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ABSTRACT 

The LOADF package for reactor core operation monitoring has been tested with the 
new IAEA-WIMSD-69 library. A transient involving power reduction from full to 80% 
power was analysed. Predicted critical boron concentrations and control rod positions were 
compared against measured values. The results confirm that transient prediction with the new 
library is at least as good or better as with the validated old library.  

1 INTRODUCTION 

The LOADF package [1,2] was designed for on-line reactor core monitoring of the 
Kr�ko NPP and for off-line prediction-mode calculations. Macroscopic cross sections for 
LOADF are generated with the CORD-2 package [3], which uses the WIMSD-5B code [4] 
for lattice calculations. The multigroup library normally used by the WIMSD-5B code is the 
�1981� library with some extensions for PWR-type reactors. A new IAEA-WIMSD-69 library 
[5] was obtained from the International Atomic Energy Agency and was tested for use with 
LOADF. 

 The performance of LOADF has been verified by on-line following of plant operation 
for two operating cycles and by several off-line analyses [6]. Recently, additional information 
was carefully recorded during the routine monthly turbine valve test, which involved power 
reduction to 80%. The data are of sufficient quality to serve as a reference in determining the 
accuracy with which various operation parameters can be predicted with LOADF. 

2 EXPERIMENTAL DETAILS 

Before the planned transient the reactor operated steadily at full power. Cycle burnup 
was about 4000 MWd/tU. The transient began by slow and steady power reduction to 80% 
power level over a period of 2 hours. The reactor was kept at this power level for another 2 
hours before being gradually restored to full power after 2 hours. Reactivity due to the change 
in the power level and the buildup of xenon was compensated by control rod motion as well 
as by boration/dilution, as appropriate. During the transient the following information was 
retrieved at regular intervals from the Process Information System (PIS): 
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• time 
• cycle burnup 
• power level 
• axial flux difference 
• boron concentration 
• core inlet temperature 
• control rod position. 

 
The main difference between the present analysis of this transient and the on-line core 

monitoring operation in the past is that frequent and accurate measurements of the boron 
concentration in the primary circuit were now available directly from PIS. 

3 ANALYSIS 

3.1 Simulation with LOADF program 

The data collected from PIS were converted to the LOADF "log" format that can be 
read in playback mode by the LOADF code. Power variation with time is shown in Figure 1. 
Discrete points are values retrieved from PIS, while the solid line represents values assumed 
in the calculations. Differences that occur are only due to numerical round-off during data 
transfer. 

Interpretation of the results was simplified by adjusting the buckling in the whole-core 
neutron diffusion solution such that the critical boron concentration, control rod position and 
axial flux difference were in agreement with measured values at the start of the transient. 

 

 
Figure 1: Power variation during the transient; solid line represents the assumed 

values in the calculations, and discrete points are measurements. 
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Figure 2: Comparison between measured and predicted boron concentration and 

control rod position during the transient. 
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Under normal conditions, axial flux difference is the primary quantity that LOADF 

attempts to match. Control rod position and boron concentration are the dependent quantities 
that are calculated. Figure 2 shows the comparison between measured values and original 
prediction (labelled LOADF). The boron concentration is in excellent agreement with the 
measured values while the predicted control rod insertion is slightly underestimated. The 
maximum difference is 9 steps at the moment when the power level reaches 80% and the 
control rods are at 169 steps. This is the most deeply inserted position during the transient. 
The scale of control rod position goes from zero to 225 steps withdrawn from the active core. 

If LOADF is forced to follow the measured control rod position, the axial flux 
difference no longer matches the measured value and the predicted boron concentration is as 
much as 7 ppm lower than the measured concentration. 

The differences between measurements and calculations are relatively small. 
Particularly, differences in predicted boron concentration are rather close to the accuracy with 
which the measurements can be made. Nevertheless, these differences seem real and can be 
attributed to one or more of the following: 

• Non-uniform differential control rod worth due to the spacer grids, which are not 
explicitly represented in the calculational model. 

• Coarse axial discretisation in the calculational model. 
• Inaccuracy of the reactivity coefficient method for adjusting cross-sections to the 

actual local conditions in the core. 
• Inaccuracy in the power defect prediction by the models. 
• Excessive negative reactivity worth predicted for the inserted control rod. 

 
There is a spacer grid near position 168 steps, so some of the difference between the 

measured and predicted control rod position can be attributed to its presence. Other possible 
causes were analysed directly with the GNOMER code [7] and the CORD-2 package, as 
described in the next section. 

 
3.2 Analysis with GNOMER and CORD-2 

GNOMER is a neutron diffusion code that includes thermo-hydraulic feedbacks and is 
used within CORD-2 for whole-core power distribution calculations. Cross sections for 
LOADF are also calculated with CORD-2 and GNOMER is the main neutronics module of 
LOADF. The axial mesh in the LOADF models involves 10 slices in the active core that are 
thinner near the core boundary where flux gradients are high. 
 
Axial mesh: Calculations were performed on double mesh in the axial direction in order to 
test the influence of axial discretisation. No significant differences were observed. 
 
Reactivity coefficient method: To verify that the power defect is correctly calculated with 
the reactivity coefficient method, the change in equilibrium critical boron concentration 
between full power and 80% power was calculated: 

a. Using cross sections for the nominal full power conditions, the cross sections for the 
reduced power level were generated internally in GNOMER by the reactivity 
coefficient method. 

b. The same calculation was done but generating cross sections for the 80% power level 
directly with the WIMS-D code by the standard CORD-2 procedure.  
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The difference was about 1 ppm, which verifies that the reactivity coefficient method is 
applicable and introduces a negligible error, compared to the direct calculation of cross 
sections. 
 
Effect of nuclear data on power defect: The magnitude of the power defect depends to 
some extent on the calculational models, but the major influence comes from the nuclear data 
used in the calculations. The availability of the new WIMS-D library offered the possibility to 
test the dependence of the predicted power defect on the nuclear data. The change in the 
equilibrium boron concentration going from full to 80% power was calculated with the new 
library: result was the same to within 1 ppm. 
 
Effect of nuclear data on control rod worth: Critical boron concentration was calculated 
with control rods at 170 steps withdrawn position using the original and the new IAEA-
WIMSD-69 library. The difference in boron concentration from ARO was 29 ppm with the 
old library and 26 ppm with the new one. The difference occurs in the right direction to 
reduce the observed discrepancy between LOADF prediction and measurements. 

Further, a static calculation of the multiplication factor at 80% power and constant 
boron concentration was undertaken with the control rods fully withdrawn and fully inserted. 
The results confirm a slightly reduced control rod worth using the new library. The effects of 
nuclear data on the predicted power distribution were analysed separately. Observed 
differences at control rod locations are of the order of 1%, and are too small to be responsible 
for the observed control rod worth reduction. 

 
3.3 Transient Re-analysis with LOADF 

The cross sections for LOADF were re-calculated with the new WIMS-D library and 
the transient was re-analysed. The predicted critical boron concentration and control rod 
worth are shown in Figure 2 (labelled �IAEA-WIMSD�). The predicted boron concentration 
and control rod position do not differ very much from the calculation with the old library and 
agree very well with the measurements.  

4 CONCLUSIONS 

The LOADF package for reactor core operation monitoring was tested with the new 
IAEA-WIMSD-69 library. These tests confirm that transient prediction with the new library is 
at least as good or better as with the validated old library. A slightly lower predicted control 
rod worth (compared to the results with the old library) favourably affects the agreement 
between measurements and calculations, but needs to be rigorously verified by additional 
calculations. The results contribute to the validation of the new library for PWR design 
calculations. The main advantage of the new library is confidence, since it was generated 
from first principles from the basic evaluated nuclear data files. No artificial adjustment of the 
cross sections was done. 
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