same ( e ,g, n 

In frequency domain, the interesting function~ 

to be measured, or calculated are the power spectra • 

Tnese spe ctru rcmy be measured directly using frequ­

ency (or hai'ulOrcic) cnaly:z;er, or may be calculated 

fro"GJ cor~'elation t'unctions. 

The Fourier transform of the auto and cross em:-

relation functions will yield the pO\,,er and cross 

power spectra respectively. The transfer functiou 

of any linear dynamic system is related to these 

spectra~ 

,, ) . 



For a I'eaccor· of 1nput Teactivity .~ and outr-crt 

neutron density n, let the pO'>ier spectra be ·t m: 

(w) & <f (w) respectively. The reactivity poVJei' rP 
ctrum equal to the neutron power spectrtl.Ll multi9liL 

by the square of amplitude of transfer function. 1\l: o 

the cross-power spectrU!Il between n and f <$"' p (w) ::_._ 

equal to ti1e transfer function of the reactor multi­

plied by the power spectrum of input reactivity! FroL 

the transfer function, the parameters which are to be 

determined cc,n be identified. The detail discussior::c 

and mathematical relations between the spectra and 

transfer function are included in appendices land 2. 

The statisticc:cl nalysis may be based on analo:, 

or digital tecih'1ie;ues using on or off-line principles. 

In the following study, a mixed analog and digital 

techniques are used. For measuring prompt neutron 

life-time 1 and for estimating the absolute power 

level a frequency analyzer is used to obtain the pm L~· 

spectra of neutrons. In tb.e other e::,_--per iments an 

analog record~iL, followed by digitization, and oli-

line disital co:crelation and power-spectra analysir 

is uaed. 

Tnis thesiE is devided into tilree chapters in 

add~tion to tne &.fl_l)endices. Tne followintj gives 

a short descriptiou of the contents of each of these 

chapters. 



'lne definitions of quantities involved, revie' 

of "'"' thematical l"ela tion dis croibing statistical nc,­

ture of fission pr·ocess, review of the different 

techniques, tneoretical derivations, experimental 

set up discription, as well as the experimental data 

and results for measuring tne prompt neutron life-

time aad absolute power estimation are given in the 

first chapter. 

'J'i:J.e second cnapter, contains work on c:1odeling. 

The experimental results of the process of heatin6 

the reactor core with a step change of power up to 

2MWs are analyzed, and the frequency response is 

Ccilculated. The.r-: :c·esults has been compared with the 

frequency response oi tne derived theoretical model. 

Thf detennina~ion of spectral charateristics 

of bubges and pumps noise (due to the irregularity 

in tne flow) is ir,cluded in the tnird ch::cpter, The 

scfleme of txpel'lrr.ental r.o:ck is ~,lven, as well as 

ti1e :r·esults, 'l'ne i11b;;rpretation and discussion of 

tnese results, and tne couwarison with t11e theor-

etical cal cuLt trons lS also included. 



The algor·tc~~. :c;, and computer codes which were 

written for calcul<J.tion n.re gi~·JCYC ia the appendices. 

The calculations are carried on IBM1130 and ICL 

1905 E computers held at computing centers of A!n­

Shams and Cairo Universities, respectively. 



CHAPl'ER I 

.iiB"SUREi\JENT OF PROMPI' NEUTRON LIFE-TThiE AND ABSOLUT.f. 

POWER 6F E-RR-1 BY NOISE TECHN,IQUE 

1-l Review of Mathematical Relation Describing The 

Statistical Nature of Fission Process. 

1-2 Review For The Methods For Determination of 

l-3 

l-4 

l-5 

Prompt Neutron Life Time. 

Theoretical Calculations of 1. 
-· 

Experimental :;;ork For l'i:easuring 1. 

Power Estimation. 
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l-1 ~w of umtnematical Relation Describing 

The Statistical of The Fission Process:--
For any nucleal' reactor the power is equivalent 

to tbe corresponding rate of fissions of nuclie of 

the Fuel (Fissions /sec.) For analysing any phenomena 

concerning the chain reaction in the reactor, we must 

consider its effect on tne neutrons population No. 

Let, n (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 kno•m as tne neutron life time. And 

kp' the prompt neu~;..:·on multiplication factor is the 

excess of prompt neutrons in a finite reactol.' from 

one generation over the proceeding generation per 

unit of those in the preceedinc generation. Hence, 

the rccte of ch:,_n::-,e of neutrons population ·n_? at any 

instant t, which is the cnange of neutrons per unit 

time, can be expressed by, 

~ ~f - n Y~ ( LJ t -- .. T t- ''1' # - ~"' •... < l) 

The constant .C =- 4"-tl. is the neutron decay 

constant, and is known as "Rossi-Al~>ha" co"1stant, 


