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ABSTRACT - Thermal power calibration of the nuclear instrumentation
in the TRIGA reactor in Ljubljana is described. To correct for the position
of the control rods, perturbation factors are introduced and the procedures
to measure them are described. The use of the perturbation factors is shown
to enable power readings from the nuclear instrumentation with an accuracy
better than 2 % standard deviation. This is a significant improvement com-
pared to the case without corrections, where the displayed power can vary by
as much as 30 % in the most unfavourable case.

1 Introduction

The reactor power can be measured quite accurately by the calorimetric method,
but this is time consuming and impractical for monitoring the instantaneous
reactor power level, particularly during transients. The power is usually moni-
tored by one or more nuclear detectors, which are calibrated by the calorimetric
method. Unfortunately, the response of a nuclear detector is sensitive to the
changes in the core configuration, particularly to the control rod position. This
is especially important in research reactors, which do not have distributed ab-
sorbers for reactivity control and the normal mode of maintaining criticality
is by the insertion of the control rods.

In the context of the control rod worth measurement by the Rod-Insertion
method [1], the influence of control rod position on the detector response has
been investigated in detail. Here, the results are applied for the correction of
the power reading displayed by a nuclear detector due to the specific control
rod configuration. The results presented herein show, that the correction can
be as large as 30 %.
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2 Theoretical background

Consider the core of the TRIGA Mark-II reactor at the " Jozef Stefan" Institute
in Ljubljana, which is shown schematically in Figure 1.

Figure 1: Schematic diagram of the TRIGA Mark-II core at the Insti-
tute Jozef Stefan in Ljubljana. The fuel element locations are
black, control rod positions are R, C, T, S, irradiation chan-
nels are IC, the neutron source is I, dummy graphite elements
are blank and detector locations are marked L and V.

It is commonly assumed that the reactor power P is proportional to the
signal T(x) from the nuclear detector, measured at the position a;:

P = KxT(x) (1)

where Kx is the proportionality constant. The signal T(x) is assumed unper-
turbed by the control rods. A correction for the perturbation py(x) due to the
presence of a control rod Y on the actually measured signal Tm(x) is:

T(x) = (2)

The perturbation factors py(x) can be expressed in terms of the flux depres-
sion factors fy(x), which in turn are defined by the ratio of the unperturbed
flux Fo(x) and the flux Fy(x) with the Y-rod fully inserted, measured at the

Nuclear Energy in Central Europe, Portorol, Slovenia, 11.-14. September 1995 57



detector location x. For intermediate control rod positions / the interpolation
function gy(l) is defined. The required relations are:

[fy(x)-l}gy(l) fy(x) =
Fy(x)
Fo(x) ' (3)

For the TRIGA core in Ljubljana, for all control rods and for the detector
locations L and V the flux depression factors were measured. The details are
described in [1] and the values are reproduced in Table 1. Also, the approx-
imation relating the interpolation function gy(l) with the integral reactivity
worth curve py{l) and the total reactivity worth Wy.

gy{l) =
MO
WY

(4)

was experimentally justified. Therefore, all parameters required to calculate
the perturbation factors are known.

Table 1: Measured flux depression factors for different control
rods (y=R,C,T,S) for detector locations L and V.

Y
fr{L)
fv(V)

R
0.884
1.116

T
0.975
1.025

C
1.142
0.858

S
1.025
0.975

3 Measurements and analysis

Power calibration of the TRIGA Mark-II reactor in Ljubljana was performed.
The reactor has not operated for more than two days prior to the experiment
and the bulk coolant temperature was 22.7° C. The reactor was made critical
with S- and T-rods fully withdrawn, C-rod at 620 steps and R-rod at 505
steps. The control rod position scale goes from 200 to 900 steps from the
withdrawn to the fully inserted position, except for the T-rod which goes from
zero to 900 steps. Primary cooling was then activated to lower the bulk coolant
temperature by approximately two degrees. The reactor thermal power was
raised to about 50 kW with the C-rod at 725 steps and R-rod at about 325
steps. The reactor control was switched to "automatic" so that the apparent
power displayed by the nuclear instrumentation connected to the linear channel
at location L (see Figure 1) was constant with variations of less than a fraction
of a percent. The necessary changes in the R-rod position to compensate the
reactivity due to the temperature increase and the accumulation of xenon
were less than two steps. The bulk coolant temperature and the signal from
the second (redundant) nuclear detector positioned at location V were logged
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Figure 2: Temperature change during power calibration measure-
ments.

at two seconds intervals by the digital reactivity meter DMR-043 software [2].
A temperature increase at a constant rate GT was observed due to nuclear
heating.

When the temperature increased by about one and a half degrees after
about fourtyfive minutes, the control rod positions were changed. The C-rod
was moved to 310 steps and the R-rod was placed at about 882 steps. Reactor
control remained in the automatic mode so that the apparent power remained
at 50 kW. The whole procedure was repeated two times. The results are
summarized in Table 2.

Table 2: Summary of power calibration measurements.

Meas.

1
2
3
4

C-rod
[steps]

725
310
725
308

R-rod
[steps]

325
882
325
881

Tm{L)
[kW]
50.0
50.0
50.0
50.0

Tm(V)

M
4.41
6.71
4.46
6.77

Init.Temp.
[°C]

20.88
22.42
24.25
25.62

Gj

[°C/h]
1.7989
2.3069
1.8079
2.1370

Power
[kW]
34.26
43.94
34.44
40.70

The measured change in temperature is shown graphically in Figure 2. In
measurements 1 and 3, which correspond to the same core configuration, the
rate of temperature increase is constant and practically the same in both cases.
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In measurement 2 the rate of temperature increase is also constant but higher,
because the core configuration is different. In measurement 4 the bulk coolant
temperature is considerably higher than the ambient temperature. A slight
deviation from a linear increase is observed due to heat losses on the walls of
the reactor tank, therefore this measurement is not included in the proceeding
analysis.

From the rate of temperature increase Gr the true reactor power is calcu-
lated from the relation:

P = aGT- (5)

Parameter a is the experimentally determined heat capacity constant, normally
used in the power calibration procedures. Its value for the TRIGA in Ljubljana
is 19.0476 kWh/K. The true power calculated for each measurement is given
in Table 2.

From the relations defined in the previous section and the control rod in-
tegral worth curves [1] the perturbation factors for the specific control rod po-
sitions are calculated. They are given in Table 3. Applying the perturbation
factors in equations (1) and (2) for each measurement, the power calibration
constants KL and Ky are calculated for the detectors at locations L and V,
respectively. They are given in Table 4.

Table 3: Flux perturbation factors py(/) due to Y-rod positions
/ at detector locations L and V.

Y(0
C(725)
C(310)
C(308)
R(882)
R(881)
R(325)

9Y(1)
0.8143
0.0557
0.0539
0.9971
0.9968
0.0866

PY(L)

1.1156
1.0079
1.0077
0.8843
0.8844
0.9900

py(V)
0.8844
0.9921
0.9923
1.1157
1.1156
1.0100

Table 4: Power calibration constants for the detector locations L
and V.

Measurement

1
2
3

Aver.
Std.dev.

KL

0.7568
0.7833
0.7607
0.767
0.012

Kv

[kW/fiA]
6.939
7.248
6.898
7.03
0.16
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The calculated power calibration constants exhibit excellent consistency.
The measurements show that without corrections the power displayed by the
nuclear instrumentation can have a spread as large as 30 %, depending on the
control rod position, relative to the true power measured with the calorimetric
method. The error in the displayed power can be reduced down to 2 % by
introducing the perturbation factors, which can be calculated quite simply
from the control rod integral worth curves and the flux depression factors.
These in turn can also be measured and may be assumed constant for a certain
reactor core, unless large changes are made to the core loading pattern.

4 Conclusions

Thermal power calibration of the nuclear instrumentation is usually performed
for some arbitrarily chosen control rod configuration. The calibration is strictly
valid for that configuration only. As a consequence, two simultaneously cal-
ibrated detectors show a different power level when the control rod position
changes. By introducing the flux perturbation factors a correction to the sig-
nal from the nuclear instrumentation is made which practically eliminates the
sensitivity on the control rod configuration. The consistency of the readings
from different neutron detectors is thus restored. The method is particularly
convenient when digital processing of the detector signals is possible.
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