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ABSTRACT

The background cross section method is evaluated for appli-
cations in shiclding analysis. It is shown that approximatious
used ‘n the standard method are inadequate for deep penctration
in nearly pure materials and for problems in which elastic re-
moval is important. Three improvements are prcposed and tested:
buckling iteration to lmprove leakage calculations, improved
elastic removal iteration, and explicit sclf-shielding of all
elements and Legeundre orders of the elastic matrix.

INTRODUCTION

The Los Alamos Scizantific l.aboratory is engaged In the development
of the background cross section methodl as a gencral purposec approach to
the generation of grouy constants {or nuclear analysis. As part of this
development propram, a systematic cffort is being devoted to the identi-
fication of limitations to the statc of the art in the use of this methed,
and to the forrulation of testing of procecdures to deal with these limita-
tions. This paper will concentrate on procedures of importance to shieid-
ing, although the overall program is also concerned with fast and thermal
reactor analysis,

There are snme characteristics of shielding problems which make
them particularly sensitive to -ome of the assumptions previously uti-
lized in the buckpiround crcss .cction method., First, the ueced to deal
with penctration of ncarly pur: materials -- steel, sodium, cte. -- re-
sults in situations where back iround cross scctions are &mall. 1In such
cases, the weighting spectrum becomes more eccmplex and may even hecome
poeition depeudent. Secend, shielding problems are relatively more sen-
sitive to resonance scnttering than reactor corc problems. Accurate
Belf-ghielded removal cross scctions must be obtained even in the pre-
sence of uvon-asymptotic fluxes. Third, deep penctration and streaming
make rhielding problems seuritive to anisotropic scattering. Due carce
must be tcken to represent the anlsotropy of the weighting fluex.
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Thus, it is quite possible for practices which Enve bcen acceptable
in other areas (e.g,, fast reactor critical analysis ) to fail in shield-
ing applications. 1In this paper, we shall identify how some prcsently
used versions of the background cross =esction method can lead to diffi-
culty in ..1ielding applications, and we shall indicate how new proce-
durea can remove these difficulties.

THE BACKGROUND CROSS SECTION METHOD

This section will review brieflv the logic behind the background
cross section methcd. Consider the definition of the average cross sec-
tion for group g, material 1, and rcaction type x:
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In the backpround cross section method as usually applied, the weight-
ing flux has been assumed to be of the form

o(u) = ) Y (u)

- (2)
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where Y (u) is a smooth function of lethargy u (e.g., constant or fission

spectrum) and It is the macroscopic total cross section. This is a smooth
collision density assumption and is consistent with the narrow-resonance
approximation. It is further assumed that the sum of the total cross
section of the other materials can be replaced by an effective background
crosy secticn so that Eq. (2) becomes

$(u) = s . (3)
Ni Uti u)+00

Eq. (1) is evaluated at several temperatures for several specific values
(from very rnall to very large) of Tg Sclf shiclding factors are then
defined by
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where the denominatar fs called the jufinite dilution cross section. The
analyst wnay determine the f-factor for any particular set of og ard T
values by futerpoiating amonp the precaleunlated vatues. Thia procedure
{s the banis for a number of compu'er codes, Including KTOX,J) ENDRUN,4
and MINX,5 .



These processing codes are couglcd to a numter of spacc-energy col-
lapse codes, including 11:%.0 TpNwN, /! and SPHINY, These codes compute
the og,s from mixturc data and equivalence principles. interpolate feor
f-factors, compute a flux spectrum, and collapse to a sudset proup struc-
ture. The result is a sct of miacroscopic space-and-cnergy self-shielded
group constants for subsc.quent calculations.

CROSS SECTION NINIMA AND LLAKAGE

‘When dilution is small and a deep cross section min:mum is encoun-
tered, Lq. (3) predicts a very large flux., This high flux weiphts the
low cross secticn very heavily, lcading to & relativel: small group
cross scection. llowever, in practice, the flux cannot hecome so larpe
because the lorg mean-free-path allows many neutrons to escape ''out the
window," and the appropriate cross section is somewhat larger than that
predicted by the usual method.

To analyzc this effect further, consider the flux predicted by the
approximation:

o(u) = 9’%‘)— tan”] <2 (5)
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When the buckling B is small, this reduces to the standard form ¢! Eq.
(2) fi.c., the standard method applied in "large” systems). lowcever,
wher. the cross section gpoes to zero, Eq. (5) gives a finite limit, and
rcasonable cross rections are obtained. This effect is [llustraited in
Fig. 1.
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Fip. 1. Tffect of "window'" on weighting flux
for {ron; solf{d curve s flux with standard hacliprouad
asrumption, dotted curve te buckled flux,



A rational approximation to this result is obtained Ly using

o) = wa) 7n
Nylo, fudbog+ R (6)

This formulation allows all of the features of the standard method to he
used with an effective buckground cross section given b

eff 28
9 =9 * Nno M

The problem in shielding applications, vhere asvsmptetic situations
dc not exist, is the cvaluation of the appropriate,B vilue to use in Fe.
(7) when B can depend on hoth energy and poritioen, The solution is to
use the flux calculator in the spacc-encrpy collapse code to compute B
from the calculated flux and leakage. The cross sections are then re-
shielded using the new values of o, and a new flux calculation is made.
The iteration is continucd to converpence. This procedure has heen im-
plemcnted in the 1DX code using diffusion throry with
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' (8)
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vhere Lg 18 the lcakage rate from _zone = and proup g, and V_ is the vol-
ume of “the zonme. Furthermore, "P s the diffusfon coefficfent piven by
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where L = is the P scattering cross scction [Eq. (9) reduces to the con-

ventlonnl 173 for small B/¥). Group and zonc¢ indices have been sup-
presscd for clBFity.

(9

The succens of the B-iteratlon in accounting for "window" strearing
has been illustrated drawatically by an anaiv:ils of the lron-reflected
ZPRA-54.% Critlcality prudictions for this assembly have bevn consis-
tently sceveral sercent low with ENHF/B-1V; a standard 1DY analysts pives
0.9532. With the B-itvration, b ¢ increases to 1.014 (both results {u-
clude a net crorrectlion of + ,021 for heteropencity, dimeuslionality, and
transport). The improverent in b . tmplics that the leakape throuph
the reflector is predicted better [or shielding purposes. The IDX total
leakage with and without li-iteration are compared in Fip. 2. AR expected

*This unnEEFly i1s wsced throuphout this paper as a shiclding problem.
The core can be considered to be a source for leakape throupgh the
"shicld" (reflector); keyg prevides an Intepral measure of how well
diffcrent methods represent thin leakage.
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Fip. 2. Total lcakage throuph reflector of 2PR3-54
with (s011d) and without (dashc ') bucklinp iteration.

leakape through the "shiiela™ {s significantly reduced in the groups con-
taining importart resonance minima.

ELASTIC RFMOVAL ITERATION

Froper calculation of elastic removal can be particuiarly important
in shielding applicaticas, Shieldinp calculations frequently involve
interiediate rass materials such as iron and sodium for which Inclascic
ecatterinpg is a less {nfluential slowlny down mechanism than for the
heavy materfals fourd [n rcactor cores. 1In addition, such materials
(i.e., iron) can have substantial resonance structure in their cross
scctions.

Formally, the elastic scattering matrix is given by

u
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where 0, 18 the clastic scattering cross section, p,(u+u') 1s a lependre

component of the prebability of scattering from u to u', and Ol is a
Lependre corponcut of the weighting flux.

In the standard backpround cross scction method, the removal {rom
g 18 approxirated by multiplyingy the wreoup etastic cross section by the
logarithmic¢ »rerpy decvemenmt foand the flux wear the bottom of 118 rroup

a6 cestimated usiep the adlacent proup:=. 1t has becen pointed out thot
this vather crude approach neglects consfderation of the Yocation of



resonances within a group. The approach taken in recent cross section
librariesll has been to evaluate Eq. (10) directly, It still remains to
correct Zor the actual flux at the bottom of the grovp which may be
quite different from the model flux ¢ used in Eq. (10), especially in
non-gsymptotic shielding problems. Two avenues of improvement have been
explored. One 1is to incvease the order of the interpolation on the flux.
The other is to retain lirear interpolation but to interpolate on a
smoother function, the collision density. A combination of the two ap-
proaches 1is also possible. Table l gives comparative results.

Table 1. Flastic Removal Correction Factors
for Yron in the Reflecrtor of ZPR3-54 for Three
Vifferznt Methods of Removal Iteration.

Energy Dourds Standard Hiy Ovder Reaction Rate

(keV) Method Interpoistion Interpolation
183.2-142.6 .513 I9v 1,031
142.6-111,1 1.371 .983 1,093
111.1-86.52 747 .988 1.010
86.52-67.38 2.561 .982 1.116
67.38-52,48 .758 977 1.017
52.48-40,87 1.102 .962 964
40,87-31,83 1.122 1.000 1.153
31.83-24,79 11.414 <996 1.167
24,79-1931 .958 «955 1.001

keff 0.93221 0.92345 0.92518

It may be observed the kef¢ (and thus leakage thiough the "shield")
is very sersitive to the removal adjustment., lurther in some instances,
the standard methnd led to very large modificaticons. Actual divergence
wae observed in a few cases. Th: improved interpolation procedures have
led, in general, to hetter conve -gence bchavior and more reasonable
cross sections.

EYASTIC SELF-SHIFLDING ALD ANISOTROPY

The effects of self-shieclding and the anisotropy explicitly repre-
sented by "?" in Eq. (10) remain to be considered. In the standard in-
carnations of the background cross scction method, the f-ivactor for the
clastic scatteriny cross section for group g is used for all other groups
h (normally only W + 1) and all Lependre orders .. Considering that to-
tal scattering depends on the entire sroup cnergy range to some degree
while removel depeunds mostly on the bottom of the group, this approxi-
mation 1s suspect. Yor this reason, the new Nioyl2 processing code in-
cludes the ability to compute scif-shielding factors for all clements of

the elastic matrix. Some representative cxamples are given in Table 2.

Jt has been noted that deep penctration and streaming make shielding
problems sensitive to anisotropi« scactering. Concern about the use of
the same i-factors for all orders of anisotropy is based on the notion
that weiphting spectra tend to behiuve as



Table 2. F-factors for Flastic Scattering in
Iron for a 50-Group Structure (T=300 K, O, = .1 barn).

0
Energy Bounds P0 P0 P1 .
(keV) Total Removal Total
235.2-182.5 .613 482 <315
182.5-142.6 .635 .355 .383
142.6~111.1 <481 612 .250
111.1-86.52 <929 .640 <930
86.52-67.38 <396 1,153 .202
67.38-52.48 <936 .665 .877
1

0,_ (e 4 (11)

[Zt(")] 2+1

Table 2 also illustrates this effect.
CONCLUSION

We have identified three improvements to the background cross sec-
tion methoa *thich premise to make it more gunerally applicable to shield-
ing problems: buckling iteration, improved removnl iteraticn, and im-
proved clastic matrix seli-shiclding. These improvements, and others,
are being included in a new space-cnergy cross section code basad on
transport theory under developrient at tie Los Alamos Sciertific Labor-
atory.
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