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1. INTRODUCTION 

The main part of the long range research activities at the 
FiR-1 reactor in Otaniemi has been presented at previous 
TRIGA-conferences and will not be dealt with in this paper. 
In this context we will briefly touch upon the following 
subjects 

a few data about reactor operation and the reactor system 
itself 

a minicomputer system, which will be used for the collec
ting and handling of operational and radiation protection 
data and for special purposes. The use of the system for 
on-line reactivity, source-strength and signal background 
measurements is described 

another minicomputer system has been installed for collecting 
and handling data from various research facilities. This 
computer is also programmed for on-line reactor noise 
measurements 

an automatic uranium analyzer, which is in routine use. 
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2. REACTOR OPERATION 

The yearly reactor operation time has settled to about 
1400 hours. So far no spent fuel has been removed from the 
reactor, but it is to be expected that some fuel elements will 
have to be replaced within the next few years. Some minor 
changes have been made into the control console electronics 
(log-device and calibration device for the recorder, automatic 
temperature compensation on the water conductivity meter, 
start-up channel preamplifier) which have led to a better 
performance of the system. An automatic computer-based data 
collecting and handling system is installed. The signals from 
the main transducers will be converted to a standard output 
range of *f - 20 mA. An increase of the maximum steady state 
power (250 kW) and a renewal of the control console have been , 
considered. The reactor power probably will not be increased a n d 
so far no decision has been made concerning a new control 
console. 

The Argon-41 release from the reactor through the chimney 
is 5 - 10 curies (**20 - 40 Bq) per year the main part coming 
from the beam tubes and the thermal column. 

3. A COMPUTER-BASED DATA-COLLECTING AND HANDLING SYSTEM 

An automatic minicomputer-based automatic data-collecting 
and handling system has been planned and built and will be in 
operation partly before the end of this year /l/. The computer 
will collect and treat various operational and radiation 
monitoring data, give alarms, make automatic checks etc. 
Furthermore, it will be used for training, for special on-line 
measurements e.g. for control rod calibrations and in the long 
run probably for studying the interaction between man and the 
machine. The minicomputer is a NOVA 2/10 system with a 24 k-
word memory and a CAMAC interface. For communication the 
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computer is connected to a 3-unit Nova cassette tape recorder, 
to a Silent 700 KRS printer and to a VT-50 video terminal 
CRT. 

On-line reactivity, source strength and signal background 
measurements 

The NOVA 2/10 minicomputer can and has also been used for 
special reactor physics measurements. Here will be given the 
preliminary results of reactivity, source strength and signal 
background measurements based on on-line measurements with a 
minicomputer. The measurements are an extension of the inverse 
kinetics method presented by Mogilner et al /2/ and are partly 
based on a work required for university diplomas /3»7/. 

The basic and simplified reactor kinetic equations can be 
written as 

c/t A (2) 

with standard notations. P is the reactor power. 
In conventional inverse kinetics methods the reactivity 

is obtained by calculating 

?ftj*^~ -4t-?- ' (3) 

"l\**£\.-*Y*/rt**''r'r* "*JJ (4) 

and by using a power input estimate (P) from a detector. In 
order to save computing time various approximations and 
computer algorithms have been used, as a rule. In the modified 
method employed by Mogilner et al /2/ the power P is measured and 
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the quanti ty 

y zP-LZX-c = ~P 
/* A > (5) 

is computed (from P an.d Eg.(3)) and plotted as a function 
dP of the reactor power x = P (assuming -rr = 0 in this case) . 

The measurements are carried out in the following way. In a 
steady state situation (P ) a positive or a negative change 
in the reactivity is brought about the new reactivity being 
f = k'-i. After the reactivity change the corresponding 
change in power is measured and the quantity y is computed 
as a function of the time dependent power. Various initial 
conditions and reactivity changes can be used. As an extension 
of the method by Mogilner et al we also assume the power signal 
to be biased and to contain a constant background component 
PV. The computations are thus based on a biased power estimate 
P + Psi.. By substituting this quantity into y in equation (5) 
we obtain an unbiased quantity y = P + P v --r-£ A; ( C. + C.^) 

<T /a ; i if 
= P - ~Z~2l A'' £•'' because the background terms in the two terms 
cancel each other. However, the x-estimate x= P + P^ is 
biased. Consequently, the result of the findings may be of 
the form given in figure 1 

y "= *'£?*•'« 

A 
Q 

Power estimate x P + P, r 

Fig. 1. Measurement of reactivity ?/A , relative source 
strength -rr Q and detector background P̂ . . 
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With changing power at various constant values of j 
we obtain straight lines with slopes °'*/fi ̂ being the final 
reactivity of the k:th experiment. The y and x-coordinates 
for the intersecting point, which are obtained by fitting the 
straight lines in the data points by regression, are 
y o = f Q ™d xo = P/-

Figures 2 and 3 illustrate observations from the FiR-1 
reactor in Otaniemi. Figure 2 gives observations for two 
specific source strengths and with and without compensation 
voltage in the ionization chambers. Figure 3 is a summary 
of the intersecting points obtained by linear regression 
from the data of several configurations. The y-coordinates 
give the relative values for the source strenghts used i.e. 

- no external neutron source 
- 3 Ci Am-Be " " in position F23 (y » 7.2) 
- 3 Ci " " " " in.central thimble 
- Sb-Be neutron source in position F23 (y - 49) 

Comparison of the relative y-values for the known 3 Ci 
241 Am -Be source with those for the unknown Sb-Be source in 

the same position F23 yields an estimate for the neutron 
emission rate of the Sb-Be source 

^~-2 x 2,6 x 10 6 n/s = 1.77 x 10 7 n/s 

•Jith the compensation voltage connected to the ionization 
chamber the signal background, which mainly arises from an 
incomplete gamma compensation, corresponds to roughly 25 mW 
power and without compensation voltage to 115 mW power. If 
the detector background or bias .P̂ , is known, the detector 
signals can be adjusted to give more correct power estimates 
at low powers. 

Formulae (3) and (4) were also solved for$(*'//$ by 
using a straight-line approximation for power between 
measuring intervals as was also done in /2/. These were 
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programmed in the minicomputer and thus we obtained a 
continuous display and registration of reactivity (in 
dollar units). This system was used in a number of 
reactivity measurements including the calibration of 
control rods. The input and output signals (power and 
reactivity) of one of these measurements are displayed in 
figure 4. In order to obtain correct reactivity estimates 
at low power levels the source strength ~p^ Q and the bias 
-effect Py have to be substituted into the computing 
program. 

4. ON-LINE REACTOR NOISE ANALYZER 

Another NOVA 2/10 minicomputer has been installed for 
collecting and treating data from various research equipment 
and also programmed for on-line reactor noise analysis /5/. 
The computer is equipped with a CAMAC interface, a 24-k-word 
memory, a cathode ray tube display, a disc, a printer and a 
tape punch. The maximum sampling frequency is about 500 
samples/second which leads to an observation time of the order 
of 0,5 h in the frequency range of interest. Auto- and 
cross-power spectra, auto- and cross-correlation functions and 
probability distributions of the signal amplitudes can be 
obtained. Fig. 5 gives some cross-power spectra acquired 
by FFT of the signals from two ionization chambers outside 
the reflector in critical and subcritical states. The shift 
in the break frequency is distinct. 

A special gamma suppression technique in linear power 
measurements based on noise analysis has been reported elsewhere 
/ 4 /. 
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5, RAPIDURAN URANIUM ANALYZER 

An automatic and fast uranium analyzer with a capacity 
of about 300 samples per day has been planned, built and is 
now in routine use. The analyzer gives the Uranium-235 
content in small samples basing its operation on delayed 
neutron emission from the irradiated samples. An INTELLEC 8 
microprocessor and BF, proportional counters are employed in 
connection with the rabbit system. The maximum sensitivity 
of the analyzer is 0.6jag\3235 /6, 8/. 
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FIGURE 2. RESULTS FROM ON-LINE MEASUREMENTS AND COMPUTATION OF P 
THE MEASURED POWER ESTIMATE P + P„ jrf*i AS A FUNCTIUN OF 

THE CONFIGURATIONS ARE 
.Sb-Be SOURCE IN F23, COMP. VOLTAGE ON 
NO EXTERNAL SOURCE, COMP. VOLTAGE OFF 
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NEUTRON POSITION COMPENSATION VOLTAGE 
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Sb-Be F23 1 5 
Am-Be 2ENTR.THIMBLE • 2 
Ann-Be F23 3 
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FIGURE 3. MEASURED INTERSECTION POINTS y = — • 
o /3 = P. 



4 . 6 
TIME/MIN 

8 10 

150 

I . • '" T " - ' T " " ' ' " 1 1 — 1 — — 

i * -

1 
i 

100 . 
m 

m 
— 

5 

• ; 
2 50 

n 1 1 1 . 1 i i 

10 12 
TIME/MIN 

FIGURE 4. MEASURED REACTOR POWER AND REACTIVITY OBTAINED FROM 
ON-LINE INVERSE-KINETICS COMPUTATIONS AT A STEP-WISE WITHDRAWAL 
OF THE SHIM-1 ROD. 
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FIG. 5. CROSSPOWER SPECTRA FROM TWO IONISATION CHAMPERS 
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