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The departure from nucleate boiling (DNB) core protection in PWR reactors is usually carried
out through the overtemnperature tripE 1] or the instantaneous minimum DNB ratio (DNBR)
trip[2]. The protection is obtained through specialized correlations or fast digital computer
simulators that infer the core power level, and local coolant thermal and flow conditions out
of process variables furnished by the instrumentation. The power density distribution
information is usually expressed in terms of Fq, the power peak factor, and its location. Fq in
its turn, can be determined through the control rod position or, more often, through the power
axial offset (AG) [ 1,2,3]

Fq = f(AO, control rod positions ) 1

The AG, defined as the difference between upper and lower long ion chambers signals
[1,2,3], is supplied for each channel by separate sets of out-of-core detectors positioned 90 or
120 degrees apart in plan. The AG is given by

AO- S, - Sb (2)
S, +S Sb

where S and Sb are the out-of-core signals from the top and the bottom sections, respectively.
In current PWRs a large penalty is imposed to the result of Eq. 1, because of the difficult of
inferring with good accuracy the peak factor from the AG obtained from the out-of-core
instrumentation. This ends up reducing the plant capacity factor.

In this work, the f fuinction in Eq. (1), which correlates the power peak factor with the axial
offset yielded by out-of-core detectors and control rod positions, is obtained through a
combination of specific experiments in the IIPENNM-01I zero-power reactor and calculation
results. For improving the peak factor estimation, it is necessary to consider accurately the
response of the out-of-core detectors to different power density distribution in the core. This
task is not easily accomplished through calculation due to the difficulties involved in the
necessary neutron transport treatment for the out-of-core detector responses.
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The Fq experiments

One manner to circumvent that is to perform specific experiments in which the peak factor
and the power axial offset are obtained with good accuracy. A set of experiments were
performed in the EEPN/NB-0 1 zero-power reactor in which four detectors were positioned 90
degrees apart in plan outside the moderator tank. Several different reactor states were
obtained through the movement of four control rods, BC 1, BC2, BSI1 and BS2, in such a
manner they promoted important changes in the power density distribution while keeping the
reactor in the critical sate. The detector responses and the power axial offsets were measured
from the out-of-core detector signals. The power distribution for the several reactor core
states were obtained from whole core 4-group neutron diffusion calculations. A set of 56
different power distributions have already been obtained furnishing the following data: out-of-
core detector responses, two axial offset results from locations 90 degree apart, peak factor,
location of peak, and control rod positions.

Figure 1 illustrates some of the obtained results. It shows the power axial offset obtained
from the detectors located in the west side as a function of the BC 1 control rod position. It is
seen that as the control rod is inserted into the core (moving from the 100 % position towards
0 %) the AO increases steadily until about the 60 % insertion position; then it starts to fall
drastically indicating a strong neutron flux redistribution. The several points shown in the
figure for the same control rod position represent core states with the same BC 1 control rod
position but with different positions for BC2, BSI1 and BS2 control rods.

The relationship between the AO results shown in Figure 1 with the peak factor values and
their locations are obtained with 3D whole core neutron diffusion calculation. Figure 2 shows
some of the results for two different situations: symmetrical positions of control rod positions,
in which the power distribution is changed in the core, moving the peak factor location but
with a small change in its value; and non-symmetrical control rod positions in which the
power distribution has both the peak factor value and its location changed. The symmetrical
control rod position results show that the use of only the AO inputs is not sufficient for
accurately inferring the peak factor, since the same AO value may produce different peak
factor results. It is, therefore, necessary to furnish some additional information, like power
quadrant tilts, to identify the different reactor states.
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In conclusion one may say that a complex pattern exist between the peak factor and the power
axial offset. In order to improve the accuracy, the results indicate that the peak factor should
be determined through a correlation which takes into account the power axial offset and the
power quadrant tilt. In continuing this work, the neural network technique will be used to
construct such a correlation.
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