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ABSTRACT 

 

Development activities, presented in the paper, contribute to the evolution of gadolinium fuel for the 

VVER-440 reactors. Short overview of existing and already proposed Gd-assemblies is given. Two 

new assemby types with improved features are described. Multiplication coefficients and pin power 

peaking factors of all mentioned gadolinium assemblies are compared. Animations of power 

distribution behaviour in selected Gd-assemblies are shown. 

1. INTRODUCTION 

Important part of VVER reactors improvement is an evolution of nuclear fuel. Gradual growth of 

discharged burnup is connected with enrichment increase and fuel assembly tuning. Several 

alternative VVER-440 FA’s were presented during last years. Comparison of these variants and 

characterisation of two new proposals is presented in following chapters. 

 

2. RECENT FUEL ASSEMBLIES FOR VVER-440 REACTORS 

Representatives of older, recent and alternative FA types for VVER-440 reactor were selected into the 

overview. 

2.1 Assembly description 

Main features of selected assemblies can be seen in TABLE I. Concerning older FA types, exploitation 

of radially profiled FA’s (RP) is almost finished and first generation Gd fuel (Gd) was never use in 

Slovakia.  

Recently Gd2 FA is used broadly. Its hypothetical variant without Gd (replaced by Zr) is also taken into 

account.  



Another growth of discharged burnup is connected in Slovakia with introduction of higher enrichment, 

represented by Gd2R FA. This assembly is compared with other four published alternatives. The most 

complicated seems to be FA Gd2+, as altogether 5 pin types are present in the assembly. 

 

 

TABLE I   Fuel assembly key parameters 

 

pins (enrichment [wt%]/number) FA 

group  

FA 

label 

mean 

enr. [wt%]  basic 1-st pr. 2-nd pr. 3-rd pr. 4-th Gd 

remark 

RP 3,82 4,0/84 3,6/24 3,3/18 - - no Gd [1] older 

Gd1 4,38 4,6/84 4,0/30 3,6/6 - 4,0/6 [1] 

Gd2 4,25 4,4/84 4,0/30 3,6/6 - 4,0/6 [1] recent  

Gd2H 4,25 4,4/84 4,0/36 3,6/6 -  hypotet.-no Gd 

Gd2n 4,2 4,4/81 4,0/24 3,6/18 - 4,0/6 [2] 

Gd2+ 4,25 4,6/54 4,0/30 3,7/30 3,3/6 4,0/6 [3] 

Gd2M 4,38 4,6/84 4,0/30 3,6/6 - 4,0/6 [4] 

Gd2CZ 4,86 5,0/84 4,0/30 4,4/6 - 4,0/6 [5] 

alter 

native  

Gd2R 4,87 4,95/102 4,6/18 - - 4,0/6 [1] 

 

The most complicated seems to be FA Gd2+. 

2.2 Assembly behaviour 

Main performance parameters - kinf and kk - were compared, based on HELIOS calculations [6]. 

Multiplication ability can be seen in Fig. 1 and 2. The most interesting is Gd2n assembly with 

monotonous dependency of kinf on burnup. 

In-assembly power peaking can be seen on Fig. 3 and 4. Monotonous peaking dependency on burnup 

is typical for Gd2n FA again, the highest power peaking exhibits Gd2R assembly. 



 

 

 

Fig. 1 Multiplication ability - older and recent FAs 
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Fig. 2 Multiplication ability - alternative FAs 
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Fig. 3 In-assembly power peaking - older and recent FAs 
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Fig. 4 In-assembly power peaking - alternative FAs 

Example of FA optimisation: Gd2 > Gd2+ indicates potential more than 1% in pin power peaking. 
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3. VVER-440 FUEL ASSEMBLY PROPOSALS 

As can be seen in previous chapters, there is still some space for VVER-440 FA improvement. 

Development of FA proposals was oriented on two usual aims: improvement of multiplication ability 

and minimisation of in-assembly power peaking. 

3.1 Assembly description 

No restrictions on number of different fuel pins was imposed. As a consequence Gd2Pb has 5 and 

Gd2Pa even 6 various pin types as can be seen in TABLE II [7]. 

 

TABLE II   Proposed fuel assembly parameters 

 

pins (enrichment [wt%]/number)  FA 

group  

FA 

label 

mean 

enr. [wt%]  basic 1-st pr. 2-nd pr. 3-rd pr. 4-rd pr. 5-th Gd 

recent  Gd2 4,25 4,4/84 4,0/30 3,6/6 - 4,0/6  

Gd2Pa 4,55 5,0/42 4,6/36 4,4/6 4,0/30- 3,7/6 4,4/6 propo  

sed Gd2Pb 4,71 5,0/54 4,8/30 4,4/30 4,0/6 - 4,0/6 

 

3.2 Assembly behaviour 

Proposed assemblies were compared with Gd2 FA - see Fig. 5 and 6. Concerning kinf, local maximum 

for Gd2Pa is almost negligible and curve shape is closer to the Gd2n FA. Dependency of kk for this 

assembly is monotonous (except very high burnup) and very similar to that of Gd2n. 
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Fig.5 Multiplication ability - proposed FAs 



 

 

 

Fig. 6 In-assembly power peaking - proposed FAs 

Both parameters show, that FA Gd2Pa is similar to Gd2n FA. 
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3.3 Discussion 

Important FA performance features are in TABLE III. The lowest and the highest pin power peakings 

are marked by green an red colours respectively.  

Proposed FA Gd2Pa seems to be some combination of other progressive alternatives. Behaviour of 

kinf and kk is similar to advantageous Gd2n curves and power peaking is close to the most flat Gd2+ 

FA. At the same time enrichment is higher in comparison with mentioned FA’s. 

Proposed FA Gd2Pb FA the lowest power peaking in comparison with  “high enrichment” FA’s Gd2CZ 

and Gd2R. 

TABLE III   Fuel assembly key parameters 

 

kk FA 

group  

FA 

label 

mean 

enr. [wt%]  

k inf  

local max.  max1 max2 

RP 3,82 no 1,068 _ older 

Gd1 4,38 yes 1,072 1,048 

Gd2 4,25 yes 1,081 1,063 recent  

Gd2H 4,25 no 1,066 _ 

Gd2n 4,2 no 1,093 _ 

Gd2+ 4,25 yes 1,067 1,033 

Gd2M 4,38 yes 1,072 1,048 

Gd2CZ 4,86 yes 1,087 1,081 

alter 

native  

Gd2R 4,87 yes 1,138 1,106 

Gd2Pa 4,55 yes 1,069 _ propo  

sals Gd2Pb 4,71 negligible  1,078 1,064 

 

4. BURNING PROCESS VISUALISATION 

Fuel assemblies Gd2 (Fig. 7 and 8), Gd2+ (Fig. 9 and 10), Gd2n (Fig. 11 and 12) and proposed 

assemblies Gd2Pa (Fig. 13 and 14) and Gd2Pb (Fig. 15 and 16) were selected for visualisation. 

Animation procedure is used for burnup process visualisation. It enables to understand burnup 

process in the assembly more deeply and to improve optimisation process.



 

 

 

 

 

 

Fig. 7 Power distribution behaviour - Gd2 

 



Obr. 8-1 Gd2 

burn-up 0 MWd/tHM 

 

Obr. 8-2 Gd2 

burn-up 2000 MWd/tHM 

 

Obr. 8-3 Gd2 

burn-up 4000 MWd/tHM 

 

Obr. 8-4 Gd2 

burn-up 6000 MWd/tHM 

 

 

 

 

Obr. 8-5 Gd2  

burn-up 8000 MWd/tHM 

 

Obr.8-6  Gd2 

burn-up 10000 MWd/tHM 

 

Obr. 8-7 Gd2 

burn-up 30000 MWd/tHM 

 

Obr. 8-8 Gd2 

burn-up 60000 MWd/tHM 



 

 

 

 

 

 

Fig. 9 Power distribution behaviour - Gd2+ 



 

Obr. 10-1 Gd2+ 

burn-up 0 MWd/tHM 

 

Obr. 10-2 Gd2+ 

burn-up 2000 MWd/tHM 

 

Obr. 10-3 Gd2+ 

burn-up 4000 MWd/tHM 

 

Obr. 10-4 Gd2+ 

burn-up 6000 MWd/tHM 

 

 

 

 

Obr. 10-5 Gd2+ 

burn-up 8000 MWd/tHM 

 

Obr. 10-6 Gd2+ 

burn-up 10000 MWd/tHM 

 

Obr. 10-7 Gd2+ 

burn-up 30000 MWd/tHM 

 

Obr. 10-8 Gd2+ 

burn-up 60000 MWd/tHM 



 

 

 

 

 

 

Fig. 11 Power distribution behaviour - Gd2n 



 

Obr. 12-1 Gd2n 

burn-up 0 MWd/tHM 

 

Obr. 12-2 Gd2n 

burn-up 2000 MWd/tHM 

 

Obr. 12-3 Gd2n 

burn-up 4000 MWd/tHM 

 

Obr. 12-4 Gd2n 

burn-up 6000 MWd/tHM 

 

 

 

 

Obr. 12-5 Gd2n 

burn-up 8000 MWd/tHM 

 

Obr. 12-6 Gd2n 

burn-up 10000 MWd/tHM 

 

Obr. 12-7 Gd2n 

burn-up 30000 MWd/tHM 

 

Obr. 12-8 Gd2n 

burn-up 60000 MWd/tHM 



 

 

 

 

 

Fig. 13 Power distribution behaviour - Gd2Pa 



 

Obr. 14-1 Gd2Pa 

burn-up 0 MWd/tHM 

 

Obr. 14-2 Gd2Pa 

burn-up 2000 MWd/tHM 

 

Obr. 14-3 Gd2Pa 

burn-up 4000 MWd/tHM 

 

Obr. 14-4 Gd2Pa 

burn-up 6000 MWd/tHM 

 

 

 

 

Obr. 14-5 Gd2Pa 

burn-up 8000 MWd/tHM 

 

Obr. 14-6 Gd2Pa 

burn-up 10000 MWd/tHM 

 

Obr. 14-7 Gd2Pa 

burn-up 30000 MWd/tHM 

 

Obr. 14-8 Gd2Pa 

burn-up 60000 MWd/tHM 



 

 

 

 

 

Fig. 15 Power distribution behaviour - Gd2Pb 

 



 

Obr. 16-1 Gd2Pb 

burn-up 0 MWd/tHM 

 

Obr. 16-2 Gd2Pb 

burn-up 2000 MWd/tHM 

 

Obr. 16-3 Gd2Pb 

burn-up 4000 MWd/tHM 

 

Obr. 16-4 Gd2Pb 

burn-up 6000 MWd/tHM 

 

 

 

 

Obr. 16-5 Gd2Pb 

burn-up 8000 MWd/tHM 

 

Obr. 16-6 Gd2Pb 

burn-up 10000 MWd/tHM 

 

Obr. 16-7 Gd2Pb 

burn-up 30000 MWd/tHM 

 

Obr. 16-8 Gd2Pb 

burn-up 60000 MWd/tHM 



 

5. CONCLUSION 

Representatives of older, recent and alternative FA types were compared mutually and with two FA 

proposals as well. Existence of the space for another FA optimisation was confirmed. Proposed FA 

types exhibit some advantageous features in comparison with other analysed FA’s. But process of FA 

improvement requires another effort on the spectral code level and confirmation by core and fuel cycle 

coarse mesh calculations. 
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