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ABSTRACT 

 
 

One of the topics for discussion at special working group “Elaboration of the 
methodology for calculating the core design engineering factors” is the problem of 
engineering factor components. The list of components corresponds to the phenomena that are 
taken into account with the engineering factor. It is supposed the better understanding of the 
influenced phenomena is important stage for developing unified methodology. 

This paper presents some brief overview of components of the engineering factor for 
VVER core peaking factors as they are in the Kurchatov Institute methodology. The evolution 
of some components to less conservative values is observed. Author makes some assumptions 
as for the further progress in components assessment. 
 

 
 

The engineering factors providing observance of design limits at normal operation, 
should cover, with the set probability, the uncertainty, connected with process of core design. 
For definition of the value of factors it is necessary to define influence of these uncertainties 
on the investigated parameter of the reactor. Practice consists in defining all possible sources 
of uncertainties, to estimate influence of each of them, and on their basis to define total 
influence of all uncertainties. The important stage of a technique of factor calculation is a 
definition of the list influencing uncertainties. 

It is obvious that all characteristics of VVER core are known with some uncertainty – 
owing to manufacturing tolerances, the measurement errors, etc. However essential influence 
on the parameters connected with safety, render only a part from them. At list formation those 
characteristics get out only, whose influence is essential to the corresponding parameter. 

 
 
 

COMPONENTS CLASSIFICATION 
 
 
In the methodology of RRC «Kurchatov Institute» for calculation of margin factors for 

power peaking parameters, all the uncertainty, able to lead to difference of true values of 
parameter from the design one, are subdivided into three base categories – mechanical, 
methodical, integral. 



The “mechanical” concern uncertainty of the sizes and structure of the fuel 
composition, connected with presence of manufacturing tolerance: fuel enrichment on U-235, 
outer diameter of pin cladding, weight of uranium in fuel pin/FA, a fuel pin pitch, content of 
Gd. Besides, to the mechanical carry the uncertainty, connected as with the fuel 
manufacturing and conditions of its operation: the possible axial gap between fuel pallets and 
a gap between FAs, whose deviation from design value caused both by pitch tolerance, and 
effect FA bow (for VVER-1000). It is necessary to notice that in PWR practice, for example, 
for AP1000 [1] and EPR [2], consider also diameter of a fuel pallet and possible eccentricity 
of a pallet-clad gap. And the technique used for NPP Paksh [3] includes in consideration also 
the size of the fuel pallet central hole, fuel pin length, and still some characteristics. 

Methodical uncertainties is unknown differences of design values of parameters of 
power peaking from true, caused by imperfection of the codes used at designing of fuel 
cycles. Methodical uncertainties in all known techniques are estimated in the course of 
verification and validation process, they are various for various codes and calculation 
procedures. 

Integral uncertainties mean deviations of integral parameters on a core. The technique 
of RRC «Kurchatov Institute» rate to this category the core thermal power which can be 
above nominal during operation because of discrepancy of its maintenance, and also an error 
of its measurement. The temperature and the flow rate, concentration of boric acid and 
pressure, can be considered also, though these characteristics it is more important for DNBR. 

 
 
 

SIGNIFICANCE OF COMPONENTS 
 
 
Categories, on which components of engineering factors are classified, are defined 

according to sources available uncertainties. Thus influence of categories on value of 
engineering factor variously that should be considered in a technique of its calculation. In 
Figure 1 comparative contributions of various categories to final value of EF for the pin 

peaking factor of VVER-1000 core are presented; columns represent value of 
pin

pin

q

q
; the gap 

between FAs, contribution caused by their bending, is presented separately. 
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Figure 1.  Components contributions to the Engineering Factor for peaking factor 

 
The greatest contribution to value of engineering factor is brought by a component 

considering a methodical error of calculation codes. The component connected to gap 
between FAs, caused by fuel bow is comparable with it only. Contributions of mechanical 
components and uncertainty of integral parameters is much less. Such representation of 
contributions of various categories uncertainties is useful, when ways of reduction of 
conservatism by reduction of engineering factor are discussed. At Figure 2 comparative 
contributions of various components to engineering factor for linear heat rate in more details 
are presented.   
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Figure 2.  Detailed components contributions to the Engineering Factor for linear heat 

rate 
 



Data at Figure 2 is presented according to the RRC “Kurchatov Institute” design 
procedure for engineering factor for a case of use of the Russian engineering codes. 

Methodological errors are presented by 4 components: an error of calculation of relative 
power of FA section KvKv ; an error of calculation of relative pin power inside FA 

KkKk ; an error of KkKk  connected with redistribution of temperature along the FA 
cross-section; and also the systematic bias error connected with the account of effect from 
spacer grids. First three components can be combined statistically whereas the systematic bias 
increases arithmetically, bringing the small contribution. The greatest contribution brings an 
error of calculation of Kv with coarse-mesh codes which is estimated during verification and 
validation process. 

The components connected with gaps between FAs and possible axial gaps between 
fuel pallets are separately noted. The effect from gaps between FAs which is important for 
peripheral fuel pins dominates here. The estimation of this contribution is made by enough 
conservative technique [4] based on results thermo-mechanical modelling of FAs behaviour. 

As a mechanical component the cumulative effect from a possible deviation of structure 
and the sizes of a fuel composition from design value within manufacturing tolerance is 
presented. The contribution of these a component is rather insignificant. It is interesting to 
notice thus that the greatest number of the models using various mathematical and statistical 
methods is developed for an estimation of this component. From the presented figure, 
however, it is visible that more careful definition of this component slightly influences total 
value of engineering factor. 

In our methodology usually are considered 2 integrated components connected with an 
error of definition and accuracy of maintenance of integrated thermal power of the reactor. 
Their values depend on the considered project of reactor. Sometimes these components do not 
join in engineering factor, and participate in full margin factor. 

It is obvious that the greatest influence on a resultant valueof engineering factor is 
rendered by the components presented in Figure 1 and 2 more to the left. Change in them 
conducts to the most essential changes in factor. 

 
 
 

REVISION OF SOME COMPONENTS 
 
 
Contributions of various components to engineering factors are constantly reconsidered, 

and traditionally revision occurs towards reduction of components. Reduction is usually 
explained with removal of superfluous conservatism, and it occurs in process of deepening of 
knowledge of the nature of investigated uncertainty. 

As an example of such revision it is possible to mention methodological errors which 
bring the most significant contribution to the factor. Some time ago as an estimation of an 
error of calculation of power peaking parameters the data from passports of codes was used. 
However, in passports it is possible to consider estimations conservative enough, they are 
applicable for a wide class of fuel loadings, and the statistical basis of these estimations is not 
always clear. Therefore logical step is to use of the modern statistical estimations received on 
similar fuel loadings. 

Specification of an assessment technique can become the further step to an estimation 
of a methodological component of engineering factor for power peaking. In a case when for 
an estimation of a methodological error calculation-experimental comparisons are used, the 
error of measurements influences result. The separation of an experimental error will allow 
reducing value of an estimation of a methodical error. Besides, more exact definition of the 



statistical sample sizes on which it is possible to receive estimations in a course validation is 
necessary.  

Further two examples of evolution of estimations specific a component of engineering 
factor for power allocation parameters in reactors VVER-1000 are described. 

 
 
Component for FA bow 
 
Essential influence on value of engineering factor for ВВЭР-1000 fuel pin is played by 

a component considering gap between FAs, connected with their bow. The technique of it 
assessment is based on the result of thermo-mechanical calculation of a core in which course 
distribution of gaps, as for example, in Figure 3 is defined. 

 
 

 
 
Figure 3.  Probability distributions of single and double gaps in the VVER-1000 core, 

from [4]. 
 
The chosen statistical measure of gaps, for example the right limit of 95 % one-side 

confidential interval, is multiplied on the corresponding sensitivity coefficient – so an 
estimation of the component connected with FA bow is obtained [4]. 

Because this component is one of the most significant, it is desirable to reduce 
conservatism of its estimation. One of ways of such reduction is transition from an estimation 
of distribution of gaps between FAs to an estimation of distribution of power spikes in 
peripheral pins. 

For this purpose from thermo-mechanical calculation receive distribution of gaps in the 
most dangerous cross-section on height of a core. Co-relation between change of a gap and 
pin power spike is supposed linear, the conservative factor of proportionality is obtained by 
processing results of a series of pin calculations, with considering features of FAs joint 
geometry. For every peripheral pin we define value of power spikes caused by deviation in 
gap size. The example of power spikes distribution in peripheral pins is presented in Figure 4. 

 
 
 
 
 



 
 

Figure 4.  Distribution of the power spikes in the peripheral fuel pins 
 

As a value of a component for an engineering factor calculation it is offered to use 
again the right limit of one-side 95 % of the confidential interval, noted on figure as  (95 %). 
Thus it is provided that no more than 5 % of a peripheral fuel pins in a core have power spike 
in a critical cross-section above than the established value. 

Thus it is possible to consider such estimation still conservative – at construction of 
distribution Fig. 4 conservatively overestimated values of factor of proportionality between 
gap and spike are used. In a methodology used by RRC «Kurchatov Institute», this factor was 
obtained for fresh fuel of high enrichment, with the moderator without boric acid. The 
account of real enrichment and fuel burning out, and also concentration of boric acid as it is 
supposed, will allow reducing the component of engineering factor for fuel pin peaking and 
the linear heat rate, connected with a FAs bow. The account of the various factors influencing 
pin power spikes in a course pin-by-pin calculation of a whole core, as in [5] is also possible. 

 

 

Component for axial gap between fuel pallets 
 
During a fuel operation in a core the gap between fuel pallets in the pin could appear. 

Such gaps are observed sometimes during post-reactor measurements of a FA. This kind of 
gap lead to a power and a thermal flux spikes in a zone adjoining to it, that can lead to local 
violation of fuel pin operational conditions and is affect negatively to its integrity. Possible 
occurrence of a gap between fuel pallets (further an axial gap) should be considered by 
introduction of a sufficient margin. 

Using the general approach, size of an axial gap is understood as a random variable 
characterized by its probability distribution. Definition of this distribution makes certain 
complexity in a kind of a rarity of the phenomenon. In that case earlier the conservative 
approach was used in which frameworks a uniform distribution of probability density for an 
axial gap was considered (Figure 4a), with as much as possible observed size of a gap of 4 
mm. 

 



 
 
Figure 5.  Conservative functions of probability density distribution for axial gap, a) 

uniform; b) triangular, from [6]. 
 
 
Such distribution, however, contradicts experimental observation. Actually, an 

observation of an axial gap is rare event, and the more is the gap size, the rarely. From that 
reason it is possible to use triangular distribution of probability density (Figure 4b) in which 
most probable value of a gap is zero, and the gap probability falls with gap increasing. The 
value of engineering factor components, received at triangular distribution is less than in a 
case with uniform [6], however, it still seems an extra conservative. 

More realistic way of receiving of axial gap distribution based on the statistical analysis 
of FA post-reactor measurement data. Such analysis has been executed by the author by data 
of gamma scanning of 43 ВВЭР-1000 fuel pins. Measurable gaps between fuel pallets have 
been observed in 21 of them. Forty three gaps have been found out with a total number of the 
considered joints between pallets more than 1500, thus some results should be considered as 
not quite reliable. 

From this data it is possible to conclude that the probability to be formed to an 
measurable gap between any two fuel pallets is less than 3 %. The average size of a gap on 
the investigated sample was only 0,017 mm, thus it is necessary to understand that the 
average size not completely characterizes the given sample. 

On the basis of analysis of all measurements as a single sample it is offered to describe 
a distribution density of an axial gap in form of f(x)~x

-. It is obvious that such function 
doesn't suppose zero gaps. Taking into account an error of a measuring method, and also from 
conservative reasons, the gap of 0,1 mm was chosen as minimum for distribution. Such 
approach allows considering effect from "incomplete" gaps – small slits at joint of pallets 
which arise because of stronger expansion of the hot center, that are also result small power 
spikes. 

По имеющимся измеренным данным, и с учетом высказанных предположений 
определены следующие основные параметры распределение функции вероятности: 

Under the available measured data, and taking into account the stated assumptions the 
following key parameters of probability distribution function are defined: 
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xF  - cumulative distribution function; 

(95%)=0,447 mm – right limit of one-side 95% confidential interval. 
 
 

 
 

Figure 6.  Power function of probability density distribution for axial gap 
 
In Figure 5 the probability density distribution for an axial gap is presented. As a 

statistical measure it is offered to use the right limit of one-side 95% confidential interval 
(95%). According to the chosen distribution, with probability 95 % a gap between fuel 
pallets will not exceed size of 0,447 mm. It is necessary to notice that in the considered 
experimental sample of gaps, only 0,8 % of it were bigger than 0,447 mm, that testifies to 
sufficient conservatism of offered distribution. 

Thus, the component accounting a possible axial gap consistently decreased in course 
of gap statistical improvement. It is necessary to notice that the further research in this area 
can lead to full refusal of the account of the given component as it is made in projects of 
AP1000 [1] and EPR [2]. The matter is that gaps are observed in a cold condition of highly 
burned FAs. Thus obvious that in a hot condition gaps are getting out due to thermal 
expansion of pallets. Besides, results of measurements find out dependence of size of axial 
gap on burnup. In the most dangerous from the point of view of power spikes fresh fuel, most 
likely, gaps between pallets are not exist, hence, there is no necessity to bring an additional 
margin on this effect. 

 
 
 
CONCLUDING REMARKS  
 
 
Activity of AER working group “Elaboration of the methodology for calculating the 

core design engineering factors” is directed on development of a uniform procedure for 
engineering factors of VVER fuel loadings. It is supposed that fuel loadings are made of  FAs, 
manufactured by the sale technologies, and possessing similar characteristics and tolerance. It 



allows discussing common list of characteristics which uncertainty are necessary to take into 
account for calculation of engineering factors for all VVER. 

It also should be noted that there is a way of revision of the engineering factor by 
revision of its component. If we are aiming on a more realistic and less restrictive engineering 
factor, for unified methodology we should use the best practice for component assessment. 
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