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ABSTRACT 

Extensive validation of nuclear libraries was performed against lattice experiments with 
the help of the MULTICELL lattice calculation code and the COREMICRO 2D fine 
diffusion code. New cross-section library set was developed for these codes based on the 
ENDF/B-VI nuclear database. These codes belong to the KARATE-440 code package which 
is used for the calculation of VVER-440 reactor cores. The ZR-6 zero power critical facility 
was used as experimental database, where a wide range of hexagonal lattices were 
investigated. In the first step single-pin-cell calculations were performed for uniform critical 
ZR-6  lattices, where the axial and radial leakage were taken into account by the measured 
material buckling. In this step beside of criticality some spectral indices were investigated too. 
In the second step 2D calculations were applied for all the experimental configurations, 
including different temperatures. The ∂ρ/∂H and ∂ρ/∂T coefficients were evaluated, too. 

1 INTRODUCTION 

The KARATE-440 code package [1] calculates neutron physical and thermal hydraulic 
processes in the VVER-440 core under normal, start-up, slow transient conditions. The 
system comprises units from the multigroup transport calculations up to the nodal calculations 
of the reactor core. In the frame of an upgrading the application of the ENDF/B-VI Release 6  
nuclear data had been decided in all stages of the calculations instead of the former ENDF/B-
IV. The basic units of our nodal parameter generation methodology are the multigroup lattice 
calculation code MULTICELL and the 2D fine-mesh few-group diffusion code 
COREMICRO. Recently the new libraries based on ENDF/B-VI nuclear data set has been 
prepared for them. 

The multigroup calculations were performed in 35 epithermal and 35 thermal energy 
groups. The necessary nuclear data were prepared with the help of the NJOY [2] and PEACO 
[3] codes. The thermal scattering is described by a subroutine employing the Nelkin-model. 
The cross sections of the resonance isotopes (U-235, U-238, Pu-239) and the Bell-factors are 
tabulated as the functions of the dilution cross section of a homogeneous material and of the 
temperature. The equivalence theory is used for the calculation of the shielded multigroup 
cross sections for the heterogeneous case, where the Dancoff factor is determined from the 
first flight collision probabilities. 

A region containing a number of fuel cells and heterogeneities can be calculated by 
solving the multigroup collision probability equations. The collision probabilities are obtained 
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as a combination of the cell transmission and escape probabilities and the collision 
probabilities inside the cylindrical cells. 

The fuel pin cell burnup calculations extend to 18 actinides and 145 fission product  
isotopes, that allows following the burnup up to 50000 MWd/tU. 

The assembly-wise transport calculations are carried out by the help of MULTICELL 
code [1], which is a 2D depletion code based on approximate solution of the integral transport 
equation. It was tested against measurements on the ZR-6 critical assembly. The 
MULTICELL code is used to generate few-group cross section libraries. 

A new algorithm implemented in the COREMICRO module has been elaborated to 
calculate the pin-wise power distribution over the whole horizontal cross section of the 
reactor core. The layer characteristics are calculated by solving the few-group fine-mesh 
diffusion equation in hexagonal two dimensional geometry for the given area and its 
surroundings (reflector). The irregularity between the assemblies is also taken into account in 
the difference scheme. All axial layers are calculated and the third direction is taken into 
account by an axial buckling originated from the global calculation. The code has been 
validated against Monte-Carlo calculations. Further comparison against the ZR-6 
measurements is available as the input preparation of COREMICRO is flexible enough to 
handle different hexagonal core configurations. 

In this paper some results of MULTICELL and COREMICRO have been compared to 
critical experiments performed at the Hungarian ZR-6 critical pile. These experiments and a 
theoretical analysis are compiled in the Final Report of TIC [4-7] and the data can be found in 
the International Handbook of Criticality Safety Bechmark Experiments [8] too. Both single-
pin-cell calculations on critical lattices and 2D calculations on some detailed experimental 
configurations have been made. Not only the usual integral quantities were calculated, like 
keff, δ28 (the ratio of the total fission rate of U238 to that of U235) and Spectral Index but also 
the ∂ρ/∂H and ∂ρ/∂T coefficient. 

2 SINGLE PIN-CELL CALCULATIONS 

A number of published ZR-6 critical experiments were calculated by the hexagonal 
lattice code MULTICELL. In case of unperturbed, asymptotic, zero power critical 
configurations the errors coming from the mathematical model are negligible, there are no 
feedbacks effects and the space dependence of the neutron flux can be characterized by the 
buckling. In these cases the results of the calculations mostly characterize the applied 
libraries. 

The calculated results are the keff values as obtained directly by MULTICELL, using the 
measured material buckling as input in each case. In some lattices experimental quantities, 
such δ28, SI(Np/Dy) and SI(Np/Dy) were available, too. 

The calculated and measured data are summarised in Tables 1-4, where lattice parameters 
(pitch [cm]/ 235U enrichment/ boric acid concentration), temperature, measured data and the 
calculated parameters, using ENDF/B-VI and ENDF/B-IV are indicated in the columns 2-6. The 
detailed material and geometrical description of the investigated configurations can be found 
in the references given in the 4th column of the tables. 

The calculated keff for ZR-6 lattices are a little bit higher in case of the new library, 
compared to the former one (see Tab. 1). The change is about 0.8 %. Tables 3-4 show 
comparison between the experimental values and those calculated by MULTICELL for 
spectral indices. As we can see, the final results of this investigation are better than our former 
calculations and similar to the HELIOS results [9]. 
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Table 1: Measured buckling and keff calculated by MULTICELL using different nuclear 
database for ZR-6 lattices 

      Lattice 
Pitch/Enr./B.acid  

 T 
[oC] 

B2 measured 
    [m-2] 

 keff calc. using 
ENDF/B-VI. 

 keff  calc. Using 
ENDF/B-IV. 

 1 11.0/3.6/0.0  20   66.01±0.55 [6] 0.9975 0.9824 
 2 11.0/3.6/0.0  80   64.02±0.49 [5] 0.9897 0.9741 
 3 11.0/3.6/0.0 130   59.76±0.31 [5] 0.9867 0.9703 
 4 11.0/3.6/1.0  20   62.14±0.62 [5] 1.0020 0.9866 
 5 12.7/1.6/0.0  20   50.57±1.15 [4] 0.9937 0.9837 
 6 12.7/3.6/0.0  20 100.40±0.41 [7] 1.0087 1.0013 
 7 12.7/3.6/0.0  80   96.55±1.29 [5] 1.0040 0.9959 
 8 12.7/3.6/0.0 130   90.27±0.91 [5] 1.0023 0.9934 
 9 12.7/3.6/5.8  20   64.95±0.26 [5] 1.0079 0.9989 
10 12.7/3.6/5.8  80   61.69±0.20 [5] 1.0094 0.9997 
11 12.7/3.6/5.8 130   59.02±0.13 [5] 1.0064 0.9959 
12 12.7/4.4/0.0  20 112.58±1.65 [4] 1.0037 0.9967 
13 12.7/4.4/0.0  80 105.11±0.76 [5] 1.0089 1.0011 
14 12.7/4.4/0.0 130   96.61±0.64 [6] 1.0131 1.0043 
15 12.7/4.4/0.64  20 106.60±1.84 [4] 1.0102 1.0030 
16 15.0/1.6/0.0  20   48.90±0.65 [5] 1.0023 0.9959 
17 15.0/3.6/0.0  20 120.36±0.65 [5] 1.0087 1.0060 
18 15.0/3.6/4.0  20   70.25±0.81 [5] 1.0137 1.0089 
19 15.0/4.4/0.0  20 136.80±0.64 [5] 1.0033 1.0013 

 

Table 2: Measured and calculated δ28, using different nuclear data base  

      Lattice 
Pitch/Enr./B.acid 

T 
[oC] 

Measured value calc. using 
ENDF/B-VI. 

calc. using 
ENDF/B-IV. 

 1 11.0/3.6/0.0 20 0.0853±0.0027 [4] 0.08598 0.08070 

 5 12.7/1.6/0.0 20 0.0667±0.0039 [4] 0.06268 0.05923 

 6 12.7/3.6/0.0 20 0.0543±0.0013 [4] 0.05528 0.05219 

12 12.7/4.4/0.0 20 0.0557±0.0014 [4] 0.05393 0.05092 

15 12.7/4.4/0.64 130 0.0578±0.0014 [1] 0.05430 0.05128 
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Table 3:  Measured and calculated SI(Np/Dy), using different nuclear data base 
 Pitch/Enr./B.acid T[oC] Measured value ENDF/B-VI. ENDF/B-IV. 

 1 11.0/3.6/0.0 20 6.1535±0.0911 [7] 6.157 6.349 

 3 11.0/3.6/0.0 130 6.8162±0.0993 [5] 6.620 6.823 

 4 11.0/3.6/1.0  20 6.3107±0.0878 [5] 6.217 6.410 

 5 12.7/1.6/0.0  20 2.544 ±0.040    [7] 2.480 2.534 

 6 12.7/3.6/0.0  20 4.0170±0.0287 [5] 3.936 4.044 

 8 12.7/3.6/0.0 130 3.9920±0.0253 [5] 4.195 4.308 

 9 12.7/3.6/5.8  20 4.4428±0.0667 [5] 4.284 4.400 

11 12.7/3.6/5.8 130 4.5700±0.0254 [5] 4.546 4.666 

12 12.7/4.4/0.0  20 4.3430±0.0540 [5] 4.533 4.663 

14 12.7/4.4/0.0 130 4.7200±0.0573 [5] 4.846 4.983 

16 15.0/1.6/0.0  20 2.1016±0.0426 [5] 1.952 1.986 

17 15.0/3.6/0.0  20 3.0959±0.0343 [5] 2.819 2.884 

18 15.0/3.6/4.0 20 3.4086±0.0289 [5]  3.061 3.131 

19 15.0/4.4/0.0  20 3.2365±0.0799 [5] 3.169 3.247 

 
Table 4: Measured and calculated SI(Ce/Dy), using different nuclear data base 

 Pitch/Enr./B.acid T[oC] Measured value ENDF/B -VI. ENDF/B �IV. 

 1 11.0/3.6/0.0 20 1.3107±0.0131 [5] 1.314 1.302 

 2 11.0/3.6/0.0 130 1.3821±0.0122 [5] 1.336 1.322 

 3 11.0/3.6/1.0 20 1.3346±0.0095 [5] 1.317 1.305 

 4 12.7/1.6/0.0 20 1.1410±0.0220 [7] 1.117 1.112 

 5 12.7/3.6/0.0 20 1.1791±0.0062 [5] 1.172 1.164 

 6 12.7/3.6/0.0 130 1.1470±0.0054 [5] 1.181 1.172 

 7 12.7/3.6/5.8 20 1.2337±0.0114 [5] 1.191 1.183 

8 12.7/3.6/5. 130 1.1990±0.0067 [5] 1.200 1.190 

9 12.7/4.4/0.0 20 1.1666±0.0097 [7] 1.194 1.186 

 01 12.7/4.4/0.0 130 1.2049±0.0092 [5] 1.206 1.196 

11 15.0/1.6/0.0 20 1.2642±0.0214 [5] 1.074 1.071 

11 15.0/3.6/0.0 20 1.2793±0.0130 [5] 1.103 1.098 

11 15.0/3.6/4.0 20 1.3183±0.0099 [5] 1.116 1.111 

11 15.0/4.4/0.0 20 1.2433±0.0250 [5] 1.116 1.110 
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3 TEMPERATURE DEPENDENT CASES 

The temperature dependent parameters of some configurations were measured up to 130 
oC at the ZR-6. This parameter range of the experiments is not available during physical start 
up of the NPP, however the temperature coefficient of reactivity is of interest for reason of 
safety and these data are useful for validating codes and their libraries, too. The experiments 
and the measured data were published in [4-6] but some careful description of the 
fundamental data and a new evaluation of the experiments were published recently [7]. 

 
3.1 Measured data 

The criticality of the ZR-6 configurations were reached by setting up the water level, H. 
It means that some part of the pins were out of the moderator. This -so called- dry part of the 
core could be characterized by an appropriate axial extrapolation length λz, which can be 
evaluated from ∂ρ/∂H. Consequently the critical water level Hcr and the reactivity coefficient 
∂ρ/∂H were measured for all the core configurations. The experimental method of measuring 
∂ρ/∂T was based on these figures in the following way. Let us assume that the critical 
parameters had been measured, the moderator temperature was changed by ∆T≈ 5 oC. In the 
following experiment the criticality was reached at  (H+ ∆H). It can be written in the 
following way:  

H
H

T
T

HHTTHT ∆+∆=∆+∆+−=
∂
∂ρ

∂
∂ρρρ ),(),(0 , 

from which the temperature coefficient can be obtained:  

    
dT
dH

HT ∂
∂ρ

∂
∂ρ −= . 

It means that the ∂ρ/∂T measurement can be originated in determining a series of 
critical states depending on the temperature. There are some difficulties in the measurement 
such as reaching the homogenous temperature distribution in the core and the cooling under 
the measuring procedure. For safety reason a thick spacer-plate was put into the core, which 
perturbed the critical water level of the homogeneous core. These effects caused some trouble 
for the final evaluation. The problem was solved by program RFIT (see [10]).  

The calculations were performed on two configurations: 
• core 161/161 lattice pitch: 1.27 cm; enrichment of 235U: 3.6 %; boric acid conc.: 4.0 g/kg;  

Number of pins: 1765 (Requ= 28.013 cm); few group constants were evaluated at 8 
temperatures, 

• core 246/154 lattice pitch: 1.27 cm; enrichment of 235U: 3.6 %; boric acid conc.: 0.0 g/kg;  
Number of pins: 805 (Requ= 18.919 cm); few group constants were evaluated at 9 
temperatures.  

 
3.2 Interpretation of the experiments 

The results of the experiments are the partial derivatives of the reactivity at H=Hcr (T), 
which are constant for a given measurement (at a given core and temperature). It means that 
in the lack of suitable model for the temperature dependence of radial reflector saving in order 
to interpret the ZR-6 measurement correctly, only 2D calculation at fixed axial buckling could 
calculate the measured data. 

The simulation of the experiments was performed by the COREMICRO code using the 
few group constant data evaluated by the MULTICELL code and the measured axial 
bucklings. In the COREMICRO code the group constants are prescribed hexagon by hexagon.  
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In some cases the experimental material buckling was evaluated too and such a way the 
criticality calculations made by the two codes could be compared. 

 
Checking the good functioning of our library preparation method, the keff as a function 

of temperature was calculated by both codes. The material bucklings of the configurations 
were evaluated at 3 temperatures (room, 80 and 130 oC) only, such these cases we could use 
the MULTICELL code. For COREMICRO the axial buckling was evaluated from the fitted 
axial reactor savings and the given critical water levels. In the Table 5 the calculated keff for 
the core No 161 and 246 can be seen. The MULTICELL gave higher value in 5 of 6 cases. 
Taking into account the uncertainty of the input data (see Tabl. 1), the agreement is 
acceptable. 

 
Table 5: The results of keff calculation, using COREMICRO and MULTICELL codes 

                            keff [-] Core T[C] 
COREMICRO MULTICELL 

23.0 0.99979 1.00607 
79.2 0.99859 1.00174 

161 

129.6 0.99743 1.00157 
22.3 0.99865 1.00182 
80.1 0.99666 0.99295 

246 

131.7 0.99378 0.99528 
 
The evaluation of ∂ρ/∂H resemble the technique of measurement. The keff was evaluated 

at the appropriate temperature, then the axial buckling was changed (λz is known from 
measurements). From the calculated supercriticality the reactivity coefficient can be 
evaluated: 

     ∂ρ/∂H ≈ ∆ρ/∆H. 
 
The calculation was done by COREMICO. On the Figure 1 and 2 one can see all the 

measured data and the calculated ∂ρ/∂H as a function of temperature for the core No 161 and 
246. Good agreement can be visualised among measured and calculated data, in both cases for 
the whole range of temperature. 
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Figure 1: Comparison of the Measured and Calculated (COREMICRO) ∂ρ/∂H as a function 
of temperature  [12.7/3.6/4.0/1765 pins] 
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Figure 2: Comparison of the measured and calculated (COREMICRO) ∂ρ/∂H as a function of 

temperature  [12.7/3.6/0.0/ 805 pins ] 
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Figure 3: Comparison of the measured and calculated (COREMICRO) ∂ρ/∂T  as a function of 

temperature [12.7/3.6/4.0/1765 pins] 
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Figure 4: Comparison of the measured and calculated (COREMICRO) ∂ρ/∂T as a function of 

temperature  [12.7/3.6/0.0/ 805 pins]  
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The calculation of temperature coefficient of reactivity is more difficult due to the rarely 
evaluated, temperature dependent few group data set for the COREMICRO code. Here the 
buckling was fixed in the criticality calculations, made by COREMICRO. In such a way 
averaged ∂ρ/∂T was given for a relatively wide interval, as one can see in Figure 3 and 4. The 
calculation slightly under estimates the measured data for both cores. 

 

4 CONCLUSIONS 

Upgrading the KARATE code system with multi- and few group libraries on the basis 
of the ENDF/B-VI nuclear data was solved. Their validation on measured data has been 
started. 

The calculations on the several pin-cell lattices originated from ZR6 laboratory show 
good agreement with the measurements, the keff values became higher than our former results. 
Similar tendency can be seen in the comparison with the other measured parameters, too. 

The validation was extended to the temperature dependent ZR-6 experiments. The 
MULTICELL code and the newly developed 2D diffusion code COREMICRO was used for 
the work. These are the first attempts to evaluate these experiments by diffusion code. The 
temperature dependent buckling, ∂ρ/∂T and ∂ρ/∂H were investigated on two core 
configurations of ZR-6. The best agreement can be realised in the comparison of the 
measured and calculated parameters in the latter case, however further effort should be done 
in connection with reactivity coefficient of temperature. 
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