LA-UR-77-372

3

(b(. YA\—.“-’ !/.7<11'/(‘} - ’/C."

TITLE: THE BACKGROUND CROSS SECTION APPROACH TO GENFRATING

GROUP CONSTANTS FOR SHIELDING CALCULATIONS

AUTHOR(S): R. E. MacFarlane and R. B. Kidman

Theoretical Division
Los Alamos Scientific Laboratory
and
Martin Becker
Renscelaer Polytechinic Institute
SUBMITTED TO:

FIFTH INTERNATIONAL CONFERENCE ON
RFACTOR SHIELDING

Knoxville, Tennessee
April 18-22,1977

NOTICE ————

. 13
el 4t a0 esueunt ol et
et i I;'!::::l Satey Loovesnment “cithet

the Unilul Srales
\hey  cmphkivers oo anv
b ontraddoge ol

rew o1 mphed, ot
Ny iy T the a1 Ura . pl(ene s

farmaton, ARparats, prstusd ot

" n f
ol uselulnem ol any 0 1n that s use weukd Rl

movens diwlowed of represch
u:lnn:f privately owned nghts

By acceptance of this article for publication, the
publisher recognizes the Government’s (license) rights
In any copyright and the Government and its authorized
representatives have unrestricted right to reproduce in
whole or in part said article under any copyright
secured by tha publisher.

The Los Alamoe Scientific Laboratory requests that the
publisher Identify this article as work performed under
the auspices of the USERDA.

los alamos \
sclentific laboratory
of the University of California
LOS ALAMOS, NEW MEXICO 87645
An Affirmotive Action/Equal Opportunity Employer it .+ - P TR |

Form No. RI6
St N, 2619
176

UNTTED STATES
ENERGY RESEARCH AND
DEVELOPMENT ADMINISTRATION
CONTRACT W-7405-ENG. 16



About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


THE BACKGROLTID CFNSS SECTION APPROACH TO GENERATING
GPOLP CONSTANTS TOR SHILLDING CALCULATIONS *

R. E. MacFarlane and R. B, Kidman
Theoretical Division
Los Alamos Scientific "aboratory, University of Califormia
Los Alamos, New Mexico 87545
' and
Martin Becker
Department of Nuclear Lngineering
Rensselaer Polytechnic Institute
Troy, New York 12181

ABSTRACT

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

INTRODUCTION

The Los Alamos Sciantifie Laboratory is engaged in the development
of the background cross section methodl as a general purpose approach to
the peneration of grour constants {or nuclear analysis. As part of this
development program, a systematic cffort i1s being devoted to the identi-
f£ication of limitations to the state of the art in the use of this method,
and to the forrulation of testing of procedures to deal with these limitn-
tions, This paper will concentrate on procedures of importance to shielid-
ing, although the overall program is also concerned with fast and thermal
reactor analysis.

There are some characteristica of shielding problems which make
them particularly rensitive to -ome of the assumptions previously uti-
lized in the background cross .cction method. First, the necd to deal
with penctration of nearly pur: materials -- steel, sodium, cte. =-- re-
sults in situations where back iround cross gsections are small. 1In such
cases, the welghting spectrum becomes more complex and may even bhecome
poeition dependent. Sccond, shiclding problems are relatively more sen~
sitive to resomance scattering than reactor corc problems, Accurate
self-chielded removal cross sections must be obtained even in the pre-
sence of non-asymptotlc fluxes. Third, deep penctration and streaming
make rhiclding problems sensitive to anisotropic scattering. Due care
must be tcken to represent the anisotropy of the weighting flux.
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Thus, it 1is quite possible for practices which have been acceptable
in other areas (e.g., fast reactor critical analysis’) to fail in shield-
ing applications. In this paper, we shall identify how some precsently
used versions of the background cross =mection method can lead to diffi-~
culty in _.ielding applications, and we shall indicate how new proce-
dures can remove these difficulties.

THE BACKGROUND CROSS SECTION METHOD

This eection will review brieflv the logic behind the background
croes section methcd. Consider the definition of the average cross sec-
tion for group g, material 1, and reaction type x:
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In the background cross section method as usually applied, the weight-
ing flux has been assumed to be of the form
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where ¥ (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 crouss
section of the other matcrials can be replaced by an effective background
cross section so that Eq. (2) becomes
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Eq. (1) is evaluated at scveral temperatures for several specific values
(from very small to very large) of 9y Self chielding factors are then
defined by
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where the denominatar in called the infinite dilution cross section. The
analyst may determine the (-factor for any particular set of og and T
values by interpolating amony the preealculated values. Thia procedure
s the banis for a number of compucr codes, including ETOX,J ENDRUN,4
and pMINX,5 .



These processing codes are cougled to a number of spacc-energy col-
lapse codes, including ]h!.ﬁ TDOWN, ' and SPHINX, These codes compute
the og,s from mixture data and equivalence principles, interpolate fer
f-factors, compute a flux spectrum, and collapse to a subset group struc-
ture. The resulr 1s a set of macroscopic space-and-cnergy self-shielded
group constants for subscquent calculations.

CROSS SECTION MINIMA AND LLAKAGE

‘When dilution is small and a deep cross section minimum is encoun-
tered, Iq. (3) predicts a very large flux. This high flux weiphts the
low cross section very heavily, leading to & relativelwv small group
cross scection. However, in practice, the flux cannot become so larpe
because the long 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 analyze this effect further, consider the flux predicted by the
approximation:

$(u) = 9’%‘)— tan~}
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When the buckling B is small, this reduces to the standard form ¢! Eq.
(2) f4.e., the standard method applied in "large” systems). However,
wher. the cross section goes to zero, Eq. (5) gives a finite limit, and
reasonable cross sections are obrtained. This effect is [llustrated in
Fig. 1.
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Fig. 1. Tffect of "window" on weighting flux
for fron; solid curve s flux wvith standard backpround
ascumpt fon, dotted curve 1g buckled flux.



A rational approximation to thls result is obtained by using

Nylo, (udvog+ SR (6)

This formulation allows all of the features of the standard method to bhe
used with an effcctive buckground cross section given by

eff 28
oo = 0, + Nl“ . 7

The problem in shielding applications, vhere asysmptotic situations
dc not exist, {s the evaluation of the appropriate,B value to use in Fe.
(7) when B can depend on bhoth energy and position. The solution s to
use the flux caleulator in the spacc-enerpy collapse code to compute B
from the calculated flux and leakage. The cross sectfons are then re-
shielded using the new values of ¢, and a new flux calculation {s made.
The iteration is continued to converpence. This procedure has heen im-
plemented in the 1DX code using diffusion theory with

B® - ‘_-E___I (8)
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vhere Lg 18 the leakage rate from zone = and group g, and V_ is the vol-
ume of “the zone. Furthermore, D: s the diffusion coefficfent glven by
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wvhere Iki is the P scatterinp cross sectfor [Eq. (9) reduces to the con-
nal

ventio 1/3f  for small R/E). Group and zone Indices have been sup-
pressecd for clBFity.

The succenas of the B-{teration in accounting for "window" strearing
has been 1llustrated dramatically by an anaiysis of the {ron-reflected
ZPRI-54.% Critlcality predictions for this assembly have beun consis-
tently several sercent low with ENDF/B-1V; a standard 1DY analysis pives
0.9532. With the B-fteration, b ¢ Increases to 1.014 (both results fu-
clude a net correctlon of + ,021 for heteropenelty, dimensionality, and
transport). The irprovecent in b, .o Implies that the leakape through
the reflector is predicted better for shieldling purposes,  The IDX total
leakape with and without l-iteration are compared in Fip. 2. Af ¢xpected

"Thie acsembly {s used throuphout this paper as a shiclding problem.
The core can be consfdered to be a source for Jeakape throuph the
"shicld" (reflector); keyg Provides an Intepral measure of how well
different methods represcent this leakage,
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Fip. 2. Total leakape throuph reflector of ZPR3-54
with (solid) and without (dashe .) buckling iteration.

leakape through the "shiela" is significantly reduced in the groups con-
taining Importarnt resonance minima.

ELASTIC RFMOVAL ITERATION

Proper calculation of elastic removal can be particuiarly important
in shiclding applicaticas. Shieldinp calculations frequently involwve
internmediate rass materials such as iron and sodium for which Inelastic
ecattering Is a less influential slowiny down mechanism than for the
heavy materfals fourd I{n rcactor cores. 1In addition, such materials
({.e., iron) can have substantial resonance structure in their cross
scctions.

Formally, the clastic scattering matrix is given by
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fg f " (uwp,( ) )
du du'c_ (up,.uru')e, (u
goh Ju A e WPy 2
che g1 h=1 . (10)
e u
[
f du¢l(u)
Ue-1

where o, I8 the clastic scatterinp cross section, p,(u+u') is a Lependre

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

In the standard backpround cross scctjon rethod, the removal from
£ I8 approximated by multiplying the group elastic cross section by the
logarithric rnerpy decrement © and the flux near rhe bottom of l\S rroup

a6 estimated using the adlacent proups. It has been pointed out that
this rather crude approach neglects consideratior of the location of



resonances within a group. The approach taken in recent cross section
librariesl! has been to evaluate Eq. (10) directly, It still remains to
correct Zor the actual flux at the bottom of the group which may be
quite different from the model flux ¢ used in Eq. (10), especially in
non-asymptotic shielding problems, Two avenues of improvement have been
explored. One i{s to increase 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 is also possible. Table 1 gives comparative results.

Table 1. ¥Flastic Removal Correction Factors
for Tron in the Reflec:or of ZPR3-54 for Three
Vifferznt Methods of Removal Iteration.

Energy Dourds Standard Hiy» Ovder Reaction Rate

(keV) Method Interpointion Interpolation
183,2-142.6 .513 99U 1.021
142.6-111.1 1.37¢ .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 1,132 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 kgff (and thus leakage through the "shield")
is very sensitive to the removal adjustment. Further in some instances,
the standard methnd led to very large modifications. Actual divergence
wae observed in a few cases. Th: improved interpolation procedures have
led, in general, to hetter conve-gence behavior and more reasonable
cross sections.

E1 ASTIC SELF-SHIFLDING AND ANISOTROPY

The effects of self-shielding and the anisotropy explicitly repre-
sented by "%" in Eq. (10) remain to be considered. 1In the standard in-
carnations of the backpround cross scction method, the f-vactor for the
¢lastic scattering cross rsection for group g is used for all other pgroups
h (normally only h + 1) and all lLependre orders !, Considering that to-
tal scattering depends on the entire sroup cnergy range to some depree
while removel depends mostly on the bottom of the group, this approxi-
mation is suspect. For this reason, the new NIOY!Z processing code in-
cludes the ability to compute sclf-shielding factors for all clements of

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

Jt has been noted that deep penetration and streaming make shielding
problems sensitive to anisotropi« scactering. Concern about the use of
the same f-factors for all ordevrs of anisotropy is based on the notion
that welpghting spectra tend to bchave as



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

0
Energy Bounds P0 PO Pl .
(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
02 o« p (11)
+
[Z‘ (u)] 1
“t
Table 2 also illustrates this effect.
CONCLUSION

We have identified three improvements to the background cross sec-
tion method which premise to make it more guenerally applicable to shield-
ing problems: buckling iteration, improved remeoval iteration, and im-
proved clastic matrix seli-shielding. These improvements, and others,
are being included Iin a new space-cnergy cross section code basad on
transport theory under development at the Los Alamos Sciertific Labor-
atory.
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