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ABSTRACT

The backgroundcrosssectionmethod (alsocalledthe
self-shieldingmethod)has been used extensivelyin fast re-
actor analysis. More recentlyit,has also becomeimportant
in thermalpower reactorstudies. This paper reviewscurrent
applicationsof the methodand describeseffortsunderwayat
the Los AlamosScientificLaboratoryto improvethe accuracy
and reliabilityof the approachand to extend its applicabil-
ity to graphitemoderatedsystemsand shieldingproblems.
Improvementsdiscussedincludea method for automatically
accotmtingfor energydependentbucklingthat resolveslong-
●taniingdiscrepanciesin the calculationof iron reflected
criticalsand which promisesto improvedeep-penetrationcal-
culationsin iron,methodsfor treatingintermediateresonance
●ffects, methodsfor treatingdoubleheterogeneityin gas-
cooledreactors~the automaticcalculationof Levinefactars,
improvedtreatinentsof elasttcremoval,and improvementsin
processingcodesand formats.

INTRODUCTION

The backgroundc~oes-sectionmethod (alsocalledthe shieldingfactor
method’andBondarenkolmethod)is an economical,designer-oriented-method
for producingthe space-and-ene:gyaveragedcross eeceionsrequiredfor
reactorcore analysis. In fast reactorcaleulatlons,the codes SPHINX,2
lDX,8 ●nd TDOWN”are ueed extensively.More recently,the background
cross sectionmsthodis becomingimportantin thermalreactoranalysie
becauseof thedevelopmentof EPRI-CELLand EPRI-CPM.S

*
Uorkperformsdunder the ●uspicesof the United Statee Departmentof
!Wergy and the ElectricPowerRceearchInstitute.
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s These codesall use the basic structureshown in Fig. 1. First,an
evaluatednucleardata file such as ENDF/B (Ref.6) is processedinto a
problem-independentlibraryof microscopiccrosssectionsand shieldingpa-
rametersusing a code like NJOY,7 MINX,eor ETOX.9Second,the space-energy
code producesself-shieldedmacroscopiccrosssectionstakingdue account
of compositionand geometry,computesthe flux in the assemblyvs energy
and position,and collapsesthe crosssectionsfor appropriatespace re-
gionsand coarseenergygroups. The
iterationshownallowsfor criticality
searchesor self-consistentshielding ENDF

calculations(seebelow). The final 4
resultis a libraryof macroscopic

I
Process

crosssectionsready to use in a large I
multidimensionalcalculation. 40

{ MICRO
The five codesmentionedabowe

differin the type of flux calcula-
+

tionused (integraltransport,colli- Shield
J

““sionp~obabilitymethod,B1 , ?iffu- +
sion,and ~) and in the approxima- Compute Flux
tionsused in the shieldingcalcula-
tion. This paperwill discussthe 4

latter,showinghow some of the ap- Collaps
proximationscan be improved,there-

1

by extendingthe range of applicabil- +

ity of the codes,and showinghow the MAC~

methodsof the variouscodes can be
mergedinto a more consistentand Fi& 1., Basicstzuctureof
convenientsystem. backgroundmethodcodes.

BACKGROUNDMETHODTHEORY

~ The avaragecross sectionfor group g, materiali, and reactionx is
definedby b

(1)

Since the flux $ is not known,some model fluxmust be assumed. For ex-
●mple,using the narrowresonanceapproximationin a largehomogeneous
syetem,

$(E)-&jy
b

(2)

where S(E) is a smoothfunctionof energyrepresentingthe scattering●nd
fissionsourcesinto E, and tt is the total macroscopiccrosssection.
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., . In evaluatingthe numeratorof Eq. (l), it is assumedthat the im-
portanteffect is the interactionbetweena resonancein ax and the dip
in @ causedby that resonance(hence,self-shielding).The reactionrate
becomes

I

u:(E)
S(E)dE ,

u: + U:(E)

8

(3)

where

. ...’

il
z

i
‘O-T ‘jut “’ (4)

i j*

and where Ni is the numberdensityfor :.a~eriali in themix. It is now
furtherasqumedthat the “backgroundcross section”u~ is constantin the
group. It is this assumptionwhich allowsa problewindependentlibrary
to be constructed;the processingcode simplyevaluatesEq. (3) for a range
of valuesof u .

?
The space-energycode determinesU. and interpolatesfor

thecorrespondng self-shieldedcross section.

It is the use of this singledo parameterthat characterizesthe
backgroundcross sectionmethod. Improvements-tothe methodcan be made
by (1) improvingthe crosssectionsU--(cffi)or (2)makingbetter choices
for 000

As an example
●nergy“windows.”

au

THE BUCKLINGITERATION

of the secondapproach,considerthe problemof the iron
As shown in Fig. 2, the flux predictedby Eq. (2)be-

comssvery largewhen the iron crosssectionbecomessmall. This high flux
weightsthe small cross sectionheavily,leadingto a relativelysmall
groupcrosssection. However,in practice,the flux cannotbecomeso large
becausethe long meun-free-pathallowsmany neutronsto escape “out the
window,”and the appropriategroup-averagedcrosssectionia somewhat
largerthan that predictedby the simplemethod.

To ●nalyze thin effectfurther,considerthe fluxpredictedby the B.
●nd narrowresonancaapproximations

#

(5)

Whan B<<Z , this reducesto Eq. (2) (i.e.,the largesystem). However,
.v@nwhentthecross sectiongoes to zero,Eq. (5) givesa finitelimit
(seeFis. 2), A rationalapproximationto this resultia
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ME) =
s(E)

Zt(E)+% “

This allowsthe standardcrosssectionlibraryto be usedwith

(6)

(7)

In many problems,B can dependon both energyand position
10

and can-
not be simplyestimatedfrom the size of the system. The solutionis to
use the flux calculationin the space-energycode to computeB from the
calculatedflux and leakage. The iterationpath is thenused to reshield
thecrosssectionsfor the new %, computea new flux,and continueto
convergence.This procedurehas”beentestedin
theorywith

.-8a m. . # t

I/lgl
Lz -

B=
Zg ‘Zg’$zgvz“

the lDX code using diffusion

(8)

where Lzg is the leakagerate from zone z and groupg, ‘.’2is the volumeof
the zone,and Dzg is a specialdiffusioncoefficientckc;ento reproduce
the buckling-theorycurrent(it reducesto l/3Ztr for ~mallB/Zt).

The successof the B-iterationin accountingfor t}.e“window’Lstream-
ing is illustratedby an analysisof ~tteiron-reflectea:riticalassembly
ZPR3-54. Criticalitypredictionsfor ~itis assemblyhav: been consistently
severalpercentlow with ENDF/B-IV:a standardlDX anal:sisgives0.9532.
With the-B-iteration,keff inc~easesto 1.014.

BLASTICSCATTERING

The existfngbackgroundmethod codesare weak in theirtreatmentof
elasticscattering. As an illustration,the elasticre~>valdifferences
betweenIDX and MC2-2 (Ref.11? for a simplehomogeneou~problemlead to a
differencein k of 0.009. These differenceshave two s:urces:removalself-
shieldin8and coarse-fluxcorrection.

FollowingBondarenko,the fast reactorcodes assur.>that the shield-
,,,,, ing factor for removalis the same as that for the elasticcross s!:tlon.
>, * Table 1 shows~ome actualremovalshieldingfactorscomuted b; RJ ~; the

etandard approximationis clearlydeficient, The thermalcodeseither
nee” :t elasticself-shieldingentirelyor uee the potentialcrosseection
ae ●t.approximationto the fullyshieldedcrosssection. Futurebackground
methodcodes and formateehouldallow for the use of shieldedgroup-to- “
&roup transfexcroessectionssuch ae thoseproducedbyNJOY.

,, .,
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“Fig.2. Flux approximationsin a crosssection“window”

of iron. The solidcurveis the scatteringcrosssectiori,the
dashedcurve is the infinitemedium flux,and the dottedcurve
If the fluxwith BO approximationleakage,

Table 1. Comparisonof ShieldingFactors
for ElasticRemoval(FR)with Factors
for the ElasticCross Section(FE)

Energy
Range

iron
FE FR

U-238
r— FR

111-143keV @.835 0,994
86,5-131 0.983 0.895
67.4-86.5 0.734 1.158
S2.5-67.4 0,987 0.918
40.9-52,5 0.997 0.981
31.8-40.9 0.977 0.850
24.5-31.8 0.576 1.782

167-275eV 0,247’ 1,121
101-167 0,223 0,036
61.4-101 0,275 1,078
37.3-61.4 0.884 0.376
22,6-37,3 0,08S 0,948
13,7-22.6 0,179 1.095
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,. The secondsourceof error arisesfrom the differencebetweentheL.*
actualvariationof the fluxacrossthe groupand the variationassumed
by the processingcode. It is conventionalto use S(E) = l/E in the reso-
nance range. However,in a fast reactor,a functionlike E or E2 would be
more typicalbelow 1 keV. Sincemost of the removalcomes from the bottom
of the group for all but the lightestisotopes,the removalrate using the
I/E-weightedcrosssectionwill be too largein this energy range.

This problemwould be less severeif a better initialguess for S(E)
were used. However,S(E) varies from problemto problem,so many different
crosssectionlibrarieswould be required. The problemcan also be miti-
gatedby using finerenergygroups. Tinischoicehas the disadvanta~esof
librarybulk and increasedcomputationtime. For thesereasons,the exist-
ing fast reactorbackgroundmethodcodesattemptto correctthe removal
crosssectionusing informationabout the flux in the adjacentgroups.
Since the flux dependson the removalcrosssection,an iterationis re-
quiredto obtainthe correction.

. .‘.-, ‘. * A’num6erof differentmethodsof making the correctionhave been used.
The originallDX code uses IJr= @e and uses linearinterpolationon the
removalrate ~Ue@ to estimatethe fluxnear the bottom of the group. This
methodneglectedthe effectsof resonancesand the iterationsometimes
diverged. See the thirdcolumnof Table 2. Later, co::.putedremovalcross
sectionsfromMINX becameavailable(column4 of Table 2). They can be
correctedby interpolatingon the totalcollisionrate !E$ which shouldbe
a smoothfunctionof energyfor narrowresonances. The resultsare in
column5. Furtherrefinementsin the methodare being explored;however,
the problemillustratedin Table 2 will ultimatelyrequiremore groupsto
reducethe size of the correctionand give smootherdata for interpolation.

WIDE AND INTERMEDIATERESONANCES

For thermalreactors,the narrowresonanceapproximationis no longer
accurateenoughbelow 200-300eV. In the methodorginallydevelopedfor
WIMS,12Eq. (2) is solvedln detail for an infinitehomogeneousmixtureof
the heavy fuel (of)with vary-.:~gamountsof hydrogen(~:n)usinga
energyor super-fine-groupintegraltransportcode such as RABBLEy%s
detailedflux can thenbe used to computeeffectivemu:tigroupcross sec-
tionsvs u. = NmUm/Nf.

v
The NJOY code uses a simplervariationof this approach.

tropicscatteringin the center-of-massframe,Eq. (2) can be

,.,. ,.,. E/am E/af ~

J ‘o J sf(E’)
-’ [Uf(E)+Uo]4J(E)= (l-am)E$

~(E’)dE’+ (l-af )E’
E E

For iso-
written

@(E)dE’, (9)

,\ t- ,, , ,,3.;
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wherea is the maximumfractionalenergychangein scattering,and of is
the fuel scatteringcrosssection. In an asymptoticthermalsystem,it is
a good approximationto use $(E’) = I/E’ in the first integral,givingthe
result IYo/Eindependentof moderatormass. The solutionto Eq. (9) then
dependson the singleparameterUO as requiredfor the backgroundcross
sectionmethod.

Since this approximationto Eq. (9) only requiresdata over a limited
energyrange above each E, it is practicalto solve it by iterationusing
detailedpointwisecrosssections. The solutionproceedsfrom low energy
to high. Above some specifiedcutoffenergy,the narrowresonanceresult
is used. Table 3 comparescross sectionsobtainedwith the flux computed
in thisway with cross sectionscomputedwith the narrowresonanceapprox-
imationflux. Differencesas largeas 25% such as thoseseen here can have
an importanteffectin a thermalsystem.

HETEROGENEITY
.“-.;,, * ..

In order to treat the heterogeneousconfigurationsused in ac ual!b
reactorcores,use is made of the well-knownequivalencerelations be-
tweenheterogeneousand homogeneoussystems. The theoryis usuallydevel-
oped for an infinitelatticeof two regions(fueland moderator). Assuming
that the resonancesin the fuel are narrowand ~solated,that the moderator
is a pure scatterer,that the flux is spatiallyflat and recoversto l/E
oetweenresonancesin both regions,and that the fuel escapeprobability
can .e representedby the rationalexpression

(lo)

it is found that the heterog-,neoussystemis .q ivalentto a homogeneous
mixture of the fuel and moderatorwith t;- modsratorcrosssectionchanged

Thus, the backgroundmethodcrosb sec.ionscan be used with:? :e~ ,Nf,
0 e

Althoughthe assumptionsmade in obtainingthis resultare reasonable
for calculatingresonmce absorptionin water moderatedreactors,they are
certainlyweak in other energyrangea&nd for faster~ystems. Some of
theserestrictionscan be loosenedby furtheranalysis. Nevertheleaa,CYo
~a the only parameteravailableto the backgroundmethod,and the validity
of the equivalencerelationsmust be assumed. In the end, they are checked
.agafnstmore detailedcalculations(e.g.,Monte-Carlo)and appropriatepa-
rametersare adjustedif necessary. Two such parametersare the Levine

,..,,
* geometryfactorand the effectivecross sectionused in computingthe

,Dancoffcorrectionfor interferencebetweenthe fuel regions, Methodsfor
obtainingimprovedestimatesfor such factorsmuet be developed(espec~#ly
for ,fastreactors)allowingfor complexitiessuch as multipleregions,
non-asymptoticflux~and overlappingrescmnces.

“!.,. ,s,,, ?, .,



Table.2. Comparisonof SeveralApproximate
ElasticRemovalCalculationswith MC2-2
Resultsfor Iron in a Fast ReactorMix

Upper MC*-2 Original Collision
Energy Value lDX Uncorrected Rate
Bound (b) (AZ) (AZ) (A%)

67.4keV
40.9
24.8
15.0
9.12
5.53
3*35
.2.03
1.23

749 eV
454
275
167
101

0.1802
0.3968
0.2114
0.1284
0.3872
0.3877
0.2089
1.3256
0.5950
0.5536
0.5195
0.6279
0.5389
0.3042

71.7
5.6

248.3
16.1
19.3
25.5
17.1

●“1O.3
- 3.5
0.2
0.3

-16.3
5.1
76.1

-30,3
15.3
-63.4
13.9
15.1
5,3
45*9
-29.3
3.2
9.6
18.0
12.1
49*9
167.4

- 4.8
5.5
0.7
12.4
9.2
9,4
29,4
-31,7
- 4,1
- 2,2
- 1.9
-0.5
5,3
76.6

.

.’
-

Table 3. Comparisonof Cross Sections
Using ComputedFlux to Narrow
Resonance(NR)Cross Sections
for 238U at 100 b Background

Energy “ Computed NR
Range Ab&orption Absorption

4-9.88 eV 11075b 11.78b
● 9.88-15.97 0.4518 0.4509

15.97-27,7 8.614 7.729
27.7-48.1 6.012 4,713
48.1-75.5 2.796 2.285
75.5-149 3.178 2,737
149-367 1,955 1,760

I ,,, I ,,.



* Table 4. ResolvedResonanceAbsorption(4-17.6eV)
in 232Th for an HTGR Design

Temperature MICROX lDX
00 (Nordheim) (background)

300 6.76b 6.72b
800 8.12 8.03
1200 8.78 8,65

As an example,considerreactorswhere graphitecoatedfuel grains
are assembledintol~uelrods. This results,ina “doubleheterogeneity”,
It has been shown, that the additionalcontributionof the grain self-

* shieldingcaa be allowedfor usinga modifiedLevinefactorin the standard
backgroundcrosssectionmethod. The modificationdependson the size of
the grainsand on the Dancofffactorfor grain-to-graininterference.Com-
parisonof the resultof the backgroundmethod calculationsusin a modi-
fiedversionof lDX with GeneralAtomicresultsusing the MICROXF7 code
(Nordheimmethod)in Table4 showsgood agreement.

CODESAND FORMATS

The backgroundmethodcodessharethe self-shieldingmethodology,and
thusrequiresimilarnucleardata. To lessenthe confusionassociated
withmany differentlibrariesand to add new data typesneededfor code
improvements(e.g.,elasticmatrixself-shielding),Los .41amosand Oak
Ridgeare developinga new flexibleand comprehensiveinterfacecalled
MATXS. It is hoped that thisnew interfacefile, togetherwith recentad-
vances in the theorysuchas thosediscussedhere,will providethe nu-
cleusfor a new backgroundmethodcode suitablefor fastreactor,thermal
reactor, shielding,and fusionapplications.
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