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Abstract

Bilinear averaging has been widely accepted as the adequate
procedure for establishing few group perturbation cross
sectionss The most important differences compared to the
usual flux=averaging procedure are generally obtained for

the material worths especially of predominantly scattering
materials, In addition to these results the present work
gives a strong indication that the calculation of the neu-
tron lifetime is also markedly influenced by the averaging
scheme used, leading to an underprediction of the calculated
value, a fact which is most times observed in comparison with

experimental results.



In the recently published literature (1), (2), (3), it
has been pointed out that one has to be careful in collapsing
group constants for perturbation calculations with a reduced number
of groups. Bilinear averaging has been accepted as the adeguate
procedure foi establishing few group perturbation crossesectiomns,
The differences in the results compared to the results obtained
with the normal flux averaging procedure are most pronounced for
the material worths of light elements, which predominantly seatter
neutrons. In the present work some numerical results are given for
the assembly SNEAK-3A-2 which is described by Schréder (k).

Besides the reaction rates

and the material worths, the most important quantity considered
is the neutron lifetime, which turns out to be influenced considers

ably by the collapsing procedure.

The formulae used in this work for different collapsing
schemes (i.e. with normal flux=, sdjoint fluxe , and bilinear weightw
ing) are the same as that of Pitterle (1) whose treatment of the
scattering matrix seems to be most reasocnable compared to that of
other authors. The reference case for the following comparison
has been calculated with a 26=group set (5) established in the
Institut flir Neutronenphysik und Reaktortechnik at the Kernfor=
schungszentrum Karlsruhe. For all cases one=dimensional diffusion
calculations in radial direction have been performed, This assures
that the weighting functions can be assumed to be exact and all
d ifferences observed are caused by the group collapsing and not by
any spatial effects,

As & first step a group collapsing to five groups has
been performed which contain the following somewhat arbitrarily
chosen groups of the 26=group set with the Russian ABN group
structure (6).



New group - I II I11 Iv v

Groups of the

26=group set 1=5 | 6=11 | 1218 | 19=24 | 2526

In table 1 the most interesting integral results of the
5 group diffusion calculations are shown normalized to the corre=
sponding 26=group results.

Table 1 essentially confirms the conclusions of others
(see e,g. the statements in the work of Pitterle (1)). Therefore,
they will not be repeated here,

In addition to these cases we have performed also perturs
bation calculations and have determined the neutron lifetime which
can be calculated by a perturbation formalism too taking 1/v as
perturbation crossesection. The corresponding results are given in
table 2,



weighting

normelized

normalized

normalized

normalized | normalized | normalized

spectrum eriticality | conversion | breeding pover value - fraction
for the factor ratio of ratio of fraction of 0o/%¢ of fissions
few=group keff the core the assem= | of the of fissile in fertile

constants bly core material material
in the core | in the core

¢ 04999Lk4 0.99958 1.00001 1,00006 0,99896 1,00051

ot 1,00265 0.82101 0.88898 0.,93208 1.20771 1,69308

%o 1,00245 0.9958 0,97470 1,00105 0,99630 0,9980k

Table 1: Results of 5 group calculations normalized to 26 group results




weighting function | number | neutron | 8 /%

of the fewegroup of feww | life= B=effective central reactivity worth of

cross-sections groups | time fraction
case | for caleulating 2 of delayed Al o] Fe Mo Ni ue35 y238

+ neutrons

) ¢ 6L
a | ¢ ¢ 5 0.9445T7 | 1.,06655 0.72827| 0.62102 | 0,59319 | 0.96927 | 0.8976T | 1,05405] 0.95045
b | ¢ oF | o 5 1.31657 | 0.8251%  |=1.11220| 0.18263 | 3.77791 | 1.h0423 | 3,75433 | 0.75670|=0,08161
e le¢% | oTo | o%0 | 5 0.99473 [ 0.988986 | 0.97618| 0.97907 | 0.,992k2 | 0,98418 | 0,98575 | 0.98523| 0.98657
a | ot | o0 | s 0.99597 | 0.99270 | 0.98666| 0.9877h | 0.99982 | 0.99232 | 0.99583 | 0.99459| 0,99350
e 19 ¢ 5 0.,98625 | 1.021k5 1,03345| 1.01493 | 0,95948 | 1,00119 | 0,98440 | 1,0161k4] 1,00155
f ¢ ¢ ¢ 1 097277 | 1.02587 0.94936| 0.99867 | 0,9893k | 0,99916 | 0,93495 | 1,00676| 1.01218
Lg le¢*e | ¢* | o% | 11 0,99928 | 0.99898 | 0.99315| 0,99297 | 0,99372 | 0.99533 | 0.99549 |0,99600| 0,99583 |

Table 2: Results of the few-group perturbation calculations normalized to the 26=group results



The column "weighting function of the fevegroup crosse
sections for calculating” ¢, ¢+, 8Z respectively, means that e.g.
in case 4 the flux is determined by a S=group diffusion caleulation
using flux-weighted group cross—gections, the adjoint flux by a
S=group diffusion calculation using adjoint fluxeweighted group
cross=gsections and the perturbation crossesections by a group=
collapsing method using normal flux and adjoint flux weighting
(bilinear weighting).

The results of table 2 support the following indications:

2a) The best results for the perturbation calculations
are obtained, as one could expect, for case d of table 2, i.e,
using flux and adjoint flux weighted constants for the few group
flux and adjoint flux caleculations, respectively, and bilinear

4

weighting for the few group perturbation cress-sections,

_ 2b) One gets somewhat less accurate but still quite sa=
tisfﬁctory results if one uses the bilinear weighted group con=
stants for all calculations, i.e. determining few group flux, ade
joint flux and perturbation cross=sections, as done in case ¢ of
table 2, This is mainly caused by an improvement of the few group
adjoint flux by this pfocedure compared to the usual flux weighting
of case a which yields considerable errors in the adjoint flux
energy distribution, especially in the importance differences
(¢;—¢g) in the low-energy region., These errors are responsible for
the discrepancies in the material worth of scattering materials.
Although the method used in case ¢ gives reasonable results for
perturbation calculations one should be aware of the fact that the
reaction rates of table 1 are more in error with this method than
with normal flux weighting.

2¢) Only for those materials for which capture and/or
fission events are the dominant ones, the msterial reactivity worth
can be determined with reasonable accuracy by few group calculations .
using the usual flux weighted group constants.,



In addition to the S=group caleculations we have performed
two 1l=group calculations as indicated in the lower part of table 2,
teking the following distribution of the 26 groups within the 11 cone=
densed groups as often used by P, Engelmann (Z).

new group I II III IV V VI VII VIII IX X XI

groups of
the 26 1w2 3=l 526 T=8 9 10 11=12 13«1k 15=16 1T=19 20«26
g roup set

3a) It can be seen that increasing the number of few groups
the discrepancies between case a) and f) of table 2 are remarkably
reduced, but it seems that there exists a systematic tendency for the
few=group calculations to underpredict the neutron lifetime,

3b) Case ¢ and especially case g of table 2 show that
taking the bilinear weighted cross=sections for few group flux and
adjoint flux calculations as well as for the determinations of the
perturbation group constants one can obtain reasonably accurate pexrw
turbation results with minimel additional effort, i.e. with only
small changes in the group collapsing progrem and only one diffusion
celculation,



Conclusions

Almost all presently available group sets with a number
of groups of sbout 50 or less have been established by the ususl
flux weighting method., Besides the results concerning the adequate
group collapsing procedure this work gives an indication that for
use in perturbation calculations the normal flux weighting may
lead to systematic deviations in the results obtained, At least,
this may be one of the reasons why the values of the neutron life=
time and of the reactivity worths of scattering materials and perhaps
also of B10 calculated with these group sets do not agree satisface
tory with the measured values. Table 2 shows that the usual method
yields a systematic underprediction of the calculated neutron lifee
time, a fact observed many times in comparing theoretical with exw
perimental values., Therefore, it seems necessary to establish three
different kinds of group sets: one for the calculation of the normal
flux and reaction rates, one for the calculation of the adjoint flux,
and a third one for the calculation of perturbation crossesections,
In establishing these different sets one has to consider carefully
the question of resonance self=-shielding which will be different for
the normal and the adjoint flux, e.g. in a pure or predominantly

fission rescnance,

It would be very interesting to compare the perturbation
results obtained with the laborious method outlined above with the
corresponding ones obtained by the ususl method for establishing
group sets., Unless one does not know the magnitude of the error ine
troduced by using the approximate calculational scheme as is pre=
gsently done, one has to be very careful in the interpretation of
differences in neutron lifetime or material worths between theory
and experiment and between different theoretical results which are

produced by different group sets.

It must be kept in mind, however, thet the most times une
adequate treatment of the averaged group constants for the calculation
of the adjoint flux and for perturbation calculations is,of course,
only one possible reason for a disagreement between the theoretical



and experimental velues of the quantities mentioned above, others
being e.g. the influence of sample size, heterogeneity effects,
and mutual interaction between the sample and the surrounding zone.
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