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for neutrons reaching the detector turns out to be ~6.5. 
The additional scattering events have the effect of com­
pensating for the variation in the lead cross section. 

In summary, the effect of lead shields up to 5 cm thick 
has been shown to be small in typical neutron spectrum 
measurements performed with proton recoil proportional 
counters. Note that the possible bias of thicker shields, 
such as the B.g-cm-thick shield used by Batchelor and 
Hyder,6 remains to be determined and that there are 
possible geometric effects yet to be resolved. It should 
also be kept in mind that an elastic scattering event in 
lead degrades the neutron energy by ~ 1 %. A hardening 
correction, Le., a shift in the energy axis, is therefore 
necessary even for relatively thin shields. This correction 
mayor may not be significant depending on the nature of 
the experiment. 
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Comment on "Influence of Deep Minima .,n 

Multigroup Cross·Section Generation" 

Although the author of a recent technical note1 addressed 
the problem of defining a weighting spectrum for the cross 
section and successfully demonstrated the sensitivity of the 
results to the buckling (B2) used, he did not address the 
basic problem that the actual group-averaged cross section 
is a spatially dependent quantity. 

The spatial variation in group-averaged cross sections 
has been experimentally shown to be significant. 2

,3 It has 
been demonstrated that the cross-section probability-table 
method can be used to calculationally reproduce the 
experimentally observed spatial variations.4 It was further 
demonstrated5 that the cross - section probability- table 
method can be used in conjunction with Case's method6 to 
define an asymptotic spectrum that is identical to that 
obtained by Becker: 
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More important, it has been demonstrated7 that the 
probability-table method reproduces not only the asymptotic 
spectrum for deep penetration but also the transient spec­
trum for shallow penetration. The combination of asymp­
totic and transient spectra leads to spatially dependent 
cross sections that can result in large differences in 
reaction rate or fluxs when compared to the normal multi­
group calculations. 

In terms of neutron transport, the above spectrum 
can be considered a generalization of Bondarenk09 self­
shielding, while in terms of photon transport it is equally 
applicable as a generalization of the method normally used 
to define the Rosseland10 mean. 
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Response to "Comment on 'Influence of Deep Minima on 

Multigroup Cross·Section Generation' " 

CUllen1 has commented that in discussing the influence 
of deep minima on multigroup cross sections,2 we did not 
address the basic problem that the group-averaged cross 
section is a spatially dependent quantity. He also suggested 
that a recently published method3 could be utilized to treat 
the spatial variations. 

It is, of course, true that group-averaged cross sections 
are space dependent in principle. However, an underlying 
assumption behind use of multi group methods is that at 
some level of detail, this space dependence can be ne­
glected. In our own work, we have tried to assess what 
this level is through use of approximate space-dependent 
calculations.4 

Our purpose in Ref. 2 was to demonstrate the kind of 
difficulty that could arise in using standard weighting pro­
cedures with data files of high resolution. Whether spatial 
dependence also is a potential difficulty is likely to depend 
on the nature of the problem. For example, if one is 
dealing with a slowing-down problem (Le., one where 
scattering is predominant and where the sources at energies 
of interest are determined by inscattering) and one en­
counters a narrow deep minimum, it may be reasonable to 
assume that the spatial shape (buckling) characterizing 
energies above the minimum would govern. Under such 
Circumstances, the weighting function is likely to be the 
principal concern and the spatial dependence is likely to be 
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a secondary consideration. On the other hand, where 
absorption is quite important, where the material is heavy 
so that scattering is ineffective, and where the sources are 
primarily at a side at the energies of interest, spatial 
dependence is likely to be more significant. Cullen and his 
colleagues (references given in Ref. 1) appear to have 
emphasized the latter type of situation. 

From a pragmatic viewpoint, one might stipulate that 
there are two types of approximation that can be made­
space-energy separability and choice of a weighting func­
tion. When the first approximation is not valid even over 
small energy ranges, one should indeed resort to special-

ized procedures, such as the one' suggested by Cullen. 
However, there should be a number of situations where the 
assumption of space-energy separability is adequate but 
where the standard procedures for cross -section weighting 
break down. 
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