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ABSTRACT 
 
 

In the first decade of June 2008, during the power commissioning of the reactor at 
Mohovce NPP unit 1, the experiment with reducing the thermal power of core almost to the 
balance-of-plant (BOP) needs was performed. After the reactor has operated for seven hours 
at low power (about 200÷220 MW (thermal)), its power was increased (at a rate of about 
0.25% of Nnom/min) to the initial level, close to 107% (1471 MW). 

During the experiment, core parameters, which were subsequently used for comparing 
the measured data with the results of experiment simulation calculations, were recorded in the 
reactor in-core monitoring system’s database.  

Calculated and measured levels of critical concentrations of boric acid were compared, 
along with power density distributions by fuel elements and assemblies obtained both by the 
KRUIZ in-core monitoring system and on the basis of calculations simulating reactor 
operation in accordance with the given core power variation schedule. 

The final stage consisted of assessing the methodical component of power density 
micro- and macro-fields’ calculation error in the core of Mohovce-1 reactor operating with 
varying load.  

 
 
 

INTRODUCTION 
 
 
Until now no assessments of methodical errors of the KASKAD computing package – 

based on the measured data obtained specifically during reactor operation in power variation 
modes – have been performed for these very modes of reactor operation. Methodical errors of 
calculated power density fields were determined by comparing calculated and measured 
results for cold critical assemblies, calculated and measured power density fields for steady 
reactor conditions, as well as by comparison with calculations based on precision software. 

Reactor’s thermal capacity decrease/ascension experiment performed at Mohovce-1 
allowed such assessments to be obtained on the basis of comparing the results of computer 
simulation of this experiment with the data measured in real experimental conditions. 
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This paper presents the results of comparison between calculated and measured power 
density distributions based on the experimental data obtained at Mohovce NPP unit 1 in June 
2008, while its reactor operated at varying power. 

Results of this comparison were used for assessing the methodical component of (kq, 
kV, ql) power density fields’ calculation errors for reactor operation with varying load. 

In the process of experiment, the thermal power varied from its initial level (about 
107% of Nnom (1471 MW)) to about 200–220 MW, with subsequent (after 7 hours of 
operation at low power) return to the initial thermal power level. After that the reactor 
operated at practically constant power (1450–1465 MW) for over 60 hours, i.e. till its steady 
operation mode was achieved. 

The main purpose of this experiment, as well as of subsequent computer simulations 
of the reactor core, was to assess the methodical component of errors associated with 
computer calculation of power density macro- and micro-fields in reactor operation modes 
with varying power. 

This paper presents the results of comparison between calculated and measured values 
of critical boric acid concentrations and distributions of power density macro- and micro-
fields over the core. 

Numerical assessments of the methodical component of power density fields’ 
calculation errors for VVER-440 operation at varying power are also provided. 

The experiment with thermal reactor power reduction was included in the 
experimental program developed for the period of power startup and trial operation at 107% 
of Nnom  (1471 MWth) of Mohovce-1 unit.  

In accordance with Mohovce-1 reactor startup program, the thermal power of 1471 
MW (107%) was reached in May–June 2008. After the reactor had reached its steady 
operation mode at this power level, Slovak specialists have planned and then performed a 
series of experiments, which included switching the main circulation pump (MCP) on/off, as 
well as reducing the core power (with all MCPs in operation) from 107% to 15–20% of Nnom, 
with subsequent return to a power of about 107% of Nnom. 

The KRUIZ in-core monitoring system was used for receiving the initial data – which, 
in turn, were used for subsequent computer simulation of experimental modes, and for 
comparing the calculated and measured power density fields in the core of Mohovce-1 
reactor. Figure 1.1 shows the curve of thermal power variation during the experiment. 

 
 

 
 

Fig. 1.1. Variation of thermal capacity during Mohovce-1 commissioning experiment   
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2. PHYSICAL CALCULATION CODES AND CONSTANT LIBRARIES 
 
 
The calculations were performed using the set of physical calculation codes TVS-M 

[1], BIPR-7A [2] and PERMAK-A [3], certified in Russia. The latter two codes together form 
a code package KASKAD. 

BIPR-7A – a code of coarse-grid calculations on a by-assembly plan view – was used 
for computer simulation of reactor operation in the tested mode. PERMAK-A was used for 
calculating power density micro-fields. Multi-parameter dependences of few-group neutron 
cross-sections, required for calculations using BIPR-7A and PERMAK-A codes, were 
prepared using the multi-group spectra calculation code – TVS-M. 

 
 
 

3. RESULTS OF COMPARISON OF CALCULATED AND MEASURED VALUES OF 
CRITICAL BORIC ACID CONCENTRATION 

 
 

First the deviation of calculated critical boric acid concentrations from the measured 
ones was estimated for the reactor operation transient being analyzed.  

The following values have been calculated while comparing the calculated and 
measured critical boric acid concentrations for the experimental mode:  

- mean deviation of the calculated critical boric acid concentration from the measured 
one, determined by the following formula: 
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where  N – number of matching points (by time); 
- root-mean-square (RMS) deviation of σ(

33BOHC∆ ) from aver
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the following formula: 
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Results of comparison of calculated and measured critical concentrations of boric acid 

are shown in Figure 3.1.  
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Fig. 3.1. Deviation of calculated critical concentration of boric acid from the measured one 

 
Results of comparison in Fig. 3.1 show that about 2.4% of the total number of points 

(1324) are beyond the М(∆)±2σ interval. This is considerably below the admissible amount of 
5%. Calculation error for critical boric acid concentration was below 0.02 g/kg of Н3ВО3 for 
about 75 hours this experiment has lasted. This result is at least not worse that those obtained 
for steady conditions of reactor operation.  

 
 
 

4. METHODICAL COMPONENT OF POWER DENSITY FIELDS CALCULATION 
ERROR – ASSESSMENT METHOD 

 
 
For any calculated physical value x , which characterizes the state of the reactor core, 

the methodical error could be presented as follows:  
 
 

)()()( xxMxmeth ασ±=∆  
 (4.1) 

 
 
where )(xM  – mathematical expectation of the methodical component, 

)(xσ – RMS deviation of x  from its mathematical expectation, 

α – parameter connected with the admissible probability of x  deviation by more than 
)(xmeth∆ . 
One of the ways to assess the methodical error is to compare the calculated data with 

the experimental ones. The difference between calculated and experimental values consists of 
the methodical error, the mechanical error and the experimental error. Assuming the 
mathematical expectations for all these errors are close to zero, we can conclude that: 
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 (4.2) 
 
where cx  – calculated value of parameter x , 

rx  – real value of parameter x , 

dx  – design-basis value of parameter x , 

mx  – value of parameter x . 
In the same time: 

)(2
mc xx −σ  – variance characterizing the difference between calculated and 

measured x values, 

)(2
dc xx −σ  – variance characterizing the methodical error of x , 

)(2
dr xx −σ  – variance characterizing the error caused by process deviations of fuel 

parameters; 
)(2

rm xx −σ  – variance characterizing the measuring error.   
It follows from (4.2) that the methodical error proportional to )( dc xx −σ  is always 

lower than the difference between calculated and measured x values, since: 
 
 

=2
methσ )(2

dc xx −σ = )(2
mc xx −σ –[ )(2

rm xx −σ + )(2
dr xx −σ ]. 

 (4.3) 
 
 
The following assessment is used, as a rule, for validating the precision of computing 

codes based on measured reactor data: 
 
 

≤2
methσ )(2

mc xx −σ . 
 (4.4) 

 
 
It follows from 4.3 and 4.4 that the smaller is the measuring error (i.e. the first addend 

in the square brackets in 4.3), the more precise is the upper estimate of the methodical 
component performed according to 4.4 on the basis of reactor measurements. 

Symmetric distribution of random errors relative to zero means that, in the absence of 
systematic and gross errors, the true result of measurement would coincide with the 
mathematical expectation of random value. So it is important to eliminate all systematic and 
gross errors from measured results. 

As concerns the error of fuel assembly power measurement using thermocouple 
indications, the error associated with the neglected character of coolant mixing in the 
assembly head nozzle belongs to the category of systematic errors. The way to take account of 
this error is discussed in [4] and [5].  
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5. RESULTS OF COMPARISON OF CALCULATED AND MEASURED POWER 
DENSITY FIELDS IN MOHOVCE-1 REACTOR CORE 

 
 

The sequence of power density fields reconstruction on the basis of data measured by 
the KRUIZ in-core monitoring system is as follows: 
- relative assembly capacities qk  are determined on the basis of temperature monitoring data; 
- relative volumetric power density distribution by height Vk  is determined on the basis of  

direct-charge detector indications and temperature monitoring data; 
- distribution of local power density lq  is determined on the basis of the obtained distribution 

of Vk , calculations using the special PERMAK-A version integrated in the KRUIZ in-core 
monitoring system’s software, and the core thermal power value based on the results of 
measurements.   

While reconstructing the height power density profiles in assemblies, no account was 
taken of delay of the basic (about 95%) component of rhodium detectors’ current. It means 
that the results of rhodium direct-charge detector current measurements could not be used in 
cases of sufficiently prompt variations of both full and local power.  

On the contrary, the coolant temperature data measured at the outlet of both the 
assemblies and the reactor using thermocouples reliably contacting their adapter walls could 
be considered as inertia-free (instantaneous). In principle, this fact allows the temperature 
monitoring data to be used also in cases of fast enough transients.  

The average rate of power decrease in this experiment was about 4.5%/min. From 
1468 MW to 577 MW the rate was about 13%/min, and after that – about 1.5 %/min. The 
average rate of reactor power increase – about 0.25%/min – was close to constant throughout 
the whole load-increasing phase.  

As a result, in the above specific case the data measured by direct-charge detectors a 
priori cannot be considered reliable, and thus cannot be used for restoring power density 
fields in the phase of decreasing reactor power. It should be noted that from a formal 
viewpoint, BIPR-7A and PERMAK-A codes, which are intended for calculation of steady and 
quasi-steady conditions, are also unsuitable for calculating the process of power variation 
with a rate of 13%/min, since they take no account of delayed neutrons (in case of six delayed 
neutron groups, lifetimes of the longest-lived neutrons reach about 80 seconds). 

 
 

5.1 RESULTS OF COMPARISON OF CALCULATED AND MEASURED 
RELATIVE ASSEMBLY POWERS qk  

 
Calculated and measured relative powers of assemblies were compared over an array 

of assemblies equipped with operational thermocouples (208 in total), for various moments 
throughout the transient. Mean and standard deviations calculated were assessed according to 
5.1 and 5.2.  
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where )( абсjM ∆  – mean absolute deviation of calculated relative assembly powers 
calc

iqk ,  from the measured meas
iqk ,  , for a  j sampling of Nj size.  

Because of normalizing conditions assumed, for a full power sampling of fuel 
assemblies being compared (in a general case, the number of assemblies is 208), the mean 
deviation )( absjM ∆  of qk  values is zero. For a partial sampling this mean deviation may be 
non-zero. 

The RMS (standard) deviation of calculated qk  values from measured ones was 
calculated according to the following formula: 
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where )( meas

q
calc
qj kk −σ  – absolute RMS deviation of calculated relative assembly 

powers from those measured for a j sampling of Nj size.  
The RMS deviation of calculated relative assembly powers from the measured ones 

was obtained in two ways: 
- without the allowance associated with incomplete coolant mixing in the interval from 

the fuel bundle to the assembly thermocouple installation spot; 
- with the allowance associated with incomplete coolant mixing in the said location.   
Respective allowances were obtained on the basis of special thermal physics 

calculations for different types of assemblies included in the 10th fuel load of Mohovce-1. 
Allowance introduction methodology is described in [4] and [5].     

Basic results obtained for various samplings in different moments of transient and at 
different power levels are given in Tables 5.1 and 5.2.  

 
Table 5.1. Absolute deviations of calculated qk  values from measured ones. 

Without allowances associated with incomplete coolant mixing in the assembly head nozzle 
 

Samplings 
qk array in 

assemblies 
with 

thermocouples 

qk <0.8 max
qk  qk >0.8 max

qk  T, h N, 
MW 

Mj σj Mj σj Mj σj 
0 1468 0.0 0.031 -0.015 0.036 0.016 0.028 

0.08 578 0.0 0.031 -0.012 0.039 0.008 0.024 
0.33 227 0.0 0.037 -0.013 0.043 0.011 0.032 
8.08 204 0.0 0.036 -0.012 0.044 0.015 0.031 

10.00 615 0.0 0.034 -0.016 0.039 0.019 0.032 
11.08 875 0.0 0.033 -0.017 0.037 0.017 0.031 
11.91 1078 0.0 0.032 -0.016 0.038 0.017 0.029 
12.66 1279 0.0 0.031 -0.016 0.035 0.017 0.029 
13.08 1398 0.0 0.032 -0.018 0.035 0.017 0.030 
13.33 1462 0.0 0.032 -0.017 0.036 0.015 0.029 
14.00 1452 0.0 0.032 -0.016 0.036 0.015 0.028 
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18.33 1451 0.0 0.031 -0.016 0.036 0.015 0.028 
75.09 1461 0.0 0.031 -0.016 0.036 0.014 0.027 

 
Statistical analysis shows that – if incomplete mixing of coolant in assembly head 

nozzles stays unaccounted for – the absolute deviations of calculated and measured qk  values 
over the whole sampling group of assemblies equipped with operational thermocouples make 
0.030–0.032 at powers exceeding 1078 MW. If the reactor power makes 200–227 MW, 
calculated results can differ from measured ones by 0.033–0.037. For partial samplings, 
absolute deviations can either exceed these levels, or be below them. It should be noted in this 
connection that systematic deviations (mathematical expectations) of calculated and 
measured qk  values in case of partial samplings could be considerable (up to 0.019).  

Absence of thermocouple indication allowances taking account of incomplete mixing 
of coolant in the interval from the fuel bundle to the assembly thermocouple installation spot 
is one of the components of the systematic error. In accordance with the algorithm described 
in [4] and [5], allowances were introduced for measured data in order to take account of 
incomplete mixing of coolant in the assembly head nozzle. Results of comparison of 
calculated and measured relative assembly powers, including incomplete mixing allowances, 
are given in Table 5.2.  

 
Table 5.2. Absolute deviations of calculated qk  values from measured ones. 

With allowances associated with incomplete coolant mixing in the assembly head nozzle 
 

Samplings 
qk  array in 

assemblies 
with 

thermocouples 

qk <0.8 max
qk  qk >0.8 max

qk  T, h N, 
MW 

Mj σj Mj σj Mj σj 
0 1468 0.0 0.020 -0.0006 0.018 0.001 0.021 

0.08 578 0.0 0.024 0.003 0.024 -0.004 0.022 
0.33 227 0.0 0.030 0.003 0.031 -0.004 0.030 
8.08 204 0.0 0.026 0.002 0.027 -0.003 0.026 

10.00 615 0.0 0.022 -0.001 0.021 0.001 0.024 
11.08 875 0.0 0.021 -0.001 0.020 0.002 0.023 
11.91 1078 0.0 0.021 -0.001 0.020 0.001 0.022 
12.66 1279 0.0 0.020 -0.001 0.018 0.001 0.021 
13.08 1398 0.0 0.020 -0.001 0.019 0.001 0.021 
13.33 1462 0.0 0.020 -0.001 0.018 0.002 0.022 
14.00 1452 0.0 0.020 -0.001 0.019 0.001 0.021 
18.33 1451 0.0 0.020 -0.001 0.019 0.001 0.020 
75.09 1461 0.0 0.020 -0.001 0.019 0.000 0.020 

 
The data from Table 5.2 show that the introduction of allowances reduces the σ values 

characterizing the calculation error by 30–60%. It also follows from the analysis that the 
introduction of incomplete coolant mixing allowances reduces the mean deviation of 
calculated relative assembly powers from measured ones in the presented partial sampling 
cases. This fact confirms that it’s indeed the systematic error component, which is reduced by 
the introduction of incomplete coolant mixing allowances.  
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Table 5.3 shows relative RMS deviations of calculated qk parameters from measured 

ones. The data from this table also shows that ))(( calc
q

meas
q

calc
q kkk −σ  almost always 

decreases, both with increasing capacities of sampling assemblies, and in a single sampling 
group with increasing core power.    

 
Table 5.3. RMS deviations of calculated qk  values from measured ones. 

With allowances associated with incomplete coolant mixing in the assembly head nozzle 
 

Samplings 
qk  array in 

assemblies 
with 

thermocouples

qk <0.8 max
qk (*) qk >0.8 max

qk  T, h N, 
MW 

σj σj σj 
0 1468 0.024 0.022 0.016 

0.08 578 0.047 0.027 0.017 
0.33 227 0.048 0.032 0.023 
8.08 204 0.039 0.033 0.021 

10.00 615 0.026 0.024 0.020 
11.08 875 0.024 0.023 0.019 
11.91 1078 0.024 0.024 0.018 
12.66 1279 0.024 0.022 0.017 
13.08 1398 0.023 0.023 0.017 
13.33 1462 0.023 0.022 0.018 
14.00 1452 0.024 0.022 0.017 
18.33 1451 0.024 0.023 0.017 
75.09 1461 0.023 0.022 0.016 

(*) – without assemblies adjacent to the reflector 
Figures 5.1 and 5.2 show deviations of calculated qk values from measured ones for 

all the conditions considered (all power levels), as well as the upper calculation error estimate, 
which is assumed to be 2σ. Fig. 5.1 shows deviations of calculated values from those 
measured without any allowance introduced to take account of incomplete coolant mixing in 
the assembly head nozzle, and Fig. 5.2 shows the same deviations with account of the above 
allowance. These figures show that the dispersion of meas

q
calc
q kk −  decreases with the 

introduction of allowances. Weight-mean 2σ, which characterizes the calculation error, also 
decreases (from 0.066 to 0.045).   

Figures 5.3 and 5.4 show the same results with the single difference of selecting, from 
all conditions, only those with the core power of at least 90% of Nnom.     

It follows from these figures that, if no account is taken of incomplete coolant mixing, 
the weight-mean 2σ value is equal to 0.062, while the account taken of this mixing yields the 
same 2σ value of 0.04.  
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Fig. 5.1. Deviations of calculated qk values from measured ones  

(without account of incomplete coolant mixing allowances)  
 
 
 

 
Fig. 5.2. Deviations of calculated qk values from measured ones  

(with account of incomplete coolant mixing allowances)  
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Fig. 5.3. Deviations of calculated qk values from measured ones  

(without account of incomplete coolant mixing allowances; core power over 90% of Nnom)   
 
 
 

 
Fig. 5.4. Deviations of calculated qk values from measured ones  

(with account of incomplete coolant mixing allowances; core power over 90% of Nnom) 
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Figure 5.5 shows the dependences of RMS for a complete sampling group of assemblies 
equipped with thermocouples from the thermal power of the core (with and without account 
of coolant mixing).  

 

 
Fig. 5.5. RMS deviation between calculated and measured relative power of assemblies 

 
As follows from Figure 5.5, RMS deviation of calculated qk values from measured 

ones decreases with growing reactor capacity. This decrease is stronger if account is taken of 
incomplete coolant mixing allowances, which is explained by higher allowances associated 
with higher thermal power levels. 

 
 
5.2 RESULTS OF COMPARISON OF CALCULATED AND MEASURED 

RELATIVE VOLUMETRIC POWER DENSITIES kV 
 

Calculated and measured relative volumetric power densities Vk  were compared over 
an array of assemblies equipped with SPND (36 in total), for various moments throughout the 
transient. Mean and standard deviations calculated were assessed according to 5.3 and 5.4.  
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where )( absjM ∆  – mean absolute deviation of calculated relative assembly powers 

calc
iVk ,  from measured meas

iVk ,  for a  j sampling of Nj size.  
Because of normalizing conditions assumed, for a full power sampling of fuel 

assemblies being compared (in a general case, the number of assemblies is 36), the mean 
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deviation )( absjM ∆  of Vk  values is zero. For a partial sampling this mean deviation may be 
non-zero. 

 
The RMS (standard) deviation of calculated qk  values from measured ones was 

calculated according to the following formula: 
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where )( meas

V
calc
Vj kk −σ  – absolute RMS deviation of calculated relative assembly 

powers from those measured for a j sampling of Nj size.  
The basic results obtained for various samplings in different moments of transient and 

at different power levels are given in Tables 5.4 and 5.5.  
 

Table 5.4. Absolute deviation of calculated Vk  values from measured ones  
 

Samplings 
Vk  in 

assemblies 
with SPND 

Vk <0.8 max
Vk  Vk >0.8 max

Vk  T, h N, 
MW 

Mj σj Mj σj Mj σj 
0 1468 0.0 0.038 -0.0003 0.041 0.001 0.031 

0.08 578 0.0 0.136 -0.005 0.136 0.041 0.139 
0.33 227 0.0 0.089 -0.005 0.085 0.044 0.090 
8.08 204 0.0 0.046 -0.003 0.046 0.019 0.045 

10.00 615 0.0 0.040 -0.002 0.041 0.009 0.037 
11.08 875 0.0 0.038 -0.003 0.039 0.012 0.036 
11.91 1078 0.0 0.047 -0.005 0.046 0.017 0.051 
12.66 1279 0.0 0.045 -0.004 0.044 0.014 0.047 
13.08 1398 0.0 0.040 -0.003 0.040 0.011 0.040 
13.33 1462 0.0 0.037 -0.002 0.039 0.006 0.034 
14.00 1452 0.0 0.037 -0.002 0.038 0.007 0.034 
18.33 1451 0.0 0.044 -0.004 0.046 0.013 0.040 
75.09 1461 0.0 0.039 -0.0003 0.041 0.001 0.030 

 
The data from Table 5.4 show that the difference between calculated and measured 

values is very large, when the power is decreasing. This could be basically explained by the 
fact that no correcting formulas accounting for the delay of the basic (about 95%) component 
of rhodium detectors’ current were introduced while the height profiles were reconstructed on 
the basis of indications of direct-charge detectors. Besides, as follows from Tables 5.1 and 
5.2, qk calculation error, which makes part of Vk  error, is higher at low power levels. 

It follows from the above that in this case the phase of power reduction cannot be used 
to determine the methodical calculation error for Vk  volumetric distribution. In the same time, 
the data measured during relatively slow power increase, as well as subsequent reactor 
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operation in non-uniform xenon distribution conditions, could be used for testing neutronic 
calculation codes intended for VVER-440 reactors.  

 

Table 5.5. Relative RMS deviations of calculated Vk  values from measured ones 
 

Samplings 
Vk  array in 

assemblies 
with SPND 

Vk <0.8 max
Vk (*) Vk >0.8 max

Vk  T, h N, 
MW 

σj σj σj 
0 1468 0.050 0.056 0.021 

0.08 578 0.310 0.336 0.071 
0.33 227 0.111 0.119 0.055 
8.08 204 0.051 0.055 0.028 

10.00 615 0.047 0.060 0.025 
11.08 875 0.042 0.052 0.024 
11.91 1078 0.051 0.059 0.032 
12.66 1279 0.050 0.057 0.031 
13.08 1398 0.049 0.055 0.027 
13.33 1462 0.052 0.064 0.025 
14.00 1452 0.048 0.054 0.023 
18.33 1451 0.052 0.065 0.037 
75.09 1461 0.050 0.057 0.021 

(*) – without account of assemblies and assembly fragments adjacent to the reflector 
 
 

6. ASSESSMENT OF THE METHODICAL COMPONENT OF kq, kV AND ql 
CALCULATION FOR XENON TRANSIENTS 

 
Comparison of transient-simulating calculations with reactor measurements could 

serve as a basis for assessing the methodical calculation errors for relative assembly 
capacities qk and relative volumetric power densities Vk . It is impossible to assess the 
methodical linear power density calculation error lq  on the basis of reactor measurements 
only. This error can be assessed using the following formula:   

 
 

)()()( 222
krelVrellrel kkq ∆+∆=∆ .       6.1 

 
 
In 6.1 xxrel /)(∆=∆  is a relative calculation error for x and )( krel k∆  is a methodical 

error of relative power density kk  calculation within assembly using PERMAK-A code.  
While assessing the methodical relative assembly power calculation error, account is 

taken of the allowance associated with incomplete coolant mixing in the assembly head 
nozzle. 

2σ criterion was used as a methodical error. In accordance with this criterion, as well 
as with the results of comparison calculations and statistical analysis, the resulting 
assessments shown in Tables 6.1 and 6.2 were obtained.    
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Table 6.1. Methodical errors of transient and maneuvering modes’ calculation using the 
KASKAD code package  

Reactor parameter “х” 
x

xmeth )(∆  
Codes used 

Relative assembly power qk  
for assemblies with powers differing by less 
than 20% from the maximum   
for other assemblies 

 

 
0.036 (0.044*) 
0.048 (0.080*) 

BIPR-7A 

Relative assembly fragment power Vk  
for assemblies with fragment powers 
differing by less than 20% from the 
maximum   
for other assemblies 

 
 
 
 

0.074 
0.130 

BIPR-7A 

(*) – without account of allowances associated with incomplete coolant mixing in the 
assembly head nozzle 

 
Since the statistical analysis was performed on the basis of data measured in a single 

experiment and for a single unit, the maximum σ values from the respective tables were used. 
The phase of power decrease was not considered in this connection. 

The methodical calculation error for linear power density was estimated using 6.1, as 
well as Vk  methodical errors produced in this report, and the rated methodical error kk  (0.04) 
of calculation using the PERMAK-A code. 

 
Table 6.2. Methodical errors of linear heat rate calculation in transient and maneuvering 

modes using the KASKAD code package  

Linear energy density 

l

lmeth

q
q )(∆  

Linear energy density lq  of fuel element’s fragment (*) 
for fuel element fragments belonging to the assembly 
fragment with energy density differing by less than 20% from 
the maximum     

for other fuel element fragments 

 

 
 

0.083 

0.134 

(*) it should be noted that this error assessment automatically includes a possible 
mismatch of calculated and actual phases of the xenon transient, as well as a possible 
mismatch of calculated and measured position of the control group.  

 
 
 
CONCLUSION 
 
 
This report addresses the issues connected with computer simulation, processing of 

initial measurement data and selection of time interval, for which reliable measuring and time 
interval selection data could be obtained, and which could be reliably simulated by the 
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KASKAD code package intended for calculation of steady and quasi-steady conditions of 
VVER reactors. 

The main purpose of comparing the calculated and measured power density fields was 
to assess the methodical errors of power density micro- and macro-fields’ measurements, with 
direct use of data obtained on the power unit operating in varying load mode.  

The experiment with thermal reactor power reduction was included in the 
experimental program developed for the period of power startup and trial operation at 107% 
of Nnom  (1471 MWth) of Mohovce-1 unit, and was performed in June 2008. 

In order to assess the methodical calculation errors based on measurement data, the 
following works were performed:   

- xenon transient computer simulation scenario was compiled and tested on the basis 
of measurement data archive; 

- calculations simulating Mohovce-1 operation with varying load were performed; 
- calculated and measured critical boric acid concentrations were compared for the 

experimental mode; 
- calculated and measured micro- and macro-fields of power density were compared 

for various moments of the transient associated with core power decrease to 200–
220 MW and subsequent (after 7 hours of operation at low power) return to the 
initial thermal power level; 

- statistical analysis of comparison results was performed for different moments of 
time and different reactor power levels that took place during the transient. 

The results that were obtained confirm the following:  
- power reduction period should not be used for assessing the methodical errors, 

because of rapid (13%/min) reactor power decrease; 
- with 95% probability, deviations of calculated critical boric acid concentrations 

from measured ones were within the range of 0.18–0.04 g/kg of Н3ВО3 throughout 
the whole power reduction/ascension experiment; 

- for measured values, which were acknowledged as reliable, root-mean-square 
deviations of calculated values from measured ones were determined – for relative 
assembly capacities, relative volumetric power densities, and linear load, and for 
different moments of time and reactor power levels; 

- the analysis that was performed shows that the relative root-mean-square deviation 
of calculated qk values from measured ones makes 0.024 over the whole array of 
assemblies equipped with thermocouples; 

- for qk  > 0.8 kq
max , the root-mean-square deviation of calculated values from 

measured ones makes 0.016–0.018; 
- at power levels above 90% of Nnom, the root-mean-square deviation of calculated 

Vk  values from measured ones makes 0.052–0.065 over the whole array of 
assemblies equipped with SPND; 

- for Vk >0.8 max
Vk  , the root-mean-square deviation of calculated values from 

measured ones makes 0.021–0.037; 
- the above deviation values include also the differences associated with each core-

specific mechanical component.  
Thus, the upper estimates were obtained for each methodical error considered for the 

specific fuel load of the specific power unit, in a definite moment of fuel lifetime, and in 
specific transient conditions. It is quite probable that assessments obtained for other fuel 
loads, power units, transients and fuel lifetime periods would not differ much from those 
included in this report. It seems that performing similar studies on other units, for other 
transients and fuel lifetime periods could reasonably continue this work. Some operation 
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modes involving reactor power variation, which have already been realized in practice, could 
possibly be suitable for this purpose.  
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