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TRANSX 2: A Code for Interfacing

MATXS Cross-Sect~on Libraries

to Nuclear ~ansport Codes

by

R. E. Macl’arlanc

ABSTRACT

TRANSX 2.o is a computer code that reads nuclear data from il
libraryin MATXS format-andproducestransporttables compatible
with manydiscrete-ordinates(SN) and diffusionco&s. Tablescan be
producedforneutron,photon,charged-particle,or coupledtransport.
Options includeadjoint tables, mixtures,homogeneousor heteroge-
neous self-shielding, groupcollapse,homogenization,thermalupscat-
ter, promptor steady-statefission,transportcorrections,elastic rc-
movalcorrections,and flexibleresponsefunctionedits. This report
dcscribmversion2.0 of TRANSX,whichwas preparedin Jauuaryof
1992.

I. INTRODUCTION

Discrete-ordinates(SN) transportcodes,whichsolve the Boltzmannequation
for the distribution of neutronsand photonsin nuclear systcms, have rcachcda
high level ( rdevolo’ lent. The early one-dimensionalcodes DTF-IV1 and AN1SN2

3are very widelyused. Thedevelopmentofdifkion acceleration as wellas increas-
ing comrwter speed and capacityhas madedetai)edtransportcalculationsmore

economical; as a result, codes such a ONEDAN@ and TWODANfi arc seeing
increasing use. The toroidalgeometrycapabilityof TRIDEIUT-CTR6and its suc-
cessorTRISM7areveryusefulforfusionreactoranalysis.The DW-3D8diffusion
codeandMonte-CarlocodeswithmultigroupcapabilitylikeMCNP9arealso used
frequently.

Mowever,manyof the usersof transportcodeshavethe same complaint:it is
hardto get good, up-t~date, documentedcross-sectiondataandpreparethvmfor
inputinto thew codes. The difficultiesaremultipliedif thereis anythingunusual
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about the problem, such u fine groups, self-shielding, transport cross sections,

or sophisticatedresponseedits (e.g., heating,damage,or g~~production),This

report describes &utility code called TRANSX (for transport cross-section code)
that workstogether with a generalized cross-section library called MATXS (for

materialcruss-sectionlibrary)to give the transportcode user easier accws to

appropriate nuclear data and some capabilities difficult or impossible to get with

any other systcm.

The versionof TRANSXdcscribcdin this reportcan be used to construct
dataforfusionreactors,fastfissionreactors,thermalfissionreactors,andshic!ding
problems.Its mainweaknessis in computingresonanceeffectsin thermal reactors.

TRANSX was originallydevelopedin the late seventiesto handlecross sec-
tions for fission,fusion,and shieldingapplicationsat Los Alamos. In the early
eighties,extensionsto ilandleheterogcmousself-bhic]dingproblemsforfast rcii(-

torswereadded. In 1984,a versionwithoutthe fast reactorfeatureswas released

= TRANSX-CTR.10 It wasespeciallywell-suitedforproblemsin controlled ther-

monuclear research (CTR) becauseof its ability to preparecoupledtables and
responseedits for heating,damage,gas production,and delayedactivity. Various
later versionshavebeen madeavailablewithoutformalreleaseor complctcdocu-
mentation;forexample,Version1.11 has beenavailableas S11 at LosAlamos,on
the MagneticFusionEnergy(MFE) computersystem at Livermore,and on the

San Diego SuperComputerCentersystem since late 1987. Version1.13, which
includescharged-particlecapabilities,has bren usedextensivelyat Los Alamos.
This gradualaccumulationof changesandncwcapabilities,plusthe needto react
to a new versionof the MATXSformatdevelopedforNJOY91, plus the needfor
a fully documentedcode moreconsistentwith modernQualityAssurance(QA)
req~ircments,has led to the creationof this new version.

Section11of this reportdiscussesthe data nAs of the typicalSrJ codesand
describesthe theoreticalbackground;Section111givesdetailedexamplesof a wide
varietyof problemsthat can be solvedusingTRANSX;SectionIV con:ainsde-
scriptionsof the input andciutputfilesusedby TRANSX,includingthe MATXS
cross-sectionlibrary;SectionV summarizesseveralavailableMATXSlibraries;and
SectionVIgibesa detaileddiscussionof the codeaimedat programmerswhohave
to convert,modify,or maintainthe code. Sevmd appendicesare attachedthat
give the formatspecificationsfor the input and output interfacefilesand partial
listingsof the outputsfromthe sampleproblems.



II. DATA NEEDS OF

The SN Lriinsport codes

TRANSPORT CODES

SOIVCthe equation11

whereone-dimensionalplanegeometryhas beenusedforsimplicity, jAis the scat-
tering cosine, z i~ position, #(p, z) is the angular flux for group g, #1, is the

Legendreflux for groupg, P,,(p) is a Legendrepolynomial,and 5’~(p,z) is the
externaland fissionsourceinto groupg. The cross sections in Eq. (1) must be

definedto make#~ as closeas possibleto the solutionof the Boltzmannequation.
As shownin the refercnce,ll the multigroupBoltzmanneqUatiOnCall h WittCn

in the PNform:

wherethe PNcrosssectionsaregivenby the followinggroupaverages:

and

I af(E) Wt(E)dE
9Ojy = —

1
W4(E)dE

a

(3)

p~ IIdE’ldEu’(E’-E)w’(E”
u~g+ = . (4)

dE’ Wt(E’)

In these formtdas,Ct(E)andot(E’-oE) arethe basicenergy-dependenttotal and
scatteringcrosssections,nndWt(E) is a weightingflux that shouldbe chosento
be as similarto ~ as possible. As will bc seen later, these PN crosasectionsare
availableon the MATXSlibrariesproducedby NJOY.12*130*4’15 WhenEq.(2)
is comparedwith Eq.(1). it is evidentthat the SNequationsrequire

and
SN

Otg.-g
PAf= u@* -

whereO:N is not determined.The choiceof
proximation” and various recipes arc in use.

for9’ # g , (5)

SNU;! + U* * (6)

U;N gives ri* to a “transportap-



A. Iknsport Approximations

It is convenient to write

(7)

and
SN

‘9 = u:)’ - A: . (8)

The termin parenthesescorrectsforthe anisotropyin the total reactionrateterm
of the Iloltzmannequation, and A! can be chosen to minimizethe effects of
truncatingthe Legendreexpansion at f=N. The recipes availablein TRANSX are

aa follow’s:

Wll-Hansen-Sandmeieror extendedtransportapproximatio~:

A! = o~f -~%%@+z”f&’-, *
9’

(9)

(10)

(11)

(12)

and

Inflowtransportapproximation:

The firsttwoapproximationsaremostappropriatewhenthe scatteringorders
above N are small. The inconsistentoption removesmost of the delta-function
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of forward sciittcring introduced by the ~orrection for the iinisotropy in the total

scattering rate and should normally b: morewnvergcntthantheconsistentoption.
For libraries produced with an t-independent flux guess and in the absence of sclf-

shielding, the difference between “consistent”and ‘inconsistent”vanishes.

The diagonal and Ilcll-Hansen-Sandmeier (IIHS) recipes make an attempt to

correct for anisotropyin the scattering matrix and are espccidly effective for

forward-peaked scattering. The IIHS form is most often used, but the diagonal

option can be substituted when IJHSproduces negative values.

The inflow recipe makes the N+l term of the PN expansion vanish, but it
requires a good knowledge of the N+ 1 flux moment from some previous calcula-

tion. Inflow reduces to B}ISfor systems in equilibrium by detail balance (i.e., the

thermal region). The ditTusionapproximation obtained using the inflow formula is
equivalent to a Pi transport solution.

These corrections require data from the (N+l)-th Lcgcndrc moments of the
cross sections to prepare a corrected fV-table set. The user of theTRANSX pro-

gramshouldbe certainthat, in fact, (fV+l) tablesarc availableon the MA’I’XS
file when producingan IV-tabletransport-correctedset. Absenceof the (Aft])
tables is not fatal, but obviouslythe crosssections will not contain the desired
corrections.

B. Fission Source

The sourceof fissionneutronsinto a groupis givel~by

wherecrt9-9#is the fissionmatrixthat is availableon the MATXSfile. However,
most existingtransportcodesdo not use this matrixformbecausethe upscatter
is expensiveto handleand a reasonablyaccuratealternativeexists. Except for
relativelyhigh neutronenergies,the spectrumof fissionneutronsis only wcatily

dependenton initialenergy.Therefore,the fissionsourcecan be writtenas

.5



whereESis the fissionneutronyhdd, ajg is the fissioncross=tiow and Xg i~ the

averagefissionspectrum,whichcan be definedby

x Ujgql’&g’
~g = 9’

z
9

DglUjgl#Qgt
(16)

9’

wherethe fissionneutronproductionratecan also be writtenaa

Clearly,Xgas given by Eq. (16) dependson the fl~x in the system of interest”
The dependenceis weakexcept forhighincidentenergies,and a roughguess for
&~ usuallygives an accuratespectrum.Whenthis is not the case, a sequenceof

calculationscan be made,usingthe fluxfromeachstep to improvethe X9forthe
next step.

The matrixin a MATXSfilerepresentsthe promptpartof fissiononly. Steady-
state (SS)
delayedX.

fissionis obtainedusing two auxiliarypiecesof data: delayedo and
Therefore,

(18)

and

X;s= “ 9’

xx ~jp#’&4Y + E+%’* “
(19)

9 g’ 9’

Forlargegroupstructures,thesquarefissionmatricescanconsumea largepart
of the library.As already noted,the shapeof the fissionspectrumis not strongly
dependenton initial energy. In fact, the shape is in&pendentof energyat low
energies.Therefore,the fissionmatrixcan be split into slowand fast parts,

(20)

Starting with FJJOY91.0, the GROUPRmoduleautomaticallydeterminesthe
energyrangeoverwhichthe fissionspectrumis constant,and it generatesa pr-
oductioncross sectionand normalizedspectrumforthis range.At higherenergies,
it produceaa r~tangularfissionmatrix. The newversionof the MATXSformat
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established for NJOY91 uses a generalizedformatfor transfermatricesthat al-

lows for this decompositionof a matrixinto two ~ectorsand a smallermatrix,
TRANSX 2.0 can then reconstruct the full representation of fission using Eq. (20).

The fissionrepresentationforsomematerialsmayhc dividedinto the dcpitratc
reactions (n, J), (n, n’j), (n,2nJ), and (n, 3nj). Becausethe second-,third-,and
fourth-chancefissionchannelsareon!yopen at highenergies(forexample,above
6 MeV for ‘-U), their correspondingfissionmatricesare alwaysrectangularon
the MATXSlibraryand do not causea space prob!~m.In any case, the prompt
fissionsourceproducedbyTRANSXincludesallof thesepartialmatrices.This full
matrix treatment is important for 14-MeV sourceproblems(for example,fusion-
fissionhybriddesign).

This approach gives TRANSX a very generalandefficientfissionsource capa-
bility. The same library can be usedto computex fora fastor thermalsystcm;in
fact, if regionfluxesare available,x fora given materialcan be differentin each
regionof a problem.

C. ‘Wansport Tables

The data requiredforan SNfluxsolutionusingEq.(1) havebam shownto be

wherethe superscriptSN has been omitted for simplicity. The SN codes also
traditionallyusea particle-balancecross.wction(oftenlooselycalled‘absorption”)
definedby

[21)
#’

Thisquantityis alsocomputedbyTRANSXbyaddingall the absorptionreactions

[(%7), fission,(n,p), (n, a), etc.]andsubtracting(n,2rt), twice(n,3n), andso on.
The two methods are formally equivalent, except that small numerical dif?’erences
due to cross-sectionprocessinglead to unreasonablevaluesfor ~.~, M computed
fromEq. (21), whenUagis smallwith respectto as. Insuchc=, a.g is qdacd
by the value from the direct calculation,and the as position of the transport
table is adjustedaccordingly.Note that tragcan be negativeif moreparticlesarc
producedby (n, zn) reactionsthanareabsorbed.Negativevaluesoccurin coupled
sets as well,as will be .seertbelow.

When the fluxcalculationis complete,it is often necessaryto computesome
responsesuch aA!.eating,radiationdamage,gas production,photonproduction,



or dose to tissue. Therefore, S~ codes allow for rmclingseveralresponse-function

edit crowsections,OEg.

The originalSN codes read ~ as a specialarray,and the crosssectionswere

arrangedirdo“transporttables)’by “position”as shownin Table1. Note that the
positionscontainingscatteringdata give all the sourcegroupsth. t scatter into
the samefinalor “sink”group. Eventhe newercoda retainmanyfeaturesof this
structure,andTIZANSXinput uses terminologybasedon the table.

A transporttable like this is requiredfor each group, Legendreorder,and
material.The tablesmaybe “materialordered”or ‘groupordered”.

Materialorderingis the naturalresultof preparinga libraryfromevahated
nucleardata. The MATXSfilesarematerialordered.The tablesarcwrittenonto
a librarywith the outermost loopbeing material, then Legendreorder, then group

as the inner loop.

However,group ordering is the waythe crosssectionsareneededin the codea.
The SS equationsare solvedby sweepingdownfromgroup1 to the Iovferenergy
groups,so crosssectionsforall materialsandordersareneededforeachgroupin
sequence.The libraryis orderedwithgroupas the outermostloop, then Legendre
order, then material. of course,the SN codes containthe logic to changethe
input libraryfrommaterialto grouporderingif the entirecross-sectionsetwill
fit into the availablememory.If the groupstructureis too largeforthe internal
logic,the grouporderedTRANSXoutputcanbe requested,therebyallowingvery
largegroupstructuresto be usedfartransportcalculations.It maybe notedthat
fusion-relatedtransportcalculations:other than hybridstudiea)do not require
iterationto convergea fissionsource,so theycharacteristicallyemploylargergroup
structuresthan are practicalwith multiplyingsystems. Thus, this group-ordered
option, as well as the adjointoptiondiscuasedbelow,may be of particularvalue
in fusion.

D. Neutron-Photon Coupled Sets

The discrete-ordinatesequationcan be appliedequally well to neutronand
photontransport;it is only necessary to providetheappropriateneutronor photon
crosssectionsfor the transporttables. In both cases, downscatterpredominates
(excludingfission),andtheequationscanbesolvedbysweepingthroughthegroups
fromhighenergyto loweneqgy.

Sincephotonproductionfromneutronreactionsis usuallystrongerthanphoto
neutronproduction,the samedownscatterstructurecan be obtainedby defininga

8



.
Position Contents for Group g

1
...

NED
. . . . . . . . . . . . . . .

NED+l

NED+2
riED+3

● . . . . . . . . . . . . . .
NHI+4

...

NED+NUP+3
. . . . . . . . . . . . . . .
NED+NUP+4
. . . . . . . . . . . . . . .
NED+NUP+5

.

NTABL

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

UEU

. . . . . .

@ag
iigujg

ug
.., ,..

og+

. . . . . .

o#+
.. . . . .

Responseedits

. . . . . . . . . . . . . . . . . . . . . .

Standardedits

. . . . . . . . . . . . . . . . . . . . . .

Upscatter(g’ > g)

. . . . . . . . . . . . . . . . . . . . . .

In-group(~ = g)
. . . . . . . . . . . . . . . . . . . . . .

Cg+ Downscatter(g’ < g)

NED = naroberO(●xtrarespomeedite(NEDzo)
UP = maximaronambexof a~tkr paps Io<NUP~NGROUP)
NTABL = tablelength@ED+4+NUP~NTABL<NED+4+NUP+NGROUP)
NGROUP = namberofenergygroapc
IPTOT = NED+3= poeitionoftotalCraO#eclioa

‘hble 1. Ihmport TableTerminology
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1 N N+

n edits g edits

s:s
~a

zero

G

Figure 1: Arrangementof neutron(n) and photon(g) crosssectionsin
a coupledtransporttablewith no upscatter.

compositegro.p structurewithAlneutrongroupcarrangedasgroups1throughN,
and G photongroups attached as groupsfV+1 throughJV+G.The arrangement
is shownschematicallyin Fig. 1. Photoneutronproductioncouldbe includedwith
fkrion.

A coupledset provid~s the convenienceof solvingboththe neutronandphoton
problemssimuItancousiywitha singletransportcoderun, Becausemorethanone
photon is normally produced by a neutron reaction (i.e., cascades), the particle-
balance absorption edit oe~ will usuallybe largeand negativefor a coupledset.
Specialfeaturesare avah”c in some transportcodes to allow the photon part
of ~ responseto be computedsepai.atelyfromthe neutronpart. As will be seen
later, the GOXSinterfaceformatincludesa parameterLBGto definethe break
point betweenthe neutronand photonpartsof the groupstructure.

E. Charged-Particle Coupled Sets

This versionof TRANSXis capableof producingtransporttables forcharged-
particletransportand coupledsets for morethan two particles. The main dif-
ferencebetweencharged-particlecrowsectionsand neutral-particlecrosssections
occursforel=tic scattering,becausethe Rutherfordcr~ sectionbecomessingu-
ILTas the scatteringangIegoes to zero. In practice,this singularityis screened
out by the electronicstructureof the material.This is no longera strictlynuclear
probkm, and the forwardtransportof chargedparticlesis norrnaliyhandledaa
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a continuous slowing-down calculation usi~~ stopping powers. NJOY constructs

charged-particle elastic matrices that includescatteringto cosinesless than 0,!)6
only (approximately200).

Coupled transport is natural for charged-particle prob!ems. High-energy neu-
trons normallyproducesecondaryprotons, and these protons can produce ad.

ditional smmlary neutrons. The structureof a coupled set for ncutron-proton-

plwtcn transportis shown in Fig. 2. Note that a (p, n) reactionlooks like an
upscatterevent in this type of table. The usermustbc carefulto uscNUJVO,and
the transportcalculationmay run moreslowlybecauseit will haveto use outer
iterations.

F. The Adjoint Problem

Solutionsto theadjointtransportequationareusefulforcalculatingthechange
in the responseof a systemto a smallperturbationnndforcalculatingthe source
that will give a deeiredresponse. Adjointfluxesare being wed moreand more
frequentlyto computethe sensitivityof a responseto changesin the basiccross
sections.

The adpint transportequationcan be obtainedfrom the direct or forward
equationdiscussedaboveby transposingthe scatteringandfissionmatrices.}iow-
ever, this convertsthe downscattcrcalculationinto an upscattercalculation. If
the orderof the groupsis then reversed,the crosssectionscan bc used with the
regulartransportequation;the solutionforthe directionQ is just the adjointflux
fordirection-d numberedbackwards.

The existingSNcodes performthis operationof transpositionand rwrdcring
of the groups,but only if the entirecross-sectiontable fits into core storageat
once. TRANSXcan producean adpint zet in groupordering,therebyallowing
fine-groupadjointsolutionsto be obtained. WhenTRANSXacijointtabkz are
used, the SNcode must be runin forwardmode,and the adpint flux is obtained
fromthe SNfluxsolutiono(g, fi) using

d+(g,fi) = #(N-g+l, -fi) . (22)

G. Self-Shielding

Eq. (1) is a multigroupapproximationto the BoItzmannquation, and the
energy texture is necessarilycoarsewith respect to the resonancestructurein
many materials.Fig. 3 comparesthe pointwiseand groupwiserepresentationsof

11
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Figure 2: Layoutof a coupledtable for the simultaneoustranspmtof
neutrons,protons,and gammarays. Normally, only the lowertriangk
of the “p to n“ blockwouIdcontainvaluesfbrthe apscatterportionof
the table (the part abovethe line in the middle). The ‘group”index
increasesfromleft to right,and the ‘position”indexincreasesfrom top
to bottom.
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Figure 3: Comparisonof pointwiseand multigrouprepresentationsof
mu capture. The ~olidhistogramshowsthe effectiveInuhigroup cross
sections forinfinitedilution,andthedashedhistogramshowstheeffective
crosssectionsfora backgroundcrosssectionof 30 barns/atom. This is
the 69-groupstructureusedin the MATXS7library.

the firstthreecaptureresonancesof mu. A r~n~ce materi~ in a dilutemixture

or in smallpiecesdoes not disturba smoothfluxverymuchby its presence-this
is calledthe infinitelydilute case- but moreresonancematerialwill causesharp
dips in the flux correspondingto each resonance.The reactionrate q$ will be
reduced.The resonanceis said tobe “self-shielded.”

The magnitudeof this self-shieldingeffectis in generala complicatedfunction
of the geometryand compositionof the system. }iowever,it has been foundthat
a simple model called the BondarenkoMethod16 or BackgroundCrossSection
Method17does a surprisinglygood job of representingthe effects for manyap-

plications. The flux is assumedto vary inverslyas the total macroscopiccross
section. The model!luxforthe groupaveraga forisotope i is writtenas

C(E)‘!(E)=[Crg+U;(qy+’ ‘
(23)

whereC(E) is the smooth part of the shape of the flux, and a$ is called the
backgroundcrosssection(it representsthe effectsof all the other isotopes). The
efkct of the total cross section in the denominatoris to put a dip in the flux
b each peak in the croassection, and U~controlsthe relativesize of the dip
(u~=oo gives the infinitelydi!utecasediscussedabove). The ~ dcpcndcnccshown

——



here is appropriatefor a largesystem with nearlyisotropicscattering(i.e., the
B. approximation),andit was usedwhenthe MATXSfiles weregenerated.The
resultin Eq. (23) is based on the narrowmcmanceapproximation,and it will be
Iess accurate for some of the widerlow-energyresonancesimportantin thermal
systems. The multigroupformof this modelj.~xis

(24)

Foran infinitehomogeneousmixture,the appropriatebackgroundcrosssectionis

(25)

wherefViis the numberdensityforthe isotope. Becauseat dependson Uo,finding
uo is clearlyan iterativeprocess.

Fora lumpof resonancematerialembeddedin a largemoderatingregion,es-
capes fromthe lumpalso increasethe backgroundcrosssection. This additional
escape crosssectionis givenby

where? is the meanchordlengthof the lumpgivenby

(26)

(27)

and where V and S are the volumeand surfacearea of the lump (e.g., for a
cylinder,?=2r). The meanchord? can be adjustedawayfromthe geometricvalue
of Eq. (27) to compensatefor the presenceof other lumps (Dancoffcorrections)
or forshortcomingin the escapeprobabilitymodel used to obtain Eq. (26) (Bell

factors); the main point is thatTR.ANSXoptionprovidesanadditionalcomponent
forthe backgroundcross section that is parametrizedby?.

Eqs. (25) and (26) show that there is -me kindof equivalencebetweenthe
self-shieldingeffectsof an admixedmoderatorand the self-shieldingeffectsof het”
erogeneity.Physically,in the narrow-resonanceregime,ifa neutronis produced●t
the energyof an absorptionresonanceof materiali, eitherlodng energyby scat=
terirtgfromoneof the competingmaterialej orescapingfromthe lwnp wiIlassure
that it willcot be absorbedby that reaonance.In fact, the effects●re additive.As

14



an exampIe, considera l-cm rodof uraniumoxidesurroundedbya largeregionof

moderator:

.046at/b-cm x 3.76b/at 1cm
00 =

.022at/b-cm + .023at/bcm
= 7.52 b/at+ 43.48 b/at

= 51.Ob/at

where.023and .046arethe atomicdensitiesof the 2mUandoxygen,respectively,

and 3.76 barnsis the oxygencrosssection.

H. Da-off Corrections

If the lumps,rods, or platescontaining the resonance material are arranged

in a lattice or $tack,it is likely that a neutronstartingfromone lumpcouldpaM
throughthe matrixmaterialand reactwith the fuel in anotherlump. Such an
event is equivalentto neverhavingescapedfromthe firstlump at all; therefore,
the escapecroassectionis reduced.Thisis called● Dancoffcorrection,andseveral
optionsareavailablein TRANSX:

Cylinderby the Bell approximation,

c=~
1+A ;

CylMer in an hexagonallattice by the Saw ●pproximation,

c=
e-rA

1 +(1 - 7)A ;

where

Cylinderin a squarelattice by the Sauer~

where

(28)

(29)

(30)

(31)

(32)

15



Slabcell by the Bell approximation,.—

0.5c=—
1+ h

and

0.5
+ 1+ AL ; (33)

Slabcell by E3collisionprobabilities,

C = E3(J~)+ F4(AL) . (34)

In theiieexpressions,A stands for the optical path in tks moderatorregion,
~~a~, ALand Jn are the optical paths to the left and right from Lheregion
containingmateriali to the next slab containingthe same materird,VMand Vc
arethe ratios of the moderator volume andcladvolumeto the fuelvolume,andEs
is the third-orderellipticintegral. In all the wee, the Dancoffcorrectionresults
in an escapecrosssectionof

(3s)

wherebl and ~ are cailedBell correction (appropriatevaluesare 1.09for slabs
and 1.35 for cylinders).‘Whenbl=~, the constantis usuallycalledA, the Levine
factor. TRANSXprovidesfor the automaticcalculationof fuel and moderator
mermchordsand homogenizedmodezatorems zections,given the volumesand
compositionsof the variousregionsof a cell. Examplesare given later in this
report.

L Interpolation in Cross Section ~bles

The self-shieldedcrossmtions for the MATXSlibrariesare computedin the
GROUPRmoduleof the NJOYsystem usingEqs. (3) and (4) togetherwith the
fluxmodelof Eq. (23) and,optionally,usingthe fluxcalculator,fora preselected
set of temperaturesandbackgroundcrosssectionsco.Toobtaina cross sectionat
someothertemperatureandbackgroundcrosssection,it is necessary to interpolate
betweenthe valuesin the library.

Thevariationsof thecrosssectionswithtemperaturearenormallyfairlysimple.
Earlierversionsof TRJWSXuseda N“thorderLagrangiaDinterpolationscheme
on @’) and 2’, where2’ is the temperatureand N is the numberof values in
the temperaturegrid. However,this schemewould sometimes give unphysical

16



or negative cross twctions duc to oscillations in the intcrpoIa&ionfunctifm. This

wmim of TI{~\h S?; reverts to using simplelinearinterpolationfor its stahility,

FOI ~0, the siliciding curve hi~~ :i shapt similar to ttm tanh function (see
~jdmall). 18 I,ike tanh, it k,~ a Ijnljtcd radius of COIIVt?rgtDilC(!,afd 11~~hlC P~lY-

nmnial can be USCCIto represent it for all ao. I;arlicr vcrsious of ‘1’NANSX used

a combination of I/oo, Lagrangian, and quadratic interpolation for difkmt of;

ranges. Just i~sfor twnperaturc interpolation. this scheme sometimes led to large

unphj’sica]oscillations in the interpolated cross sw tions. Therefore, I!lis versionof

TRAXSXuses simple linear interpolation had on iog(oo), except for very iargc

COvalues, where it uses I/o,, interpolation. l’h~ lowest cross-section value is used

fcr croless than the Iowcst grid point in the self.shielding tabic. This approach is

stable and rcliabie, but it rcquirrs that data be given on a firwra. grid than thv

older rncthod for equivalent accuracy. NotOalso that linearinterpolationpreserves
the conditionthat the total crosssectionbe eqttaito the sumof itsparts.

J. Elastic Scattering Corrections

In order to make a library of multigroup constants, as defined by F;qs.(3) and

(4), it is necessary to choosea model-weightingflux. In an actualsystem,the real
fluxmaybe quitediflerentfrom this model. Becausethe fluxwillusually vary from

region to region, the mismatch betweenthe actual and modei flux cimnot alwa,ys

be removed by improving the iibrary flux. For the vectorcross sections (e.g.,
capture, fission), the size of a group can usually be made small enough so that the

weighting flux difference is not too important. However, the ciastic downscattcr

for th(~hezvim materials aiways takes place from a range of energies very close to

the bottom of the group. If r is the ratioof the flux nearthe botton of a group
to the group-averageflux,the ehstic removalcross section is wry sensitive to any
difference between r calculated for the actualfluxand r calculatedforthe model
flux.

Starting with the IDX Ccx{e,]gvarious attempts havebeenmade20021 to cor.
rect the elastic removalbased on the shape of the computed fluxusingan iterative
scheme. ilowever, the complicated consequencesof resonances in the C:OSSsections

make this dangerous except in regions wherethe calculatedflux variessmoothly.

Therefore,TRANSXdoes not attemptto correctforvariationsthat onlyshowup
in one or twogroups.1nstcadit smoothesthe fluxbyaveragingoverseveralgroups
aboveand belowthe groupin question. This resultsin an effectiveslope for the
flux nearthe bottom of the group,whichcan be used to correctshe removalas
shown below. The corrected cross-section set should give improvedanswers for any



I
responses that depend on the a~”erageremoval effect such as ke~, but the actual

fluxshape IIWNa pilrtit”ulnrrwnance maynot be improvedat all.

The removal from group g to group g’ can be written

]~av
9’-9 = //

(lU ffu’ae(u’*u) @f(u) ,
9 9’

(36)

whereu is lethargy, trcis the elastic scattering differential cross section, and +M is

the model flux. If the actual flux at the bottom of the group has a different slope

than the modelflux,

where~, is the lethargy

t#(u)= la - b(ug – u))&f(u) , (37)

at the bottom of gro~pg, the removalrate becomes

(38)

where
(Ug-u) O.(u’-+pf(u)

(39)
du’cr.(u’*u)@qu) “

The quantity79 = Xg ~g~-gis availableon the MATXSlibrary,so this ~ is
used for all groupsand Legendrcordersto obtain the correctionsto the elaatic
scatteringmatrixelements.

It is then assumedthat the smoothedfluxratiocan be representedby

In(+/@hf) = 20+ Z)(U9-U) + Z2(U9-U)2 t (40)

in the groupg. Thecoefficientsarecomputedusinga leastsquaresfit to six values
of the ratioassignedto the Icthargycenterof eachof the six groups(three above
Ugand thrmhelow). The parametersa andb aredeterminedat the bottomof the
group,and the smoothedvduc of the ratioat the centerof the groupis used to
findthe changein crossmctionthat willgive the desiredchangein removalrate.

Th(~.~~-?tfvi< ~co*ystable. It avoidsthe divergenr~in removalcrosssections
(JftCSrls, ~. ‘ ,~nt} c iIndItusuallyconvergesadequatelyittoneiteration.

K. Group CoIlapse

It is necessaryto producecross-sectionlibrarieawith fairly narrowenergy
groups 10 minimizethe consequencesof an inappropriatemodel flux discussed

1%
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above. However,it maynot be economical(or even possible)to performa multi=
dimensionalSNsolutionusingthe fine-groupstructuredirectly.In such ewes it is
desirable to collapse to a coarser group structure The collapsecan be defined in
such a wayas to preserveeach termof the PNequationswhenthey are summed

overall finegroupsg in coaraegroupC as follows:

Coarsegroupflux

ha= ~ As
9CU

Absorption,Gcr~,andedit crosseections—

lhnsport croeesectionforIeakage calculation

Pt=weightedtotal crosssection

Scatteringmatrixcrosssections

and

Steady-stateanddday fissionspectrum~

~G = ~xg.
#to

(42)

(43)

(44)

(45)

(46)

The coaree-groupSNquations can be derivedfromthe coarsegroupPNequa-
tions;therefore,Eqs.(7) through(13) applywith g replacedby G.



‘1’hcflux components CaIIbe read in fromsome previous calculation or gcncr-

attd frm IIIPIdol ~Light function used to generatethe MA1’XSlibrarywith

In practhw only k“=Oand k= 1 are available on the

usml for ail hi~!mrorders.

. (47)

MATXSlibrary,and k=l is

Note that thvrr arc fourdifferentttswtforinputfluxes in TRANSX: ( 1) collapse,

(2) fission ~, (3) t[lnspwt cross section“.nd(4) elasticscatteringcorrections,

L. Spatial C;ollapse

It is oftm necessary to replace the complex geometryof a reactorcellwithsome

effective average cross section before doing twm or three-dimensionalcalculations
for an entire reactor cor?. This spatial collapse is similar to the group collapse

doscribcd above in that both try to preservethe termsof the PNequation. Using
vi forthe regionvolumesand V for the cell volume gives the following results:

Cell-averageflux

and

Cell-avcrammacroscopic crosssection

(48)

(49)

In these equations, the u, a,c the region volumes, V is the cell volume,~J(vl) is
the nurnbcrdensity for materialj in region i, and ~~(ui) is the microscopic cross

sccticm for material j in region i.

These calculations of cell.averagedquantitiesrequirea good knowledgeof the
regionfluxes by group. “I%csefluxescan be obtained in the formof a CCCC
standard-interface file from a separate transport calculation and read into
TRANSX..4 typicafprocedureis to do a simpleone~dirnetuionrdcalculationfor
a reactor pin CCI1,and then to use the flux fromthis calculation
averaged cross sections to be used fora reactor-corecalculation.
{his process will }JC found in the next sectionof this report.

2(J

!0 preparecell.
An exampleof



It is oftennecessarytoobtain a “constituent”ofa mixturelikethis, forexample,
the microscopiccrosssectionfarthe ‘5U in the uraniumoxide in the fuel region
of a reactor pin. Other times, the user may need the microscopic cross section

averagedover the cell. TRAfWXcalls the firsttypeof constituent

%gion constituent”andthe secondtype a %el!constituent.”

Region constituents arc useful when the transportcalculation
done using the detailedregion-wisegeometryof the cell and when

cross section a

is going to be

the userneeds
to make the mixtures in the transportcudc(e.g., to do concentrationsearches).
Realmaterialdensitiesmustbe usedwith regionconstituents.

Cell cmwtitucnts include the effectsof any flux depression(“disadvantagefac-
tors”)or fluxenhancementin the regionsof the cell. Therefore,they are needed
when the tran:port calculationis goingto be madeusinga simplifiedgeometryand
when the user needs to makethe mixturesin the transportcode. Cell-averaged

densities must bc usedwith CCIIconstituents.

M. Photon Production Self-Shielding

Photons are producedby captureand fission,andboth reactionsusuallyshow
significantself.shieldingin resonanceenergyranges.Althoughthe MAT)(Sformat
h= the capabilityof storingshieldedcrosssections for any photon production
crossmction, the currentlibrariescontainonly infinite-dilutionphotonmatrices,
and TRANSX uses shieldingfactorsfor the correspondingneutronreactionto
self-shield each photonproductionmatrix.

N. Thermal Cross Sectiona

When the energyof a neutronis comparablewith the energyof thermalmo-
tion Gfthe atoms in a material,the neutroncan gain energyin a collision,or
‘upscatter.” Mc@SNcodes can handleupscatterat some increasein run time.
The locationof the upscattergroupsin the transporttabIeis definedin Table $.

The detailedthermalcrosssectionsand scatteringmatricesdependupon the
bindingbetweentheatomsof the rnatcrial.22Therefore,MATXSthermallibraries
will containseveralsets for a particularisotope, for example, Ii in 1{20, 11in
polyethylene,andNin ZrfLInaddition,thermalscatteringcanhavebothcoherent
andincoherentcomponents.Coherentscatteringtakesplacewithnoencrgychange
(in-grouponly) andincludesthe diffractionefkts of the neutronwaveinteracting
with the entire crystallinelattice.
gain and encrgyloss crosssections

The incoherentpart contains both energy-
due to interactionswith lattice vibrationsor
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vibrations or molecular rotation and vibration modes. F’orthe heavier materials,

it is often it good approximathm 10 treat the ittoms as a gas of froc particlcb iit

the appropriate temperature. k’rcw-gascross sections and matricwsarc included

on hfATXS thermal files for all materials in addition to any bound crosa scctiorts

given for important moderator materials.

Thermal cross sections are Wlncd over a limited energy range(e.g., E<4 eV).
To preparean upscatter set, TRANSX corrects the total cross section by subtract-

ing the normalstatic elastic cross section (!IELAS)and adding backthe appropriate

incohmnt and coherentthermalcrosssectionsover the rcqucstcdenergyrange,
This step ensures that any absorption reactions are included. For the scattering

matrix,“l”RANSXuses the static matrixabovethe spccificd energyrangeand the
requestedincoherentandcoherentmatricesbelowtheenergycutoff.Sources from

ahove the cutofl to below use elcmcnts of the static matrix. Sources from below

the cutoffto abcveare truncatedinto the last groupof the thetmalrangeso that
thereis no upscattcrforgroupsabovethe cutoff.

Some ENDS”/11thermal evaluations give the scatteringfromeachatomin the
molccu;c,and the diflcnmiatoms mustbe combinedin TRANSX.An exampleis
water;here“Ii in ‘izO” must bc combined with free-gasoxygen. Otherevaluations
(e.g., methane)give the entirescatteringforthe moleculewith the principalscat-
terer(everythingis renormalizcdto the crosssectionof the principalscatterer).In
these cases,TRANSXmust mix in ‘L- “L----t ‘--”* --:-- ‘-- ‘L- --:--: --i ---”

tererand omit the contributionfor
are discussed in the next section.

LIIC.bnermiu acdcmxsn~:ur sneprlnclpiu sca*-

the secondaryatom. Methodsfor doingthis

0. Epithermal SeIf-Shielding

The biggest weaknessof the TRANSX code as describedso far occurs for

thermaJreactoranalysisin the “cpithcrmal”energyregionfromabout 4 eV to
around200 or 300 eV. In this region, the resonancesare no longer “narrow,”
and the flux shape given by Eq. (23) is no longersufficientlyaccurate. This
failureis normallyonly importantfor resonancematerialsthat are presentin
largeconcentration,suchas Z$SU.TRANSX resultsfor this energyrage CM be

mu “sing the NJOY flUXimprovedby preparingspecial crosssectionsfor the
calculator. As an exam~le,you could preparea new isotope calledU238B with
cross sections appropriatefor 22su02 j~ pinsof a certainsize surround~ by a

waterregion.Youcouldthenaddthis isotopeto yourMATXSlibraryusingBBC.
By askingfir U238DinsteadofU238inyourTRANSXrun,youwouldget improved
resultsforresonanmself-shieldingin the epithermaJregion.
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111. HOW TO RUN TRANSX

TRANSX is capableof solvingcomplexproblems,and the input is necessarily
complex. However,an attempt has beenmadeto simplifythe input by providing

defaults so that the userinterestedonly in the simplerproblemscan ignoresome
of the complexities.This sectionis organizedfromthe simpleto the complex;a
usercan stop readingwhenhe knowsenoughto solvehis problem.

Theinputinstructionsaregivenin thefollowingsubsection.Theyareexphdned
in the subsequentsubsectionsby usingexamples. The examplesaho act a tat
problemsforthe code,andsomepartiallistingsareincludedin AppendixA. Input
decksand full output listingsforall of thaw sampleproblemsare includedin the
TRANSX2.0 distributionpackage.

A. TRAFISX Input Instructions

The followinguserinputinstructionsforTRANSXwerecopiedfromthe com-
ment cards at the beginningof the TRANSXsourcedeck. It is alwaysa good
ideato checkthesecardsin the currentversionof the code,kause theyaremore
currentthan the versionprintedhere.

---USEDISPUT(F2EEFoltll)-----------------------------------------

CAM 1

CARD2
IPBI~T
IOU7

IPB!’IB
Err

WORN
ITIm
IDSCAY
IYBC

RUBTITLE(EOLLERIYBDES~PYIV8 ~)
72 CRABSMAX.80 DELIIIIYEBSOB‘YEMISAYOa8E0WI~.
STOPTZRXISAT!?!?JOB

OPTIOHS
PBISY(o=LoIG/l=sBonT)
OurPu’rFOMA7
o HOSE
1 CARD(6E12)
2 CLAM(CARDV:YB SEPABATEEDIYS)
3 FIDO
4 ASISD(FIOOUITS 2cL+1 FACTOR)
s GOXS(GROUP-ORDW BIBART)
6 IsmS (CCCC-IVHATSBIAL-OBDm

PROBLEM(O=DIREC7/i=ADJOIST)
BIBARY)

Ism’x FORA SIXPLESEYFOBPAftflm 1,
ISET=IJ FORA COUPLEDSEYFOBPAB’YICLBSX MD J,
iSE’T=IJXFOBA ~BES-UAYCOUP- ~, ~.
FO~ (lEMATUISE/2@iB0UPUISlt)
FISSIOB TIXE (l=STEADY-SYATV2=PMIPY)
DECAY71XS (RESEWED)
YRAmPoaTCORBECYIOB

o NOSE(SOI FOBSs mm
1 COBSISTEBT-P
2 DIAGOSAL

23



o
1
2
3
4

12-14
-w

USELIBRARYVEIGETFOR
READPOFLUXOHCARDS

Po FLU:

REM RTFLUXImmFACE (cccc-Iv707AL FLux)
READRZNFLXIMTERFACE(ZOHEMOMESTSFLUX)
RSADR2FLUXXSTWACIi(cccc-1V20ME FLUX)
TRIGGERSREMAPOF ISPUTPLUX
RAKEELASTICSCATTERINGFLUXCORRECTION

(FORLASTFIVE mm, osmmmn omo9)

CARD3 PARAMETERS
MmouP MUNBEROF GROUPS1# TABLE
BL
MTAEL
8UP
IITHG
MIX
M3EG
MHIXS
SED
MEDS

CARD4
ElfIX~

CARD6
8REG9
RTEKP
llVOL
IEET

MUHBEROFLECEMDRE7ABLES
TABLELEMGTB
RUHBEROF
MJMBEROF
9L!BEROF
MUMBEROF
BUNBEROF
8W!BEROF
BUMBEROF

MIXSAMES

UPSCATTERGROUPS
THERMALGROUPS
OUTPUTHIXESORNATERIALS
REGIOMS
NIX SPECIFICA7XOBS
EXTRAEDITS
EDITSPECXFICA710SS

BHIXEOLLERITHXXXBAWES(6 C8ARACTERSNAX)

IWGIOSABDIMTEROGEMEITYSPECS
REGIO1BOLLERITBBANE(6 CIMACTERSNAXIIIIUM)
REGXOBTEMPERATURE(K) (DEFAULT=300)
REGXOBVOLUME(DWAUL7=I.)
BETEROGEBEITYOPTIOB(DEFAULT=O~SOSELFSBIELDI~G)
o
1
2
3
4
6
6
7
8

-8

80 SELFSHZELDIBG
COMSTABTESCAPECROSSSECTI08
CYLIBDERBY BELLAPPROXXNATIOE
CYLIKDERIX BSX LATTICKBY SAUEl APPROXINATXOS
CYLXMDERIH SQUARELATTXCEBYSAUERAPPRDXINATXOS
SLABCELLBY BELLAPPROXIMATION(REFLECTIVE)
SLABCELLBY S3 APPROXINATIO#(lwLM’nlm
SLABCELLBY BELLAPPXOXIMATIOB(PEBXODIC)
SLABCELLBY 23 APPRDXIHATIOM(PESXODXC)
C08TIMJESPECIFVIflCTEE CELL

TEE RESTOF TEEPARANETSR50BCABD6
DEPESDOITEEVALUEOFIEET. T9ESBVAWBS
AREOIILYGIVEBFORTEEFXRBTUO1OSOF8ACfl CWt.

-- 1ss7=1 -- COSSTAHTESCAPE

CEORD HEM CBORDLEKTE{cm
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-- IEXT=2 TEAU8 ‘- DASCOFPAPPROXIHATIOBS

BMLI BI!LLCORRBCTIOBTOMTIOBALAPPROI.
BSLL2 BELLCORRXCTIOSTODXSOMIWA70R

RBPEATCARD6 8RBC71RBS

CARD6 REMAP18STRUCTI08S(ABS(IBITF).GE.12 OSLY)
PLUXPOIST, ZOJIE,ORRSGIOSFRONIBPWFILX TOM
ASSXGSX070EACETRASSXRMIOS (WIG ISTBGERS)

CARD7
IHIX
18s0
SNIX
DEBS
E18C

ECOE
XMOD

NIX SPECIFICATIONS
NIX 8UNBER(070 BHIX)
REGI08WWBER
SAMEOF ISOTOPEFROMIIATXS
MULTIPLIER(FRAffIOz ORDEBSHY) (DBPAULW)
7BmxAL xsuAs71cflAnE (DXFAULT=IILABR),
ORCOBSTITUERTCROSSSXCTIOSPLAG

(“RC”FORRXCIOSCOMT17UXST,OB”CC”~CSLL)
TBERNALSLASTKCBANX(DBFAIJLT=BLA~)
RATRIXNODRsAmos (DwAW7.BMm=TOTAL)

RXPEATCARO7 8HIXSTIIIBS

CARD8 EDIT -AMES
Em BID EOLLSRXTSSDIT SANXS(6 CSABACfXRNAXIXUH)

CARDO XDITSPECXFICATXOSS
JXDPOS S017 POSIT198 (USUALLYIR RASGEPROM1 T08KO)

(-B m m DWYXD GAHllASIS GROUPH O? COUPm s~)
HXODANHAHEOFBXACTIOBPRONNATXS
XDFACT MUL71PLXSR(DE?NJLT=I)
BXDIIAT ISOTOPESAMEPXOXl!ATXS(DSPAUL7=BLASK)

IF BLAXX,USE SPXCIPICATXOBPOBALLISOTOPM

RSPSA7CARD9 S~S TXHSS

Cmo 10 COLLAPSESPSCIFICATI08S(IP KOLL.SX.0)
IBPUTSUNBEBOP FIBB GROUPS19 BACHCOABSSGMOP

CARD11 X9PU7PLUXFUS=IOB (IBIY’F=I !MLY)
Imr PIN: POUPISS GROUPSTO BE USXDPOR

AU ORDERSASDALLRBGIOSS

SPXCSALIBPUTVALUES
BBD=@CUI* TIIIS POS1710STOCOMTAIBP1SSI08 CSI
BXDM4W=9CS19DImO
n~=o~o 7BIS POSITIOS70 COSTAIflTllA9SPOBT

CBOSSSXCYIOSPOSDIPPUSIOS. 1? A PI PLUX
Xs alms ORCONWTEO.T9E ISPMD=IBITXOB
MIU SE ~. OT8XRUISE0GuT7L0UIu M 0s=.

~BA#~WRD* DI~
u~oGA#@ 7S1S POSITX4!S70 COS’W19TSC ?XBST0? EGGCARHA
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B. I%eeForm input

Al] inputto TRANS.Xis freeformwith no limitdon to fixedfblds. Numbers

do not requiredecimalpoints,but the “E”is requiredwhenexponmts aregivm.

Holkrith strings are delimited with stars (0) or preceded by “n}l” as in FOR’.’lU\N
formats.Delimitersarenot necessaryif thestringis a singleword(i.e., six or fewur
characters)and starts with a letter. The construction‘nR” causest’]e following

entry to be repeatedn times. Entriescan be separatedby any characternot
used foranotherpurpose A commaworks,but spacesl-k better. Linescan be
terminatedearly with /, and any input valuesnot givenaredefaultedas dehed
in the input Instructions.Any text appearingto the rightof a / (other than a
/ embeddedin a Iiollerithstring)will be treatedas a comment. Linesbeginning
with a $ sign willalso be trmtedas comments.Caremust be used to includethe
/ whenneeded;otherwise,the inputroutinewillkeepon readingcardsuntilithas
foundthe requestednumberof entriesor reacheathe end of the file. The proper
inputsyntaxshouldbe madeclearby the examplesbelow.

TRANSXinputcard1is not readby the freef~at inputprocessor;it is read
by a simpk FORTRANstatement.Therefore,starearenot required.The ‘stop”
at the end of a TRANSXinputdeckk a specialcase of cud 1, and stars are not
requiredthereeither(althoughthey caa be given).

C. Simple ‘IYansport‘hblea

The followingexamplesillustratesimple rnicrrrscopicamdmacroscopic~
section sets without self-shieldingor thermaltrpsutter. Shnple respoase edits,

groupordering,and collapseareshow also.

SampleProblem1. Simpk Material=Ordered‘l%bl~

7ES7 1 -- llA7ERIALORO~ 7AD~
Ololalosoo
30 2 34 6 0 3 1 6 1 1
CAR3087U3G3’7V-236
● ●/
1 1 cEAT/
2 1 Mm .263/
a 1 U183 .143/
2 1 we+ .307/
2 1 V!w .266/
3 1 9236/
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SEAT
i UEAT1.d02B-19/COWERTEDTOJOULB-MR9S
STOP

Thr cross sections will f)(’ road from a file named U47XS(see !%tion V), and

the neutron tables will hc printed and written onto a fk named CARDaa 6E12

cards (see %ction ltf for a r~mplcto description of the interface fries) in material

ordering. t’ission will IN*stvady state, and the 1]IIS transport correction will bc

used. Uwause two tahlvs arv rminested (}’9 and 1)1), the IIIIS correction will

be d(rived fromthe })2 data on the library. ‘l’hetable length of 31 is enough
to accommodateall 30 groups,the threestandardedits (oS, Oa~,al), and one
specij: ~dit, “f’herearcno upscattcrpositionsor thermalgroupsrequested.Three
outpIt matoria.ls are definedwith the namrsgiven. Note !hat these namesarc
indcpcndcntof the isotopes on the libraryand wi)l only be used to Iahcl the
output and to nanw ;he matvrialson the output fileCARD.The materialslie in a
ttgiml wit tempvr~tur~~300 K {by default) and a blankname,but “region” has
no othrr ,~,nj~fancc }l~!~I*ii, the atmmcc of an input flux or self.shielding. The

SiX Jllix il\S\rilctionS use dcf.ault~alucsfot simplicity.This table worksas follows:
Th- Inittr;l,ijH)!IXis mulfiplhl hy DEXS(d[”fault=].) and addedinto mixture

IMIX.‘1hc names used focHHIXmust corrm:mnrfexactly to materialnameson the
hfAl”XSlihrary.The use of atom fractionsforDIM in mix 2 produc= the correct
microscopic.cross.-tions [ornaturaltungstm. Laterexampleswill show howto
generatemixedmacroscopic cross wctions, The response edit “lt~7” is intended

to give nuclear hczting in watts/cm3whenfohh.1wi!ha flux in a transport code.

The table worksjust Iikcthe mixtable. ThectosssectionWDBAHfrom the MATXS
libraryis multipliedbyEDFACTamlAM intopositim JEOPOS.‘1’}wEDF4CTshown
hereconvertsKERMAfactorsfromct’-barnsto .louk-barns.JuatM formaterial
names,the reactionnames(e.g., HU7) forHWNMmustcomspond to rmmeson
tho)ibrary,but theedit name[e.g., HEAT’)iSonly usedforlabe~inghe Output.The

lastcardis readas the title forthe IIcxtc-*. but ‘%lW’hazthe specialmeaning
of endingthe run. The meaningO(theseinput parametersmaybe clarifiedby t}m
partiallistings of the OUTPWand CARDfiles in Appmdix A.

SampleProblmn2. GroupOrdering. —..

This is the same as Problem1 except fti grottporderedprintedoutput. No
libraryis written becauseno card image formatis availablefbr IPORMD2.See
AppendixA.



Sanlplv 1o11‘*ICIII 3. (“! !dtxl .sct— —. -. ..

TEST3 - mJPl “1)s&r
0303110300
42 2 46 0 9 t i 2 1 2
AL-27
● ●/
1 1 AL27/
HEAT
1 HEAT/ &4 AWDB!. PABT
1 GttEAT/ GGPART
STOP

“I”histime OIIfpIII in } li~O formatwas rrqucsted. As dcscribw!in !$cctionIV-
};, }’11)0supprossmIIIWI}of thr zeroesin the OII;pJJtfile. ‘I”hrrouplcxioplion

was sdmtd. and 12ha~!t{ he givrn for th~ numberof groups(HATXS5is a 30

x 12 Iitmary). “I”tl(”[In, ng, .*!I!+ w blocksfor AL27 arc automatically movedto

the corm-t pitrlof tII(Dcuujdt,,w4. ‘l*hophotoatomicdata are reallyelemental
in natnr~~.but thv %!A’l”~S file mm c(mtzinsdujdicatctables foreach isotope,for
~on}”~nic~ilcv. an(! it is no longernccm~atjto nameboth AL27and ALin TRANSX

inpot C!OCIJS.‘i”heo~!itcrosssections CtiEAiandHEATareaJsoautomaticallymoved
to their pr~qwrp(>sitionsin the coiJpfcd .w!L:the formerends up as position 1 for
pyonps31 to 42, the latter in grfwps1 to 30. A partiallistingof the FIDOtables
is givenin :\;)im:dixA.

TEST4 -- GODIVA
o 1 0 1 1 i o 3 30 1
20 4 34 0 b i J 3 1 0
CORE
:ORE/
1 1 U2? / . 0460/
1 \ U2J8 .002498/
1 1 U234 .600492/
CEI
19R1 11/ COLLAPSEOUTBOTTOM11 CROUPS
6.80E-0 1- 72E-7 6.78E-7 3.30 E-6 1.68E-6 &.@2E-5 3.62E-4 3.21 E-4
4.00E-4 4.43E-4 4.81 E-4 8.7SE-4 7.74 E-4 6.90E-4 3.63E-4 2.836-4
6.30E-S 9.77 E-6 “ .27E-6 1. 62E-7 1.87E-8 2.23 E-9 3.4~E-tO 3.66E-11
6,38Z-12 2.29t. 1- 9. 16E-13 1.30E-16 7.63E-19 1.60E-22/
STOP

Gf)Dl\’A is a bar~~sphervof cnrichmluraniumthat is often usedas a cross-section
benchmark.23Intt:isexample,macroscopicPIcrosssectionsarc produd dirmtly.

AS a rvsutt,it is riotncwssary to mixcrosssectionsin the transportcode. In ad.

dition to having limo and storage si:ao, this approachalIowMa l;lixt14re.(14*i)cndc~lt



fission I to bc formed. Ilecause the spectrum o{ GODIVAis ratherhard, the
lowerenergygroupsarecollapsd down10 fewergroups(note the useof the repeat
specification).An initial fluxguess is readin fromthe input file to improvethe
estimateforthe fissionspectrumx and to improvethe groupcollapse. Note that
ICOL=30,the numberof finegroups,andlfGROUP~20,the numberof coarsegroups
forthe output material.CHIis a specialedit commandthat does not rquire any
furtherspecification.

D. Advanced Response-Function Edits

Oneof the powersof TRANSXis its ability to producevariedr-ponse-function
edit crosssections. The abilityarisespartlyout of TRANSX,whichcan produce
anyedit that is a linearcombinationof anycrosssectionson the MATXSfile,and
partlyout of hlATXS,whichcontainsall of the partialcrosssectionsavailablein
the originalENDF/B evaluationsas well as some additionalquantities,such as
nuclearheatingand radiationdamagecrosssections.

As anexampleof the powerof linearcombination,considerthe problemof comp-
uting the heliumproductionratein graphite.The 12Cevalaationin ENDF/B=W
includesan(n, o) reaction(calledtIA)anda conlinuum(u, @30 reaction (SCUA44).

An edit forheliumproductionrate(arbitrarilynamed11.IIM)can be obtehed UC=
ing the followingedit specifkatkmx

. . .
n.m
1 BA/
1 8C6AAA 3./
. . . .

The 15Areactionis multipliedby 1 (default)and addedinto position 1, and the
#CNAAAreactionis multipliedby3 andaddedintopositionI. Caution:A difhent
representationis usedin ENDF/Ii-Y’and W.

Sometimesit is mefal to definespecialedits for particularmaterials. As an
example,the ratiosof ‘U captureto ‘U fissionand‘U flseioEto ‘U tin
werememwedat thecenterof theGODIVAcriticalaeeembly.~Thefbllowjngedt
specificationsaddedto Problem4 will providethe mponees nded to campute
these reactionrate ratim:

.*.
CSI F26 ?28 C26
2 S- 1. U236
3 Wro’r t. U233
4 MG i. U236
. . . .
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Notethat thestandardtranqmrttableareserveNEDwordsforeachgroup,order,
and materialforedits that arenot requiredduringthe fluxcalculationbut only at
the endof the problemwhenresponseaarecomputed.Also, the edits only appear
in the I’. table, so the wordsrmerwdin the highertables are wasted. Storage
requirementscan be reducedby defininga special edit table with llTABL4fED,
whichISonly readduringthe reqxmsefunctionedit calculationin the SN code.
The (.)NEDAN@ code usesthis approach.

SampleProblem5. DetailedEditTable

‘rssT6 -- 3DIT TABLS
0601210000
30 1 13 0 0 1 1 1 13 37
AL-27
AL-27/
i 1 AL27/
SLAS MEG 82S S3S W SA
8P ED ST SHP B8A
Jr.IE 9.4EE
1 ZELASI
2 MN/
2 S76P -11
2 178P -1/
2 B80P -1/
2 B61P -1/
2 882A -1/
2 m3P -1/
2 m4P -1/
2 S86P -1/
2 ~80A -al
3 82D/
4 w3B/
6 W
6 8A/
7 sP/
8 8D/
9 3r/
10 %76P/
10 H78P/
10 B80P/
10 B81P/
10 m3P/
10 964P/
10 #86P/
1! M82bl
11 88eA/
12 BP/
12 176P/
12 B7eP/
12 noP/
12 s83P/



12 8@4P/
12 8e$P/
13 UA/
13 m2A/
13 ua6A/
STOP

The “AI evaluationincludessome discreteinelasticlevels that decay by proton
or alpha emissionratherthan by a cascade of photons. The cross-section.for

these reactionsare subtractedfromthe total inelasticcrosssectionin position2
to obtainan isolated(n, n’)y reaction.The partsthat weresubtractedareadded
backinto positions 10 and 11 to obtain (n, n’p) and (n, da), respectively.They
arc also addedto thr (n, p) and (n, o) reactions in positions l? and 13 to obtain

the gas production cross sections for‘H and ‘He, respectively.

Note that the detailedaluminumedits arewrittenimo a group-orderedbinary
interfacefile with the nameGOXS(see SectionIV-H]. If its nameis awitchedto
SHXEDT,the ONEDANTedit modulecan readthe filedirectly.

An importantmechanismaf radiationdamagein metals is the displacement
of atoms from their normallattice positionscaused by the read particleof ●

nucicarreaction.Theenergyavailableforproducingdisplacementsis givenon the
MATXSfile,asthe darnageenergyproductioncrosssectionDAHEin cV-barns;itis
lessthan the primaryrecoilenergy becausesomeof the energycauseselectronic
excitations ratherthan displacements. The primaryrecoil atom loses some of
its energye@ing anotheratom, giving a ?air of displuements; each of these
generatesanotherpair,and so on, unti)all the energyis WA up. The ..umber
of displacementsproducedby this cascadeis qual to the damageenergydivided
by twicethe energyrequiredto displaccone atom fromits normalsite. Various
values of the displacement energyareusedin practice;comeVabs24 are gwn in

“l’able2, whichcan be usedto determinethe EDFACTneededtc~evert dted-e
edit DANEicto a “Qisplacemcnt~er Atom”(DPA) edit. The useof this ~tcw M
illustratedbelow.

Except for the delayedneutronparameter ClllD and ~ all ti,- -

on the currentMATXSfilesarepromptdatm 11~, ~ Wfwmcb *

n + ‘Li - 8Li- /3- + % (W W)

I

and
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Material Energy(cV) Material Knergy (eV)

Be 31 Fe 40
c 31 co 40

Na 25 Ni 40

h’fg 25 Cu 40

Al 27 Zf 40
Si 25 Nb 40

K 40 hfo 60
Ca 40 Ag 60
Ti 40 h 90

v 40 w 90
Cr 40 Au 30
hfn 40 Pb 25

‘Ihbk 2: Typicalvaluesfor the atomicdisplacementenergyneededto
computeDPA(~isplacements~cr ~tomj.

havedecaysthat take placein times that are short with respectto the rcwponse
desired.The steady-stateheatingdue to capturein 7Lishouldreallybe the sum
of the promptHEATfromthe MATXSfile and 9.31 Melf times the capturecross
section. It caneasilybe producedwiththe followingTRANSXedit specifications:

. . .
ssffEAT
t OSA?/ PWW7 PART
1 8G 9. 31SG/ DELAYEDPAM VAOM9.31 ltSVCAHUBSGAJOIA
. . .

The photonsourcefromneutronreactionsis aJsoan interestingresponsethat
canbe obtained with thespecialedit nameCAM.Decayphotons,suchas the 1.779=
\feV photonfromthe ‘Al ~- decaymcntiortedabove,canalsohe addedinto the
photonsourceas shownin the next sampleproblem.

SampleProblem6. Heat,Damage,and PhotonSource

7s376 -- MAT,DARAG&MOMSSOUBCS
01011 s0300
30 2 47 0 0 1 1 1 14 4
AL-27
ALUIW
s 1 AL27/
Em’ OPAGM ml GANall ml
CAHGM!CAMGAUGAltGAMGAM



: mAT/
1 m i .126W
2 DAME . 02/
11 BG/
21’oP

The 12 occurrencesof GAHrwervespaceefor the 12 photon groups. Group9
(1.2 MeV)is in position 11, and the l-t edit specificationadds the equilibrium
1.779-McVphotonproductionrate into that group(one such delayedgammais
producedpercaptureevent). Note also that damageenergyis convertedto DPA
in position2 using25 eV for the displacementenergy0.02= [1/(2s 25)]. Moat
$J codes coulduse thesecrosssectionsand primtout steady-statephotonsource
vectorsby regionto be usedin s subsequentphotontransportcalculation.

Coupledsets, like the one definedin SampleProblem3, can also be prepared
includingsteady-stateradioactivedecaycontributions.Puttinga negativesignon
JEOPOSdefinesthe gammagroupin the coupledsetthat will receivethe contribtv
tions definedby that edit specification.The Problem3 input wouldbecome

TEST3A-- COUPmSm UXTSMY-=A78 DECAY
0303110300
42 2 46 0 0 1 1 2 1 2
AL-27
● ●/
1 1 AL27/
RUT
1 3SA7/ SS ASDSC PAM
i GltEAT/W PAM
1 M 1.12606 AL27,~DSLA7S0MATASDO- PDSAL27

-8 BG 1. AL2Y
1 BP 3.206 AL27

-10 BP .72 AL27
-9 1P .28 AL27

Ddayedheatand photonproductionedit s@icatione fm comeimportantmaw

riafsaregiven in the DELAY12and DELAY24filesincludedin the TRANSXdistri-
bution. As an example,the 12-grotIpdatabr ‘U arerepeated~

1 H2a0.060E+6
i W O.1608+6
i SF 8.680E+8

-4 SF 6.886E-4
-6 2P 4.072E-3
-0 SF 2.03W-2
-7 w 9.226E-2
-e SP 3.0332-1
-9 w 1.442mo

W3a

m3s
U238

W3S
U228
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-10 W 3.384E+0 U238
-11 BF 4.726E+0 U233
-12 SF 1.614E+0 U23S

The heatingpart(poeition1) includeethe beta decayheatingfor‘U andamf$p;

thus, it includesall the heat up to the appearanceof the final‘Pu product.The
contributionsto heatingandphotonproductionfromfissioncomefromthe decay
of the fissionproducts.

E. Self-Shielded Fast Reactor Problems

The simplestkindof self.shieldingproblemis one with simple homogeneous
mixtures,forexample,theone-dimensionalmodelof the ZPR-6assembly7 critica!
assembly(IWSthe ENDFbenchmarkdescriptione).23

SampleProblem7. ZPR-6/7 Spherical}IomogamousModel

TEST7 -- zPa-6/7 sPa. soltoGE8Emsmu
0101110300
80 ~ 60 0 0 2 2 20 1 0
COREBLABKET
cm 300. 1. 1 IOooo/ uoHow8EalssmmELDIB6
BLASXT300. i. 1 IOooo/ mlto6Esmfs ~IU31W
1 1 PU239 8. B672E-4/
1 1 PU240 1. 1944~-4/
1 1 PU241 1.338-6/
t 1 U236 1.26B-6/
1 1 U238 5.78036E-31
! I HORAT2.367E-4/
1 1 ~A23 9. 2804E-3/
1 1 O16U .01390/
1 1 FS64 1. 287$b2/
i 1 ca62 2.708E-3/
1 3 fl166 1.240E-3/
i 1 NE66 2. 12E-41
2 2 U236 8. 68C-6/
2 2 U238 3.981798-2/
2 2 JtOBAT3.8S-60’
2 2 018 2.4E-6/
2 2 FE68 4 637E-31
2 2 CM? t .2968-3/
2 2 S168 3.8368-4/
2 2 RS66 9.e8E-6/
CM
STOP

The EIUf)F/B=Vllibraries(whichare lued for all the test problemsfa TRAIISX
2.0) t.ontainthe isotopesforiron, aickd, and chromiuminsteadof the elemental



evaluationsgivenin previousversions.The domhnnt isotopeofeachelementhas
bmn usedheretokeepthe probleminputcompact.

The croMsectionsareappropriate for diffugion theory or POtransporttheory.
Note that the table length is less than the mtimum 80+3+1. The scattering
matrixis truncatedin a waythat preservesthe scatteringcro6ssection(i.e., down
the diagonal). In this problem,thereare two regionsand two mixes. The mixes
are macroscopic,and the fiseionx will be differentin ●ach regionbecausethe
compositionsare different.Self”ahieldinguses the constant-escapeoption with a

temperatureof 300 K. The regionsizes arenot neededfor this problem,and they
have been set to 1.0 for simplicity. The meanchordIeagthfor each regionhas
been made vety large (i.e., no escape from the region) in order to obtain the
mixturepart of the self-shieldingcnly. The backgroundcrosssectionsobtained
aredisplayedon the prhted output.

This homogeneousmodel is not completelyadequatebecause the core and
blanketregionsare reallymadeup of stacksof long dabs of the variousmaterials
arranged as repeatingcellsin a stainless=s:eelmatrix. Figure4 shows a simplified

core cell. This heterogeneityhastwoeffects;first,the backgrounderas sectionfor
a materialin a slab is changedbecause of the changein densityand tke addition
of a stabescapeprobability;andsecond,the Iluxwill be slightlydifferentin each
slab due to the sourcesand absorption. The firstdkct is called heterogeneous
self-shielding,and the secondleadsto the advantageanddisadvantagefactorsb

cell homogenization.

Forthe cell of Fig. 4, the self.shieldingof ‘Pu in E should be fairlywel!
representedby the mixture●ff=t in regionB plus the escape ems section tbr●

0.5SS8.cmslab with a Dancoffcorrectioncorresponding to outsideregions4.96S=
cm thick(?= = 9.930cIn)withthe homogenizedcompositionof A+B+C+D+clad
on eachsideof the fuelslab. Forthe‘U in E, theoutsideregionsextendonly to B
●nd would,therefore,be 1.626-crnthickwith the C+D+cIadcompositionon ●ach
side. The‘U in E= diflerentoutsideregionsto the?eft(A+B+C+D+CIad)~d

to the right(B+C+D+clad). The SS304structuresshouldbe wellreprceentedby
a o.dti-cm stab withoutsideregionswith the A+B+C+D+E composition.Note
that the mean chordwouldbe on)y onehalf of the Mnite slab Aae, as ?. =
5.08 cm. These kindsof argumentscan be completed* tk other materiahand
regionsin the cell.

This ●pproarhleadsto separatetwwegion cdl problemsh eachdasc of m~
terial(i.e., all the plutoniumisotopeein E fromonetw-rq$on cakdation, d the

U isotopesin B from●nether),andTRANSXis capableof setting up the problem
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Figure 4: Simplifiedcore unit ccl] forZPR-6Assembly 7. Won A is
th; SS304stru;turc (0.222 cm), B is ● U308 slab (0.6M cm),-C is Na
in an SS304can (1.270cm), D is an F~03 slab (0.3175cm), and E is a
Pu/U/Mo fuel slab in a can (0.63Scm). All can thicknessesare 0.0381
cm).

in this way. However, the wwultis verycomplex,and manydummycompositions
are rquired.

A simpkr representationis the multiregionslab cell snown in Fig. 5. This
cell neglects the egg-cratt:S%304structureand will overestimatethe U. values
b regioni. It also negl!’ctsthe effectof the structureon any paths to regions2
through3; thus,therewillbe too muchsodiumandnotenoughiron. The resaltiog
modelis givenin the followingsampleprobkm.

SampleProblem8. ZPR-6/7Sph. Heterogeneous Mdd

IEs’70-- zPR-v7 sPa. UYmo m
0301110300
602600027%010
cow BLmt7
WD 300 .2223 6 211, 09/
U203 300 .6360 -S/
VA 300 1.270 -0/
FE203 300 .3176 -6/
CLAD300 .0381 -8/
PWL 300 .2764 -6/
aL3%rT/
o 1 HOBA76.oE-6/
O 1 PZ60 4.474S-2/
o 1 CS62 1.267*W
o 1 8368 s.479c-3/
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2 3 4

5’

Figure S: Approximatemul$iregionslabcell forZPR-6Assembly7. The
dashedlines repreeentreflectionplanee. Region1 is the SS304end dab
(fu%z&m),z is the U308 slab (0.63S0cm), 3 is the sodium(1.270cm),
4 is the F*03 slab (0,3175),5 is the cladding(9.0381cm), and 6 is the
fuel (0.2794 cm).

01
02
02
02
03
04
04
04
0s
06
06
06
06
06
06
0s
08
06
16
16
18
:0
12
10
12
10
%3

Uss
U236
V238
0!6
~A23
016
=6
XOIA7

CE62
1166
K366
PU239
PU240
PU241
U236
U238
noIAT
PU239
PU240
PU241
U236
U236

nomr
IA23

1.018-3/
3. 36C-6/
1. 672%-2/
4. 724E-a/
2.236E-2/
4. 724E-2/
3. 21s&2/
6. 31-6/
6.700B-2/
1.639M-2/
8. 118E-3/
1.41B-4/
9.8606E-3/
1. 306x-3/
1 .473E-4/
6. 17R-6/
2.7S64E-2/
2,4908-3/
8.6672E-4 CC/
1. 1944E-4 w
1. 33E-6 w
7. 14E-6 w
6.46s-6 cc/
2.6203B-3 CC/
3.2601 s-3 w
2.3878-4 CC/
0.2908-3 cc/
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14
12
16
14
11
!6
11
16
11
16
11
27
27
27
27
27
27
27
27
CEX
STOP

016
016
PESO
PE66
FE66
ca62
CR62
M1S8
B168
MB66
MS66
U236
U238
HOIST
016
ma
CR62
9168
l!B66

8.@47E-3 ccl
6.033g-3 CC/
1.2tlE-3 cc/
6.9298-3 cc)
6,7/86-3 ccl
4.06E-4 cc/
2.2138-3 cc/
2.27E-4 ccl
1.0t3E-3 CCI
3.DE-6 ccl
1.73E-4 ccl
8.66u-6/
3.86170E-2/
3.8E-6/
2.4~-61
4.6371G=3/
1.2$6E-3/
6.83S8-4/
9.986-6/

This runisbimilar to problem 7 except that additional regions are defined for

the infinite slab model of the core cell. These regitms have IUI%=Oso that their

cross-sections arenotwritten ontothcoutput file. However,the macroscopiccross-

section foreach regionis calculatedand used duringthe self”shieldingiteration.
To compute the Dancoff correction, the cede sumsup the opticalpath to the left
fromone regioncontaininga particularmaterialto the next regioncontainingthe
same material,and then it does the samething to the right. In eithercase, if the
sum gets to the cell edge beforethe “blacknregionis found,the optical path is
doubledto vcount forthe reflectiveboundarycondition.If the left opticalpathis
zero,it is se: equalto the rightpath;the complementaryprocedureis usedif the
rightopticalpathvanishes.Therefore,bothsymmetricandasymmetrictwcxregion
equivalentcallsareformed.

It is clezrfromthe waythe multiregioncell wasconstructedthat the homoge-
nizedcorecrosssectionscannotbe computedbyhomogenizingregions 1through5
directly.Inaddition,the materialloadingsvariedfromcell to cell in the actualas-
sembly;andotherstructure,instrumentation,andcontrolregionsalsocontributed
to the net densities for the assembly.TRANSXhandlesthis problemby defining
the core mix uting the constituentcrosssectionsfromregions1=5but using the
homogenizeddensitiesfromthe homogeneousmodel. Whena particularisotope
occursin wed differentregiona,the homogenizeddensityis apportionedbetween
them (e.g., 81.7%of the 304 stainlesssteel is in reghm1, and 18.3%is in region

.
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s with differentbackgroundcrosssections).The CCcommandis usedto request

constituentcrosssectionsbecausethese densitiesarecell-averaged densitiee.

The modelused in this exampleaccountsfor the heterogeneousself-shielding
effect, but not for the advantage and dkdvantage effects. They can be obtained
by usinga fluxsolutionby regionsto do a fluxand volumeweightingof eachcross

section in the assembly.This can be done using two TRANSXrum and an S~
tode as shown below. Theseexamplesalsoillustratehowto use thermalapscatter

crosssections.

F. Self-Shielded Thermal Ikctor Prmblertu

Thermalneutronsare usually important when light materia!s (for example,
wateror graphite)are present. Suchproblemsare characterizedby the presence
of upscatter. In addition, thermalassembliesare often stronglyheterogeneous
becauseof high absorptioncrosssections. Thermalupscattercross sectionsare
available on some of the MATXS libraries(see Section V), aod the heterogetw
ity is usuallytreatedby finqpup structuresand/or heterogeneousedf”shielding
methods.

SampleProblem9. HomogenizedThermalCriticalAssembly

TEST9 -- OWL-1 BE9cmARK
0101110300
69 2 93 20 40 1 1 7 1 0
OLOP
GLOP300. i . i 34.696/
1 1 El .oee228 SW
1 1 016 .033734 Pttw
1 1 a14 1.869E-4 ?M!ll/
Z 1 U234 6.28S-7 ~
1 1 U23s 4.80468-6 PB66/
1 1 U236 1.3W-7 m
1 1 U230 2.$07E-6 FR88/
CHI

This berdmark is modeledas an homogeneoussphereof tmnyl nitratein water
~jthout ~ ~ontdnerC17It ja jmPrtmt tOUSe a MATXS~brw lf~ o= of the

69-groupIibrarieathat hasboth upscattercrosssections and sdf-shiddingfactors.
Note that 20 upscatter groups are allowed, fora total table lengthof 4+69+20 =
93 groups.Udng40 thermalgroupsgivesa tbermakcatoflof260eV; that is. there
is no ttpscatterto groups ●bove this energy. The self=shieldttgtreatmentacconnts
for the mixture effects and the possibility of escape from the sphere (the mean



‘hble !i: Moderatormaterialson the E?4DF/B-VIthermaldata files.
Thenameain parenthesesgive the bindingstate for thcprincipaJscat-
terer. Forexample,Cin graphite,ori finwater.The MATXSnamesam
basedon this bindingcondition.Elastic scatteringcan be eithcrcohcrent
(coh)or incoherent[;cI). Ineithercase, the MATXSnameis constructed
by appendinga dollarsign ($). The last columngives the appropriate
treatmentto use forthe secondaryatom, if any (see text).

Material MATXS Elastic Secondary
Name Name ?reatment Treatment
Be
BeO
C(graphite)
C(polyethyhme)
Cl&
D(D20)
H(H~o)
Zr(ZrHJ
H(ZrHn)

BE coh
BEO coh nanc
GRAPH coh
POLY iel freec
C!6H6 none
D20 freeO
}120 freeO
ZRH icl H(zr)l”)
zRli id Zr{ZrM.)

chordlength is 34.595cm). Free-gasthermalscatteringis used for all materials
except hydrogen,whichis boundin water.

Most ErJDF/11-V1thermalevahations give the scatteringfroman atom as
boundin a moleculeor crystallattice, and the effectsof the difiixent●toms in a

mo!eculemustbecombinedinTRANSXto obtainthe net thermalscatteringcross
sections. As an example,waterin the samp)eproblemaboveis a combinationof
H houndin H20 and fr-gas oxygen. However,some I?lUDF/lJevaluationsgive
the scatteringforthe entiremoleculein the tabulationfor the principalscatterer.
In these cases, the thermalcrosssectionsare renormalizedto be used with the
principalscatter. The TRANSX user must he carefulnot to include free-gas
scatteringforthe secondaryatoms. Tab!e3 lists the thermalevahationsavailable
in ENDF/B-Vl andindicateswhichtreatmentof secondaryatomswasused. This
tablealso indicatmwhichevaluationsrquire bothinelasticandehstic parts. The
cl-tic names(whethercoherentor incoherent)areobtainedby●ppendinga dollar
sign ($) to the namesgiven.

As examples,the TRANSXrnateridspecificationsh graphite,berylliumox=
ide, methane,and ZrHmighttake the f-

1 1 C9At 1. G8AP8 6BA?#/
2 2 We 1. em MW
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2 2 Ote 1. MOW
3 3 11 6. cow
3 3 cnAT 6. EoBE/
4 4 ml 1. ZR3 Znw
4 4 Za i. Zas zK3$/

Forself-shieldingproblemlikethisone,it innecemry 10definea mixturein or=
dcrto calculate the O. values. ){owcver,the useroften needs the “constituent” self.
shielded microscopiccross sections forsuchapplicationsas concentrationsearches
or depletioncalculations.These constituentscan be requestedby definingaddi-
tionaloutputmixesandbyusingmixspecificationscontainingthe keywords“CC”
(for cell constituent)or WC” (for regioncousltuent). Sampleproblem9 would
become

69 2 93 20 40 8 i :4 1 0
GLOP S1 016 S14 U234
U236 U236 U238
.
.
.
1 1 U239 2.807 ~-6 F32w
2 1 91 1. ccl
3 1 016 1. ccl
.

.
8 1 U239 1. ccl
STOP

The entry “CC”tells the code to use the microscopiccrocssection that was
addedint t the mix by the normaimix specification for this materiaiaad regioa.
(The “CC”and “RC”commandsarequivalent fora homogeneouscase like this
one.) The transportcodenowhasthechoiceof usingthe mac~opic c- section
or remixingusingthe micros.Ifthedensitiesin●mxerttratiotrsearcb~ to vary
enoughto chang:‘he self-shielding,it mightbe ~ to repeattk TRMsx
calculationforthe newmix.

SampieProblem10.TRX.1 by Regions

TEST10--
0601
69 2 96
PUSLclAO
FueL 300

‘YU-l 83GI08S
210300

20 40 3 3 6 4 3

.76802 3 1.16 1. 16/
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CLAD300 ,280861 -3/
HOD300 1.78480 -3/
1 1 U235 6.263 E-4 FaEE/
1 1 U238 4.720SE-2 FREE/
2 2 AL27 6. 1728E-2 FREE/
3 3 ltl 6.676E-2 820/
3 3 010 3.3381i-2 =/
CEI F238 F235 C238
2 W70T 1 U238
3 ~= 1 U236
4 BG ! U238
smP

The TRX-lthermaJbcnchmark23isahcxagonal latticcofaluminium-c)adpinsof
cnrichcd-uranium in water. The heterogeneityoption IHET=3is used to compute
the Dancoffcorrectionsforan infinitehexagonallattice. A69.grouplibraryisused

becauseit containsthermalscatteringmatrices. Note that freegas scattcringis
calledup for mostof the materials,btit the croussectionsfor hydrogenin water
are used for Iii. Using40 thermalgroupsgives a cutoffat 2.60 cV. Upscattcris
limitedto 20 groups;anylargerenergygainswouldbe truncatedso as to prescrvv
the scatteringcross-section.The table lengthis 20+69+3+4, so all down~catter

groupswill be kept.

The output P1 crosssectionsare writtenin grouporderingon a file in GOXS
format. which can be read directly by the ONEDANTS~ code if its name is
changedto MACIUS.Anothercopyof this file must aho be madewith the name
SMXEDTfor use by the ONEDANTedit module. The ONEDANTinput for this
case follow’s:

1
TAX-1ISF1817E LA’17ZCECSLL- 69 GMUPS- ESDF/B-VI
DIHE3S=2 69 8 3 3 3 440 T
XJWSB=o. .4916 .6042 .6763 .8482 X13TS= 173 3 17
Z03ES= i O 23 T
LIE= HACRXST
ASSIGBS llATLS ‘T
smIB” 1 ~ 003 so~~= 1 0 ~ 0000 1 so~= 1. T
RmFLx= 1 T

Note that no mixingis done in ONIWANTbecame the MACRXSfilealreadycon-
tains the appropriatemacroscopiccrosssectionsfor the two regions.The two key

statementsareLIB4ACRXSand ASS1(M=MATLS.When the flux calculation is com-

plete, ONEDANTwritesa flux file thatcanbe usedaainputto a secondTRA?4SX
run. The IUJWLXfile is a nonstandardCCCCfile for[egular~ne momentsflux
(see SectionIV).



ale Problem11.TRX1 InfiniteLatticecell

TE6T 11 -- TM-l 18F. LATrIcECELL
O 6 0 i 2 1 0 3 69 3
2 2 10 40 1 1 3 6 4 3
c&LL
~~ 300 .76892 3 1.16 1.16/
CLAD300 .28086 -3/
MOD300 1.78489 -3/
~ A U23S 6.2S3E-4 FRl!E/
I 1 U238 4.7206E-2 FB8E/
1 2 AL27 6.1728E-2 EWE/
1 3 El 6.670%-2 020/
1 3 016 3.3388-2 =/
CEI F238 F235 C230
2 W70T 1 U238
3 ~no’r i U236
4 M i U230
46 241
STOP*

Thcentircself-shicldingcalcuiationisrepeated,butthistimeeverythingis homog=
enizedintoIHIX=lusingthegivenvolumesandthecomputedtegionfluxmoments
fromthe R2WLXfile. Note that the rssu!tsare collapsedinto two groups. The
resultingbreakpointwill be at 0.625 eV so that the responseedits can be used
to calculatethe epithermal-to”thermalratios ttmtallyquoted fm thermal critical
assemblies. These twegroup cross sectionscould also be used to calculate the
net leakagefromthe system using● twodimeluionalllZ transportade, thereby
determiningwhetherthe basicc-section set givesa multiplicationclosato crit-
icat.
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IV. INTERFACE FILES

TRANSX uscs interface tNes for cross-sectioninput, flux input, and cross-
sectionoutput. Some of the output files aresimplecard-imagefiles,but the inter-
facefilc~~sfol]owthe patternof the CCCCinterfacefiles.

A. The MATXS Generalized Crose-!3cction File

The standardCCCCfiles,KOTXS, IIRKOXS,GRUPXS,DLAYXS,and

ISOGXS,have a number of shortcomings that Ilave n*ade them difficult to use
outside of the fast-reactorcommunitywherethey we:e developed. ISOTXSis
limited to a particularsetof reactionsthat is inadequateat the higherenergy
fo~lndin (Ugjonproblems; it does not allow for such importantsupplementary
informationas heating(KERMA)and damageenergycross sections,and it does
not allowfor the partialcrosssectionsneededforsen~itivityanalysis. BRKOXS
doesn’tprovideforscdf-shieldedgroup-to-groupscatteringcrosssections. ISOGXS
h= thesameproblemsu ISOTXS.Thereis noformatfordelayedphotonsordecay
heat. Thesefilesusedifferentformatsto representdata that are basicallysimilar,
so the overheadof codingrequiredto use thcmis high.

The MATXSformatwasdesignedto generalizeand simplifythe existingtiles.
The firstdesignprinciplewasthat all ittformationwouldbe identifiedusinglists of
}Iollerithnames.Asanexample,if the list of reactionsincludedin the filecontains
entriessuchasEF,MC,and#211,it is trivialto addadditionalreactionssuchasKEltM
o; DPA.The second&sigr~principlewaMthat the file wouldbe designedto hold
sets of vectorsaridrectangularmatricesand that the same formatwouldbe used
regardlessof the contentsof the vectorsand matrices.As a consequence,once a
codeis ableto handlen.-n matrices,it canalsohandle7-7 data;once●codecan
handley~n, it canalsohandlen.-?,fl~n, orevenp-d. It wasoriginallydecided
to dividethe fileinto “datatypes”identified by its inputandoutput particks. As
anexample,?-n is a datatypecharacterizedbyinputpartickeqttalsneutronand
output particleequalsphoton. The matricescontaincrosssectionsfor producing
photonsin photongroupn~dueto reactionsof neutronsin groupnm.The vectors,
if any,wouldccmtaisphotonproductioncrosssectionsversusneutrongroup.Then,
eachdata type wiMdividedinto materialsandsubmaterizds.A materialmightbe
a p~-ticularisotope or mixture(e.g., U23S or SS3Q4). Eachsubmaterialcould
then repr:~nt a particulartemperatureand backgroundcroessectionin a basic
library,or perhapsa particularregionf~- a reactor. Startingwith NJOY91.0,
this organizationwas changed to havethe rnaterid as theoutermostloop. Eacb
materialwasthendividedintosttbmaterials,whereeachsubmatetialcotddbelong
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Name Definition
n Neutron
G Photon(gammaor x-ray)
P Proton
D Deuteron
T Triton
n 3Ne
A Alpha(4He)

ParticletypesdefinedforcurrentMATXSlibraries.

to a givendata type and havea giventemperatureand backgroundcrosssection.
This organizationmakesit mucheasierto add, delete, or extract materialsfrom
hfATXS files. The MATXSlibraryformat that resultedfrom followingthese
generalprinciplesis describedin AppendixB. The standardCCCCformis used.

As in all CCCC-typefiles,a MATXSlibrarystartswith a 91u identification
recordthat gives the nameof the file, a user identificationstring, and a version
number.This is followedby the fklecontrol record; hereIIPARTrefers to the list

of partic!es found in the file(z.g., U,G,B);eachparticlehasits owndictinctivegroup
structure.MTYPEis the countof datatype names,andNIOLLis the countof words
in a generaldescriptionof the contentsof the file, processingmethods,accuracy
criteria,and so on. MNATis the numberof materialsgiven in the library. ltAltU
is the maximumsize of a recordto be foundin the file. h helps in establishing
storage requirements.Finally,LE6GYUgivesthe total numberof recordsin the
library.

The file data record givesthe particleanddata type names(seeTables4 ●nd
5), the namesof the materials,andthe numbe:of groapsforeach particle.It also
characterizeseachdata type by identifyingits inputandoutput particles.?hIly,
it gives the numberof submaterialsforeach materialand the ~ vector. The
LOCHvectormakesit easy to skip directlyto a desiredmaterialwithout reading
all the interveningdata.

Eachmaterialstarts with a material control record, whichgivesthe name
of the materialand inkwmatiocon the submaterials.ChIceagain,it is poesibleto
jumpdirectlyto a desiredmtbmaterialby usingthe LOCSvator.

The first rewd for each submaterialis the vector coatrd record. The
vectordata arcorganizedby reactionswith iioflerithnames(IIVPS).TOkeepthe
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Name De6nition
MSCAT Neutronscatting
GSCh’T Photonscattering
NC Photonproduction
NTHERMThermalneutronscattering
PSCAT Protonscattering
PM Proton-to.neutronmatrix
llP Nculron.tmprotonmatrix
. . . Ctc.

‘hble 6: Ikttat}.pcsMined forcurrentMATXSlibraries.

maximumrcmwdsize reasonable.the vectorsran bc givenin severalblocks; each

vector is taken to bc norwmo only betweenthe given kimits(HFG, NM). Thus,
cxccss zeroesa w omitted for thresholdrcwtions or for reactionswith no high”
energygroupssuch as thermalscattering.Anyreactionthat can b namedcan be
stormiin hffwxs.

Thr convention used for naming most reactions is c!carfrom&heexamplein
J\ppcndix}1(e.g., W MA.or N2N).ThesymbolsMUIO,WTl, MTOTO,andMTOTIrefer
to the IIux.and current-weightedcomponentsof the libraryweightfunctionand
the neutron total cross section. Fission may be split into the partial reactions H?,

MIF,and H211F;in any case, WT07 is the total fission reaction. Discrete-inelastic

scattering in END}”is dmotvd by the IcvelplusSO;thus, .MT5iis (n, nj). On the
MATXSlibrary,this is giww w tiO1.If the Icvcldecaysby particleemission,the
particle idc .tificrs are tacked m afterthe numbct(e.g., S62DAA].Emissionof 311e
is denoted by H.

The neutronfilmatsocontainsomespecialquantities.HEATand DAMEare the
local heat productionand damagewtcrgyproductioncroassections. MUBAR,XI,
GAHHAarc the continuous slowing.down parameters.IWilLis the groupaveraged
reciprocalvelocity. Finally,MUDand cHIDare for delayedfissionas describedin
sec. If-n,

In th~ tt,mnal data type, rrac;ionnamesi.fentifythe bi-idingcondition;PltZE
forfreegas, H20forlight water,D20forheavywater,POLYforpolyethylene,BESZ
forbenzene,GRAPHfmgraphite,ZRINDforzirconium,and~EGfor berylliumoxide.
The elastic partis distinguishedfromthe indastic part by a $ sigwon the end of
the name.
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h the photoo interactiondata type, the mclions arc C~O, OTO’TO,CHEAT,
and GDAltEanalogousto the neutron names,GCOllfor coherentscattering,CIMCH
for incoherentscattering,GPAXltfor pair production,and GABSfor photoelectric

absorp.:~c.

After the vectorblockscomesthe matrixcontrolrecord. TtIcrcprcserttatic~
usedforcrass-sectiondata insimilarto ISOTXSin that it packsthe dataas bands
of sourcegroups that scatterintoeachgivensink (final)group.

The matrixnames used in the curfcnt libraries are the same as for the torte.

spending vectors. All the partialscatteringmatricesare kept separatefor max-
imumflexibility. if groupsof these partialmatriceswere to be combinedby an
auxiliaryprogram,ncwnameswouldhaveto bc definedsuckas TOTALor ItiELAS.

Summarydescriptionsof severalexisting MATXSlibrarieswill bc foundin
SectionV. These librarieswerederivedfromENDF/WV and ENDF/U-Vl; they
use neutrongroupstructureswith30 to 187groupsandphotonstructureswith 12
or 24 groups.

1?. RTFLUX, RZFLUX, RMFLUX, and RZMFLX F’ka

Fourdifkent flux input files arc a$lowed. RTFLUXis a CC(X! standard
interfacefile25for ~egularlotal ~, whichis normallyused to give the 7,Jflux
by fine meshinterval. TRANSXuses it as if it containedregionor coarsemesh
fluxes;if only one region is defined, RTFLIJXis a handyway to passcentrafftnx

into TRANSXfroma CCCCstandardcok RZFLUXis a zimilarCCCCfiic for
~egular~ne ●veragedb.

What TRANSX really needs arc the PO. Pi,... moments M the flux given by

coarse mesh @cms. Mowevee,as all SN codes have~, ~t, ... availablefromthe
calculationof the sourceterm,the momentscanb: made avai}ableforoutput in a

momentsfiuxfile.TheONEDAPiTandTWODAN’I’codesnowhavethecapability
gowritethe R.MFLUX(zegular~oment ~) filebyfinemah or RZMFLX(BUUJW

~ne averaged~ment flux) by coarsemesh. The formatof these non~staadard
CCCCfilesis the same●nd is givenin AppendixE.

It shouldbe notedthatorderingof the fluxmomentsbecomes morecornpkxfor
cylindricalor two=angleplanegeometrywhen the associatedLegendrefunctions
appearin the fbrmulas.A good discussionof the orderingusedin the LosAkrm
transport codes appears ia the OW’IRAN report.26TRANSXshocld be limited
to PI sets forthesec-.
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C. CARD 8E12 Format

‘1’hirnis a simplematerial-orderedcard f.vmat that
transportand difiusioncodet. The ?“,Jul file starts

can be readby aJmoct all

with * block for the first
i eqq,dreorderof the first materiaj, thengives the secondorder,:hirdorder,and
M on. The fiIe then continues with the M ordmof the second material,elc,,
until all the data blockshavebeenwritten.

Eachhlockstartswitha simpleheadercardthat givesthe materialname,Leg-
rmdreorder,table length,rmdnumberof groups. The data are then given using
a 6E12..5formatstarting w’ithposition 1 of finalgroup 1, poeition2, position3,
..., up to positionHA3Lof the firstgroup. The data then continuewith all th.
positionsfor the secondgroup,●tc., until the blockis completmEachblockcon-
tains ETABLxMGRGUPwords,six perline,with a sequencenumberon eachline, An
exampleof this format is given with the SampleProblem1output in AppendixA.

D. CLAW-Format

This is also a materiahordercdformatverysimilarto ICW=l. The MED+3edit
positionsare writtenout in a separateresponseedit blockwith its own header
card containingthe nameof the materialand the word“UIT3.WAll the groups
forpositit~.i1 arewrittenfirstin GE1?.5format.A reactionidentifier●ndsequence
numberare addedto each cardin columns73-80. The same processis followed
for the restof the edits. The firstIIEDpositionsare thertremovedfor●ach group
of the scatteringblocks,aridthe blocksare writtenout using6E12.5cards. Each
cardhas its Legendreorderanda sequencenumberin cohmns 73-80,

The edit tablesareveryeasy to accesswitha texteditor in W form,attdthe
positionsreservedforeditein the high-ordertableshavebeenremovedforeumomy
in tran~portcodestorage.

E. FIDO Output

The transporttablesfor16UT.i ●nd2 areusuallymote thanhalfzeroes,This
waste of wotdson :he input filecan be reducedby using FIDOformatin which
a groupof N zcrom is replacedby one entry that says ‘repeat zero N times”.
TIU~SX uses fixed.field [“II)(),whichdividesa 12=columnfieldinto ● 3-column
partand a 9.colu.nnfieldwithouta decimalor an E (e.g., 1234S67-6is 1.234S67).
A negativenumberor ● numberwith a twodigit exponentfield●nds up with less
precision.Toobtainthe repeatoption,%nR”is ptttinto the 3=colutrtnfieIdwhere
nnis the numberof timesthat the numberin the fieldfo!lowingRis to be repeated.
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A table is terminatedby an entry withTin column3 of the 12-columnfie)dand
everyothercolumnis blank.

The materialsandscatteringblocksarewrittenin thesameorderas forXOUTS1,
and a headercardi~ providedforeachMock.The tablesare muchmorecompact
but harderto read. Some FIDC)processorsare muchmoreelaboratethan this
one, but TRANSXusesonly the R and T options.

F. ANISN Output

Therehaabeen a long traditionin whichORNLcodes wrotethe sourcetctm
of l.+ (1) as shown,but Los Alamoscodeskepta factorof (2/+1) explicit in the
sum. The only differencehctwecnthe FIDOand ANISNoptionsis that ANISN
tabka includethe (2(+1) appropriatefor ORNLcodes and FIDOtables leave it
out, as requiredby the ImsAlanm coda. Moderncodes like ONEDANToften
have options to readeither type of table. An easy way to distinguishbetween
themis to lookat the scatteringmatrix!br● high-energygroupwithalmostdek
functionforwardscattering. LosAlamoetableswill have Po~P1~P2~P3.... The
higherorderswill tend to gmw forORNLtables.

G. ISOTXS Output

As pointedout above,the ISOTXSformathaasomeshortcomingsas a general
libraryformat;howeve:, it is well suited aa an output format fromTRANSX
becausemanycodes can use it as input. Forthe convenienceof the TRANSX
user,the LSOTXSformatspecification70 is reproducedin AppendixF.

WhenselectingISOTXSoutput, the edit names can be S’TRPL,SWAM,SFIS,

CHISO,SJIALF,S#P, SM2H,SND,or SIIT.The firstand secondmust be present(TM
and IIG,respectively),and SFIS must be present(ifBot zero) to allowGto be
calculatedfromVUI.‘l’heothersareopt”wnal.As aa exampk,

$ IOUT=6, BSD=9,SEDS=o
. . .
~xUJ -L S#G~ SFIS
SBAWS8P Sm SW
1 Csr/
2 TM/
3 w
4sPTur/
6 #W
e w
7 8PI
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8 W
9 8T/
. . . .

The ordering of the names is not important. Note that the edit specifica-

tions for SiiDcould load HEATor DAM into the t.orreapondlng position rather

than the (n, d) cross section. This kindof trickmust be used with care because
some SN codes may calculatetheir particlebalance-absorptionedit fromSllGAJt
•SPIS~SHALFtSMF~SMD~SKT-SIi2H.A separatevectorchi is computedforeachiso-
tope with fissio~, but no set chi vectoror matrixis provided.

l’hc output coding produces a total scatteringmatrixonly. It uses the option
in which a different “block”is used far each Legemireorder. Subblocking is not

used. so the scattering blocks eachconsistof a single record containingall source
and sink groups for that cwdcr. No attempt is made to take fulladvantageof JBAED

anti IJJ to rmuowzeroes.but the matricesaretrianguiarizedandtruncatedusing
?tAXUPand HAXDNfor some savingsin output filesize.

The parametersAMASS

Ii. GOXS Output

throughKBRin the isotoperxmtrolrecordareset to zero.

As pointed out in Section11,grouporderingis the natura!organizationof the
cross sections in an S~ code. Using a group.otderediibraryfile saves the time
requiredto flipthe data frommaterialto groupordering,andit ailowriargegroup
structure to be used.

The GOXS [pronouncecigo-ex.ess) file is describedin AppendixG. St was

designed as a CCCC-compatiblebinaryfile to providean efficientinternalcross-
.sectionrcprmentationfm any Sy code. It is compatiblewith the MACRXSfile
usmiin OX}:I)ANT and TWODANT.

Like MATXS,the COXS format uses }ioilerithnamesformaterialsand vector

cross sections. Thus, the number and types of response-functionedits that can
be inciudedarcessentialityunlimited. Also, the availabilityof uarnesformaterials
and reactionsenablesthe codedesignerto producea veryreadablepriatedoutptst.

As noted prcviousiy,most of the vectorcrosssectionsare not neededduring
the fluxcaictr!ationbut only at the end of the job whenresponsesarecomputed.
If the transportcodebeingusedht~fiucha p-t-edit capability,the TRANS)( user
can runa separateedit pb as in $arnp]eProblem4, andthe ~OXS outputcoding
willpreparea shortfiiewithnoscatteringtables. This fiie is the;icompatible with
the SNX}ll)T fi;c IJ.wI by the EDITmoduleof ONEDANTand TWODANT.
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Scattcrir~gmatricez on GOXS are packedusing“bands”aa in ISOTXS to min-

imize the numberof zeroeson the file. (t is also advantageousto minimizethe
number of zeroesin the memory regionwhere crosszectionsare stored. “l”hesame

JJMD and liJ arrayscan be used to packthe scatteringdata into memory,if

desired. Thus, COXSis just an imageof the internaldata representationof the
transportcodegivingmaxiumumefficiencyin data transmission.ON EI)ANT and

TWODANTuse this featureof GOXS.

No card-orientedgrouporderedformatis provid~ because (1) rJode fbcto
standardsuchas FIDOexists, and(2) it makesmoresenseto convertthe existing
Su codes to readGoxs.
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V. SOME MATXS LIBRARIES

MATXSlibrariesare producedfromevaluatednucleardata in the ENDF/B
formatusing the NJOYnucleardata processingsystem.12,13.14.15 As of ver.

sion 2.0,the preferredlibrariesforTRANSXarehasedon ENf)F/B-VI.Mowever,
twvera!older libraries based on ENDF/il-V have been converted to the current

v4!rSi(Jnof the MATXSformatalso.

A. MATXS1O

This is a Iihrary with 30 nentrongtoupsand 12 photongroups(30x 12) that
indmlm 117n:atcrialsfromENDF/ll. Vl. Photonproductionand photoninterac.
tion are included,M self-shieldingisn’t. The Legendreorderfor the scattering
matrirmis Pd. The tnat-rialsar~xiwn at a temperatureof 300 K. A completelist
of materials and roactirmsinrlwhv! can he ohtairwdfroman INDEXof the library
(a partiallisting of this index will !m found in Appendix !1).

MATXSIOwaspreparedwith a funion+ fiseion+ l/E+ thermalMacweIlian
weight function. It is usefulfor many high-energycalculations,includingcriti-
cals suchas GODIVA.It workssurprisinglywell formanyshieldingproblemsfor
whichresonanceself-shieldingis not too important.The libraryis compact,and
TRANSXrunsusuallyrequireonly a fewsecondson a fast computer.

B. MATXS6

This libraryis similarto MATXS1O,except that it wasgeneratedfrem
ENDF/B-V. It includesneutrondata for 100materials(including13 Dosimetry
isotops), photcnproductionfor65 materials,andphotoninteractioncrosssactioru
for 87 elements. Sevetal special Las Alamosevaluationsand a lumped fission
product from the ‘.VestinghoweHanfordEngimerhtgDevdopment Laboratory

(HEDL)arealso included.See the INDEXfot rnoradetails.

C. MA’Z’XSI1

This is an 80 x 24 libraryfromEIUl)F/B=VIintendedflx fast-reactorartalyds.
However,the groupstructureand wtight fttuctiottused also make MATXS1la ,
reasonable choiceforfusionstudiesand shieldingcalculations.

This libraryfeaturesextensiveself-shiddd crowsectionsforthe temperatures
300,400,600,800,1200, 1600,2000,3fHM,aad 4f100K. Backgrounderas sections
nry frominfinitydownto a hwr limit that dependson the normalapplications
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(J[ the materials, The bgatdre orderis Pb for both neutronsand photons. See
the INDEXfora completelist.

The 24-groupphotonstructureis muchbetterthan the 12-groupstructurefor
low photon energies and for energiesaroundthe annihilationpeak●t 0.5 MeV.It
atsodocsa betterpb of describingthe high”energy“shoulder”of capturegammas

in somesystems. This can be importantforheatingcalculaticms.

MATXSis more expensiveto use than the 30 x 12 Iihraries,but it is capable
of givinggood resultsfora widerrangeof problems.

D. MATXS6

This 80 x 24 library is similar to MATXS11,except that it was preparedfrom
ENDF/Il”V.Thele are 148materials,including72 with photonproduction.

E. MATXS12

This is a 69 x 24 libraryfromENDF/B”V1forlight-water-reactorproblems.It
includesself”shieldedcrosssectionsforthe importantactinides.Thermalscatter”
ing data are given for ail the materials, with bouttdscatteringfor the importaat
moderators.The group structurehas42 therntdgroupsextendingup to ● (XleV.

F. MATXS7

This is also a 69 x 24 library,but it is bad on ENDF/B-V. There are 1!8

materials, including the most important fission products. Photon productionis
included for42 materials.

G. MATXS13

The MATXS13libraryhas 187 neutrongroupsand 24 photongroupsfor a
limited numberof materialsuseful for shieldingproblems. It includesneutron
data, photondata, thermaldata, andself-shieldingdata in one unifiedpackage.

The photon data are the same as in hfATXSll, bat t!te increasedneutron

accur~.yleadsto bettercalculationsof capture,hencebetterphotonspectra.

The thermaistructureincludes55 groupsbelow 4.4S eV, therebyproviding
betterresolutionaroundthe l“eV2@Puresonanceand moreaccuracy●t ●nergies
below 0.0253 eV. The fiae epithermalgroupstmctum tracks the slowingdown
of neutronsbetter than the coarsegroupsof MATXS12.As morematerialeare
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addedto this library,it will becomean accurategeneralpurpoMtod for thermal
problems.

F“inaNy,for high-energy problems, the thermalgroupacan be colJapsedout.

The result wili sti!l have a finergroupstructurethan MATXS1Oor MATXSI1,
and ic can be usedto attackdifficultproblemsthat do aot seemto convergewith
the ~implerlibraries.

H. MATXS8

This )ibraryis similarto MATXS130except that it wasprocessedfrom
ENDF/B-V.Itis an 80group librarykmfast-reactor●ndfasloa-rwtor problems.

.
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VI. PRO(3RAMMH$JGDETAILS

A. Version Control

TRJ\NSX is maintained usingthe WI) code,~ whichis similarin conceptto
the UPDATEcodeusedon CrayandCDCsystems. It k=ps a historyof changesto

a computercode that is very ‘sefulas partof a QualityAssurance(QA) program
lbwevcr, UPD is muchsimpler than UPDATE,therebyfacilitatingtransportfrom
systemto system. This transportabilityis very!mportant,becauseit ensuresthat
onc set of “updates”willproducethe samecode forcompilationon all the target
systcms. With other systcmsused in the past, modificationssometimesbehaved
differentlyon difierentsystems.

UPD readstwo files. The file named SRCcontainsthe baseversionof thesource

code for the program.This filecan be brokenup into separatelymmed sections
with %DECI( name”cards. }Iowever, TRANSXuses only the single deck named
7RANSX.” For simplicity, there is no counterpart to the binary ‘program library”
used in the UPDATEsystem. The secondfile is calledUPII,and it containsthe
commands to modifythe basesourcefileintoa compilerinputfile forthe current

version.

The followingexample illustratesthe featuresof he UPSfile neededformain=
tainingthe TRANSX code:

●cpL
●W
•ID~f Upl
,/ 6 JAa 92 -- IKBEASS S128 OP NUB COBTAIB8BMM?
●D ~fls: , 182

DIHXSSIOSA(6owoo)
●DTXMSX.222

aAHAx=MooOo
●ID~ v-
●/ VEXSI08UPDATEPOBT8NSX
●D ~Bs#. 12
c VE8S.2.1 (6 JAB 92)
●D ~~5:.21@

DATAVERS/” WM. 2.1 (0 JU 92)’/
●Iom Uszcos
●✏

●✏
●✏

●✏
●✏

e

..--. ---. ---.. .-. -.-. .--.. -.-....... --. -..—---

MACUIM-DEPESDWTCBASCESTO TSASSX
ma cRAY-xJtP nAcsxms twa U81- 47 m maos
.------- .---.---.-.......-...--.---0.- .-.-n-

ELA?sm I’xmx
TRA9SX.ZS06

CALL Swolo(Txm)
DATZ
TMmx.zsn
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CALLDATE(EDATB)
●/ uALLcLocK TI#8
@DTRMSX.3826

CALLCLUCK(ETIHE)

Thefirstlineof thisexamplegivesthecommandCPL,whichcauses a compilerinput

file named CPLto be written containingthe updatedprogram.The commandMT
causesa listingfile namedMTto be written. These listing filesare a littloeasier
to mad than normal CPLfiles.

The firstset of changesbeginswith the card●IDZMTUP1.The modifiedlines
on the CPLor LST files will contain labels likeUPS.2, UPl.3, etc. Th;~particular
“ident” changestwo lines in order to increasethe sizeof the maincontainerarray.

The symbol‘~1” introducesa commentline. It h very important ftx QA purposes
to include comments in each identthat describethe purposeof the change. it is
also veryimportantthat ●ach changebe datd as shown.

The next ident updates the version label on the code listing and the version
string that is written to everyTRANSXlisting fik. The numberingconvention
used for TRANSX is suggestedby this example. Including an ident calkd UPl

increments the TRANSX versionto 2.1; UP2wouldgive2.2; and- on. Note that
the date from the last ident is transferred to ident-. This schemewillbe wed
forall “official”changesto TRANSX.Users●refmeto makeprivatechangesusing
theirown specialident names.

The third ident implements someutacldaedependentchangee.These changes
will be discussedbelow.

The generalformagfor tbe deletecommandis

!f “,lho2s is omitted, line2 is taken to be the sameas linal. The actualvalues

forthe line referencescan refer to linesin the basecode (e.g., TRAUSX.234)or to
changedlines{e.g., WI. 2). In general, any he label tbat appearson the current
CPL or LST file can be used. Tk dekte commanduasee the mngeoflinennamed
to tJCremoved,and any textfollowingthe commandis insertedat tbat point in
the file. The insert command has the form

●1 Iia.1

Any text following the commandk herted ●fterthe namedline. Thereis also ●

“before”command:



that causes{he following linesto he insertedbeforethe named line. Other features

of the tJPl) code and moredetailson its usc will be foundin the UPD report.

B. Code Conversion

‘1’RANSXis designedtobc convertedeasilybetw=n long-wordmachines(CDC,
CRAY)andshort-wordmachinm(IBM,VAX,Sun). All Molicritk variables begin

with the letter ‘H” and can be definedto be double-precisionwith a statement

like IMPLICIT REAL@8(H). Expressionsforthe lengthsof arraysand pointersfor

the startinglocationsof arraysall usc the parameterHULT,whichis set equalto 1
if the machinewordcan Contaili 8 or morecharactersand 2 if not (an 113Mword
contains 4 characters). The input routine FREEcontains a machinedepcndent

variable MACHUDfor the number of char=ters per machineword(HACHUD=10 ‘or

CD(;, 8 for CRAY,and 4 forHlht, VAX, or Sun).

hfostof ;hc changesrequiredtogo backandforthbetweenshort-wordandJong-
wordmachinesarecarriedout automat”kallyuaingthe conditionalcapabilitiesof
the UPD code. As an example,

●IQ Su
IMPLICITREAL08(B)

●ME
XttPLICITISTUCSR(S)

●gmxp

The useronly has to be sureto includethe Iifie“@S~ SW”in the UPMinput file
for the UPD run(put it beforethe first“ident”).

After these changeshave been made, there may still be some incompatible

systcm cah connected with inputloutput, CP time. date, clock time, and fatal
errorhandling. Fatalerrorsuse subroutineI!RittlR,whichcan often be adapted
to providetrace backinformationof to leavea “dropfile” for later analysisby
an on-linedebuggingcode. I“hcsubroutine71= is used to obtain elapsedCP
timein seconds.DATERis used tc obtain ● date stting (whichcan be formattedin
differentwaytias iong as it containsonly 8 characters; examples are ‘rnm/dd/yy,”
“dd/mm/yy,” or “ddmmmyy”).UCLOCKis U4 to obtain the wall clock time;
that is, the timeof dayforthe TRANS.Xrun. UPD identsare providedfor several

commonmachinesand operatingsystems.Thesedtxkscartdo be usedas starting
points in cmstructingthe updates rquired fbr other systems.

The problemsof input/outputhaveb alleviatedsmrtewbatby FORTRAN.
77, but someinstaller~maystill findincompatibilities.TRANSXuses the CCCC
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standard% ~tibroutine~SEgj(, ~~, an~lRIW. I,ocd optimized versj~nsnlaY h{’

available at installations that useexisting reactor.physicscodes. RITE is used to

write a binary record and is wry simple.REEDis usedto readbinaryrecords,hut
the reads may be nonconsecutive.AC Los Alamos, nonconsecutivereadsarc sup

porttvl wing forward and backward record skipping. OR somesystems[especially

VAX), it may b: more efficient to rewind andskip forwardratherthan to usethe

backspacecommaud. The SEEKroutine is used to connect external film by name

to logical unit numbers. The FORTRAN-77 version used in the CA shouldwork
formost systorns.

The Los AlamosCWI%Sversionof TRANSXusesthe programcardto wign ttw
input, output, and tty units, andthe FIWREPcaIlto cnabk re=signmcntof units
or the~xccutcIinc(e.g., trarmx input=toatl ,autput-outi). Somesystcmsmay
requireexplicitOPENstatementsforthesaunits.

C. Storage Allocatiort

TRAMM uses variabledimensioningand dynamicstorage aNocation for cf-

ficicnt usc of available memory. If insufkicnt mcmoryis available,pagingand
multiplepassesthroughthe libraryfileare used. This al!owsvery largetransport

sets to be produced, if necessary,at the ~xpenseof running time.

}’ormaterial ordering, the code detmnincs how many materials and Legcndrc

tablescan fit into the availablestorage. It thenmakesone pa~sthroughthe library
file, producesthe crowisectionsfor the firstset of materialsandorders,andwrites
thcm out on the output file. It then rewindsthe data file and repeatsthe entire
~Jr0cCS3for the secondsetof materialsand orders. This processcontinuesuntil

AR the desired materials have ken produced. The minimumset is one Lcgcndrc
orderand one material; if this does no: fit,grouporderingcan be used.

Forgroupordcr”ng,the code determineshowmanygroups(MGXAX)can fitin
memoryat one time. it then makesone paasthroughthe data file foreachset of
NCHAXg:oups,writingout the groupcroa sectionsafter●ach pass.

This pagingstrategy allowsTRANSXto baruncmsmallmachirwmif necessaty,
but if a large rncrnory is available, the code will runmuchmo~ec!lkicntly.Storage
is =signed to a single cnntaincrarrayAwithlfAltJJXwords(8AHAXis MJOOf10in the
LosAlamosCRAYversion).Theallocationcanbe changedeasiiyby changingthe
IWOstatementsDIME#SIOB A(300000) and UAl!AX~300000.

A similarschcrneis usedduringtherafculafiortofself”sbield!cgU. values.Cross
stxtion data are read in for groups JGLOto JGHI,the 80 valum ate cotnputd A
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printed,and the code repeatsthe processforthe next grouprange,JGLOto JGHI.

Partof the MA~Xwordsof storageis re-rved for readingthe recordsof b

MATXScrosssectionfileby the statementIlllMX4000. This thouldbe Aiicieot
forMATl(Sfib prepared with the default value of UA&W (-].

D. Dacriptiom of TRANSX

TRANSXbeginsby initializingHULT,the units for system input aad output
(5 and 6), the zcratchunit usedforself.shieldingdata (20), the storagesizes (see
Section V-C), aad the parameterX12, whichdeterminesthe maximumline length
forthe printedoutput file.

1. User Input Afterprinting● heading,TRANSXbeginsto readthe user’c
input. Most valuesare stcmd in \ariab!eswith the namegiven in the input in-
structions(e.g., IPRIMT,MTA8L)or in the containerarray4 usinga pointernamed
by prefixing L cothe name from the input instructions [e.g., IMIXvaluesarestored
at A(LIMIX*l), A(LINIX+2), efc.]. The exceptionis the heterogeneitydata 1~,
ClfOltD,etc., whichare packedin the containerarrayas they are read;the array
with pointerLIMETlocatesthe parametersforeachregionin the big array.

Severaiadditionalarraysaredelhed usingthe iaput U ~ poiats to an
arrayusedto checkwhetheranymaterialsrquested in themixspecificationswere
not foundon the library(sometimesthimmeansthat the name was dsspdd).

LGTA9pointsto an arraycontainingthecoarse-gZOUpitKkXtied fine-p that
is constructedfromthe slightlydifferentrepresentationused b input. IWIXRis
the “reaimix”index;it runsoverthe ~IM mixspecificationsthatarenot !hgged
as constituentcrosssectionswith the labels“CC”or ‘W. A relatedarrayis ICOSS,
which points to the “reaiwmixcommandfbreachcoastitueatmixcommand.The
numberand namesof the uniquematerialsfoundia the mix spaificationt are
also determined(see MUMIQandthe arrayWXIQstartbg at UWSIQ+l).The array

JHIScontains psintersto the uniquemateriaiforeachmixspecification(or zeroif
the materiaiis a constituent material), aad the array MUXcordains a counterthat
distinguishesbetweentric~.lhsequen!occurrencesof ●uniquematerialio the mix
specifications. Finaily,HAM 1~‘}~ Iargcat numberof times any unique material

occurs. h is used later fordimenstvfiul#the VW! and f91S azraya.

61



The XWarrayis used Iatcrto flagwhen the weightingflux for each particular

particle has been read in.

At this point, mcmory is allocatedfor the fluxarrays.The Legendrecompo
ncnteof the fine flux are storedasif they werein an array FFLtJI(finegroup, region,

order). Forno collapse,this arraystartsat LFLUZ+l.If collapseis requested,a

coarseflux array of the form CFLUX(coarsegroup, mix, order) starts at LPLtK+~,

and the fine-fluxarraystarts at he Iocation

LFLUX+BGROUPOSHIXS(SLMX+1).

The use of llLHAX+lordersprovidesforthe fluxmoments neededforinflowtrans-
port corrections.

If an input flux file h= beendefined,it is readfol!owingthe comment “READ
FLUX FROhfINTERFACEFILE.”If thereare fewerthan IIREGregionson the
inputfile, the lastregion is used to fillout the table. If thereare not IIL+l orders

on the file,the last orderis usedto fillout the table.

Ifself-shieldinghas been requ-ted, the appropriate backgroundcromsections
andself-shie:dingfactorsarecomputedbycallingsubroutineS1GZ6R.This roatine
uses temporarystoragedefined withrespectto the pointerLC.It writesits results
on the scratchtape HSS=8SCR.

Next, storage is allocatedfor the scratch●rrays. LCUORllpoints to the t-
td fissionneutronproductionu~ to normalizechi; that is. the denominatorof
Eq. (19). LPNUpoints to the arrayof promptfissionOvalues. LDMUand LDCHI
point to the delayed-fissiondata. LSYISis a pointer for the micr~opic infinitely

dilute fissioncross=tion of the currentmaterial. MM is used for the micm
scopic infinitelydilute capturecrosssect-ion.LFFISand LFGAMare used to store
the self-shieldedcrosssectionsforfissionand capture. LA6SCis a poin~ to the
arrayused to accumulatethe particle-balanceabsorptionby the direct method.
Andfinally,LTERPT!omtes the array of interpolationfactorsusedfortemperature
interpolation.

Next, thestorageaboveLCis allocated~r themxs=sectioatableosingdifferent
strategimfor materialand groupordering,as describedin the pmcediugsection.
The maximumnumbersof materials,orders,andgroapathat caa fit into memory
at one timearelllOUX,SLMAX,●nd 90HAX.The parametm MLO,111111,ILLO,IUtI,

J6L0, and J6111are USAtbrougboutthe code to &i& whichmatdals, orders,
and groupsget loadedinto the accumulatingcross-~tion array.
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2. Main Processing Loop The code is now readyto begin a pasJIthrough
the MATXSlibraryaccumulatingthe appropriatecross sections into the transport

table. This is done by calling subroutineMATXS. Whenthe subroutinereturns
controlto the TRANSX level, the accumulated cross sections forthe currentrange

of materials or groupsarereadyto be printedOU1or writtent~ :hc desiredoutput
file.

All the material-orderedoutputoptions are given first inaidea loop overoutput
mix and order(IltLflto IHH1.ILLOto ILHI).The transporttable in memoryis
storedstartingat LCas if it werean arrayC(position,order,material,group).
The “order”and “material” indicesare oftencollapsedinto the singlevariableJtt,
whichtakeson NJIWLMAX.MNAX vaiueo.The logic requiredto cxtract data from

the table is clearfromthe codingforprintedoutput. The CARD,CLAW.FIDO,
and ANISNoutput options use simplesubroutine to generatethe appropriate
output. The designof the UISOT routineis deecribedin SectionJV-G.Note that
TRANSXreactsto the specificedit namesdefinedforISOTXS(e.g., SNGA?I, SFIS,
SI12N,etc.) only. The pointersLLSFIS,LLSU~,etc., tell wherethe corresponding
crosssectionsareIocatmlin TRANSXmemory.The scatteringblocksarewritten
using the same fixed size for all materials;no attempt is made to squ~ out
additional Zeroes. On the prin[ed listing,thenumbersarearrangedas H12colurnns.
A programmercan ●asily changeJf12to makethe output look good ou either ●

terminalor a line printer.

The group-orderedoutput options are producednext inside ● loop over the
rangeof groupsin memory(JGLOto JGHI). Only printedand GOXSoutputs are
providedfor group ordering,but other output options could be added at ~his
point. The tables in memoryhave the formC(poeition,order,rnatetial,group)
startingst LC.The bgic neededto writethe tablesis fairlycleat fromthe coding
fbrprintedoutput. The GOXSoutput routineUGOXS writee out all the response

edits specifiedin the TRANSXinput,but they arcreorderedso that the firstfbur

vectors are always a-, as, iiat, and %.Tbe transportH sMtlonfordifiasion
TROis writtennext if ●bailable.The scatteringmatrix h packedto minimizethe
numberof zeroes written to the output fik.

After completingthe output fbr this rangeof materials. orders,●nd groups,
TRANSXloopsback to process the aext eet until all the rquestd tables b-

been produced. Final measqp are printed(includingthe M of materi* not
fmod fromLMHX),filesareclosed,aad ;tu job tcrrrtisates.



S, Reading the MATXSflle Whenthe RMA’TXSroutineisentered, th~ac-
cumulation arrays are zeroed, and the material loop is begun. The code checks

whether each material on the MATXS library is needed; if not, it skips it em

tirely. The LOCHarray and the randomaccesscapabilitknof iWD makethis fairly
efficient.

The MATXSmateriaicontrolrecordis readin to memoryat pointerL2,and
a new pointer L3 is defined. Note that the material controldata stays in memory

while this materialis being processed.A Ioopover all the submaterialsfor this

material is executed; that is, a loop over data type, temperature.and background
Uo. The first submateriaiin each data type is called the ‘base materiai.” By
scanning up fromeach base materiai,the list of MTEltPtemperatures~ for
this data type is obtained. On subsequentsteps of the loop, the currenttype,
temperature,andbackgroundcrosssectionareextracted(1’IWW!,7?!AT,MAT).AM
background cr- sectionsexcept infinity (1 .MO)areskipped in StMATXSbecause

the seif-shieldingcaicu)ation has aimadybeen performedin SIGZEJt.

Withthedatatype identified, the vaiuesthat dependon data type are assigned.

These vaiuesincludethe identityof the input particleand the numberof input
groups(JIM’P,BIMG),the identityof the the output particleand the numberof
output groups (JOUTP,801KG), and the offsets for shifting the data block in a

CCMl@ set (JC1,JC2).

With !he temperatureidentified, the appropriate interpolationweight for this
submateriaiis computed.This versionof TRANSXiimitsi:selfto linearinterpol-
ation.Becauseeach material may occurin severaldifferentmixtara or regions,the
interpolationweightsarc stored in an way ~ versusmix specificationindex
Iltx. if this particularsubmateriaidoes not contributeto any mix or region,the
parameterI- has the vaiuezero,and the entiresubmateriaican be skipped
Otherwise,the submaterialis processedby starting the code segmentwith the
comment“PROCESSTHISSUllhfATERIAL.”

The vectorreactionsare procesd first. The MATXSvectorcontrolrecordis
read into memoryat pointerL3, and a new pointerL4 is defirwdfor the blocks
of vectorcross-sectiondata. The g neral procedureis to loop over the complete
set of reactiousneededfw the transporttables aad edits. Foreach group, the
seiectd crosssectionsare multipliedbyTERPTand/or densityad addedinto the
appropriatestoragelocation. Ifnec~, df=shieldedcswe sectionsfromthe #SS
scratchfileare substitute for the crossmtions km k MA’TXSvectorblock.
m admoad fktor m? is Wad to correcta8stitaeat crossMctioru for the
definitionof the densityusedGOinput;they can be eithercelldensitiesor region



densities. Scwthe block of coding after ‘GET GROUp CROSS SEcT1ON.” The

model weight functions in the cross-section block are treated mpecially.The data

foreachparticle are tead into the Wfll array using the offsetJCI,●nd the UTRUD
flag is set.

1fan cl=tic scattering correctionhasbeenrequeated(IMI’WCO),the expansion
coefficientsrepresentingthe smoothed fine-group flux are computed (Xl, X2, X3)

and used to compute the value and slope of the the smoothed flux at the bottomof
each group. The coefficientsusedlaterforthe removalcorrectionsarestoredin the
arrayESCC.lf self-shieldedcroessectionswerepreparedin SItlZER,an appropriate
self-shieldedmodelflux has alreadybeen prepared.If t5ere is no flux input file,

the FFLUXand CFLUXvaluesare ccmputed using the mode] weight functions.

Note that only the base subrnaterial is prwawd forself-shieldedreactionsin

the non-thermal range because the self-shielded crosssection already includes‘the

cflcctsof temperature. All submaterials for these reactionsare processedin tbc
thermal range. All submaterialsfor norvshieldedmaterials are also processed.

This allows the temperature effects to be incorporatedby usingthe TERPTfactors.

The blockof coding that loads the u., u~~~,and @J-# witions is =@~Y

complex because of the transport correctio: options defined by Eqs. (7) through

(13). The POtotal is put into the Ua position, ●nd the correction definedby
Eq. (2I) is subtractedlater while the scattering matricesare being processed.
The contributionsof the P. and PI total croMaectionsto the total and in=group
pitioris aremade herealso,and the matrix contributionsneededforthe transport
correction, if any,areaddedlater.

The block of coding after the comment “FISSIONCROSSSKTION” only
comes into play for data that have not been self-.hieIded (normally the thermal
data type). The variable?YISthus inchxks the efhct of temperatureon fi~J.

The transport cross section for diffusion(TRD) is calculatednext. The P1
total is Aded in here (or P. if PI is not available),aad the total P8 scattering
crosssectionis computedandsubtractedlaterduringmatrixproceeding.

The thermalcorrectionto the total ems eectionwasdescribedin SectionII-J.
No:e that both the absorptionand total Poeitionsare involved;if the r~=tiort
is elastic, the cromssection is subtmcted, and if the reaction is the coherentos
incoherentone specifiedin the mix specifications,the croseeectim is added.

The final blockof codingin the materialloop adds in aoy contribution to
the edit poeitioosusing the multiply=and=accamulatealgorithm,whichabws aay
linearcombinationto be calculated.



Afterthe material loop is complete, the scratchcross sectionsare saved. These

are quantities characteristicof this particularsubmateriai that willbe neededIatcr
in the vector loop for processing the scattering matrices, or for calculating steady-

state fission.SFXSand SGAHcontain the infinitely dilute fissionand capture cross

sections usmiin computing o aridtheshieldingfactorsforphoton production. I’he

scratch data DHUand DCHI are the delayed-neutron yield and spectrum,respec-
tively. f’inally,GMHAis 79 used in the elastic scatteringcorrection&fined by
Eq. (38).

The reactionloop is continueduntil ail the requiredvectorreactionsfor this
wbmaterial have been processed. Then the loop over the matrix reactions is

started. Eachmatrixblock(reaction)can be dividedup into a numberof sub=
blocks.A subblockmaybc partof the mainmatrix, in whichcaseit containsdata
fora range of finalgroupsJL to JUthat containsfewer than)tAXUwords.Or it may

be a constantspectrumor productioncross-sectionsubblock.The codingafterthe
comment “SC’.ATTERING SVII BLOCKS” handlesthis loop over subblocks.

If the currentsubmaterialis needed for one of the accumulating mixes, the

code sets up a lcwp over finatenergygroap (sink group), initial energygroup
[sourcegroup),and Legendreorder.The group.tegroup cmassectionsXSHOUfor
eachordermaycontaina matrixpartand/or a partcomputedfromthe constant
spectrumand productionvectors. If the reactionis ●lastic scattering,it may be

replaced by a self-shielded cross section. Next, the thermalcorrectionis made,
if desired(the elastic scatteringat low energiesis replacedby t .e appropriate
incoherentand coherent thermal scattering). The temdting group-t-group cross

section is multiplied by the appropriate factor from T’ERPTto affect temperature
interpolation,and,optionally, ●n elastic removalcorrectionfactoris applied.

Followingthe comment“GETTRANSFERCROSSSECTJON,”this finaltni=
croscopiccrossscetiotaXSNOUis convertedto a macroscopiccrosssection(note the
correction forcellor regiondensitiesimplicitin the factorRVP)and mttitipliedby
the flux ratiosneededforcollapseand homogenization.la addition,the neutron.
Fho(onmatricesfbrcaptuream!fissionareself-shieldedusingthedata in the FGAM
and FFISarrays.

Separate blocks of coding areprovidml to accumulatethe transport matrix
with truncationof the tabk, if necessary,to compate● photonsourcein the edit
positions(GAHoption),to finisbthecalculationof the particle-balanceAorption

u.,and to completethe transportcroMeettioa h diflasioa.In tbe blockIabeki
“FISSIONVECTORS,”the !lssioa matrix is multiplied by the flax and sarnated
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oversourcegroup-to get the promptpartof the numeratorin Eq.(19). The wrne

term is addedto the array in CNORHto be usedto normalizex later.

The hut step in the reactionloop adds the promptcomponentof fission kto

:‘e microscopichJ in PMLWhenthemdon loop finishes,the data in PIN●re
II?.~ptly converted to z by dividingby Uj, whichwassavedM L!5F1Sduring the

: ?.“( I :GKof the vector eroes ~tions,

Aft{ the end of the submateriailoop, all of the effectsof self-shielding●nd
{r .):\..:~,ure have been includedin the crocssectio~. The contributionsfrom
;. \ ;:*‘:’wid to the prompt or stdy”state tiwe of GOJue then added into

~i,, :r~~ port table. Any delayed contributions to CMOR#,the denominator of the
f ~l)rcz. ~n fbr x, are also added in here.

I-0;8 procu is continueduntil all materials have been processed.The fiseion

. is ~1~n normalj~ ~$ing the datt in CNORH.In addhion,the wtid~~~ce

&r: ‘.Ionin the transporttabieis comparedwith the directly+mmputedvaluein
A&n2.If the due in ABSCis smallwith respectto the transportCMXSsalon hit

d will havea largeefkt on u,, it is used to replacethe previousvalueof aa.

Tbe tables are BOWcompleteforthe rangesof mixes,otders,andgroups currently

allowd in memory. RMATXS raturns to TRANSX,so theycan be printedand/or
writtenonto the rqueated output interface Me.

4. S&Shielded Crou Sectiorts Tbe ef?ectsof seif=sbieldingare computed
in subroutineSIOZUR,andtb remdtiag ee]f=sh~ “&d crou aecliowe are written out

onto the scratch file SW. In order to allow fbr pcudblc storage iimitatiocs, the

eaieulation is done by “pages”of M%GRPgroups(tee JO’LOand J~I). The itipnt
MATXSfileis readonceforeuh pageof group&

The file data is alreadyin #ace at pointerLl, andeacbpassatarteby looping
overall the “real”materialsneededfromhe MATXSUbrary.The procedureit
similarto the one ad in subroutineWUTXS,except that oaiy tbe totaJ,elas=
tic, capture, fission,and dastic downscattercroessections ●re atracted. They
are ail storedin the arraySIOS(ISIGZ,II,IRX,IG),wherethe indicesmfkrto the
backgroundao, the reactiontype, tho mixqwcikation, and the -j) index,M=
qwctiveiy. EachcrcJ6ssectk~ &interpolatedto the temp8f8tttrcappropriateto
IMI bdbro beia# storedin S1= The code h & ●p to ~ tiie e@ering
demerits.Pora P4 n, M Co’rmpottds to tb8sn~glottpde!Ite8td 4 do’wDMtter
terms.
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Once all the crosssectionsfor this range of groups have b-n read in, the UO

values can be computedby iteration. The code beginsa loop overall the “real”
materials in the mix specifications. The current material IMX lies in region IRG,
which determines the heterogeneity parameters to be used. The U. values for

eachgroup is computv..in two parts, Fitst, t] iIli Xtll fc part is cmnputed using
Eq. (2.5), where the sum runsoverall the other materialsin IRG. The code then
beginsto calculatethe escapepartof Co.

For IWT=l, the simpleresultof Eq.(26) is usedwith an efkctive mean chord

specifiedby the user.

Forlattices of cylinders (IltET=2 through 4), a macroscopiccrosssection b-

mogcnizedoverthe two regionsoutsidethe fuelis reqtdred.Becausethe fuelis in
the firstregion,the locp sums the macrcmcopiccrosssectiontimes volumeforthe
next two regions,obtaining the desired●veragein SHOD.The restof the calculation
of thoescapecrosssectionis straightforward.

Forthe slaboptions(IHET=5 through 8), thesw=p throught!aecdl starts from
IRCand movesto the right,summingthe productof the macroscopictotal cross
sectionforeachregiontimes the thicknessof the region.The sweepcontinuesuntil
a regioncontainingthe currentmaterialor the edgeof the cell is reached.{f tbi

edge of the ccl] is reached,the sweep●itherjumpsto the otherend of the cell and
continuesto the right (periodic cells)or reversesdirection and sweepsback to the

left (reflectivecells). Whena regioncontaining the current materials is reached,

the code repeatsthe entirt processsweepingto the left. The finalresultsare XXR

and XXL,whichcan be usedforARand ALin Eqe.(33) or (34). Note that regions
a?periodicboundarieshavetheir fullthickness,but onlyhalfthe thicknesmis given
for regionslyingon retiection planex The calculationof the escapecrosssection
can nowbe complttedusingF~. (3S).

Finally, the escapepart is added into Oo, the new ~=ois checkedagainst the
p,eviousvalue,andtheIoopovermaterialsandgroupsis continued. If convergence

to within EPSZhas been achievedforall groupsand rnatenals, IsW will be one,

and the loops will terminate.

The final stepe after convergenceare to printout the table of computeduo
valuesby materialandgroupfor this rangeof gxottpe,to wtite oat tbe multa to

he ecratcb file, ertdto continuethe loopoverpageeofgroope.
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E. Error Messages

The error messageswrittenbyTR.ANSX are listed Mow alongwith an anaIysis

of the problemand recommendedcorrections.

FULL TABLERQUIREOFORCOUPLEOSETS

It doesn’t make senseto truncate a coupled set by givinga table lengthless
than 3~)tEO+UGROUPbecausethis wouldremoveparts of the n-gamma b!ock.
Incre- the table length requested.

RSGIONIWW ERROR

The region temperature hasan unreasonablevalue. Check your
kindof thingcan result froma missing“/” on a previouscard.

MIX I)JP~ ERROR

input. This

Ei{herIHIX or IREGhas an unrcwmable due. Checkyour input. once
again, !here may be a missingterminatorwt a previouscard.

HOCONSTIWHiTCROSSSM310R HATCH

The codeis unableto finda constituent crosssectionwiththe givenmateriai
name in the given region. Check your input.

ItfCORSISTEIKCOLLAPSE

The number of fine groups found by adding up the #6ROUPvaluesgiven in
the collapsespecification(input card 10) must be quak to the numberof
fine groupsentered in ICOLLon input card2.

IltCOMSIS’TESTFLW PILE

This messageusuailymeans thst the groupstructureon the flux fl,e does
not agreewith the structureimpliedbythe TiUMiSXinput file. It maydso
mean that tbis is a three-ciimensionaiflux file.

ZIICOMSISTMTCRWPSTRUCWRE

The numbr; of groupsfoundon the ;nput library for the variousparticles
are not con~istentwith the input qu~mtitiesNGROUPand WISE. Sometimes
this means“hat tbe wrongh!ATXSlibrarywas mounted. Otherwi=, check
the valuesof the parzrnete:s,mpeciaily forcomplexcoupledsets.

STORAGEEXCEEDEOFOR LSS

Thereisnotenoughstorageavailabieforthesdf=sbiddingcalculation.Either
reduce the number of mix specificationsandlor the ntrmber●ti groups,or
ixrease the sizeof the maincontakr array.The instmtioas on howto do
this are given at t?iebeginni?~gof this section.

SMSUfFICIEM’YSTORAGE?ORNAIERXALORDEREDPOIUI

This message meane that not evenone Legendreorderof one materiaicat
fitin the ●vailable stomge. Esther changeto groap o:derhtg (whichis more
appropriateforverylargegroupstructure), or increasethe sizeof the mah
containerarray.See above.
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IHSUFFICIEH7STORAGEFORGROUPORDBREOFOltH

This messageis unlike!yconsideringthe small amount of memory required
to processa singlegroup, It mean, that too muchstoragewasconsumedin
flux atraysand scratcharrays. The only recourseis to incremutthe sizeof
the main container array. % above.

ILLEGALFORM

The MOIUlvariablecan only takeon the values1 and 2. Anyother value is
illc.q#.

TEMPERATUREORSIGMAZEROltISHAICHED

This messagecomesfromSIGZER.It resultsfromtryingto matchthe T and
UOvaluesfor one submaterial with the list of psible T anda. valuesforall
the submaterials in the material.It shouldnot occur.

SEEK--BAD OPTIOfl hn~ IIOp

This versionof SEEKdoes not handle %opw values of 4 and S, rmpvalues
outside the normal rangeO-7, or the “change”option. This errorshouldnot
occurforTRANSX.

SEEK--FILEDOESMOTEXISThaaao

For the “read stwk”option, the fi!e “hname” mustalreadyexist in yourlocal
fitespace.

SBEK--)IOWITS AVAILABLEhnamo

Stwitassignsunit numbersbetween10 and 19. This errotmeaosthat more
than 10 unitsareopen. It shouldnot occurforTRANSX.

—
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VII. Using BBC

BBC is a utility code for maintaining MATXS libraries. It can be used to

convert them back and forthbetweenbinaryand BCD(i.e., formatted)modee,to

selectivelylist the contentsof a library,or to construct an indexto the materials
and reactionson a library. It can alsobe usedto mod.fy a MATXS library in several

ways. It canselect●subs-~tof the materialsfroma libraryin ordet to make●new

smaller library (smaller librariesrun fasterwith TRAIW(). The selectoption could
alsobe usedto list the cmessectionsfor● particularmaterial,if desired.BBCcan

insert newmaterialsinto a library or deleteold materials.The wdect●nd insert
capabilities can be used together to combine the informatiofifrom two MATXS

libraries. Finally, BBCcan edit tho MATXSversionrmmber,uw k!etttifieation,
and fileidentificationinformation.

A. BBX Input Instructions

The input instructionsfdow. They werecopiedfrontthe commentcuds near
the start of the BBCsourcetile.

---IWU7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

cam 1
I! BP? Mm mu W?8

1 818AW(8- = UAns)
-1 C#~ (WI8 . ~)

Im W7?U??xLsTT?8
o 10S8
t 81YAW(BARS● RATX8OSWDWV)

-i Coom(WIB ● m 08 m)
ZNODF ~IFV ~9

O 80 MOI?ICATIOBS(DWAOLT)
1 ~171CATIO#S 61m

LIST LIST O?TI09
o mT LIsTm
; LIST8D (WAU’H)

IEDX xmzxxa~ OnIos
o Sm 180um
i XBD~CD (DCPAUL’?]

CAM 2 (LX6T,S8.O OSLY)
~ mm ?a18’r ma.

~114 IDZSTIFICATXOS
FILZ co6noL
SC? BOl&E8118X088TWICATIW
?ILSDATA
a%ou?sntmlm
#ATEaIu anwz
Vwrmcom60L
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e Wc’ma BLOCK
9 scATreaIBG nA7exx cosTeoL

10 9CA-X86 SUB-WICX
OSBVALUSPORKACBWORD TYPE
o mT PBImfD, 1 PM8Y8D.

CARO3 (IMDF.8E. O OELYI
BOPEB MDIFY OPTIOS

s SKMCTM’mIAL6 m Imxs 18PUTmu
I 18SS87 NA71MAM 7RONMODXSP?ILX

SXAT1 FIRST ltATXBIALIB M8GE
8HAT2 LASTllATEtUAL(DBIWLTS~RAT~)

RSPBA?CAM3 US?X A SLAIS L18B IS MAD

CARD

CARD

4 (Nmo?.m.o 08LY)
sewn 8SU FIL8 VSMIOBBU19ER
Susen BSUUSE8 ID STBIS6 (UP 70 16 CBABS)

6 (XFODF.BC.O 06LY)
ELIUR L19E OF 8SU UOLLSSITB19 DATA {72 CUAS WAX)

UP2At LIH 6 P08 RACELilt W T88 SW 80WIYS
OATABLOCX. 7ERM18ATBWT8 AS - LIB8. 1? 80
L18SS AM MAD, TB8 081GISALMOCKIS UBC8AS6SD.

Becausebinary librariescamot normaiJybe movedbetweendiflerent computer

systems,the MAT~S tie specificationinclada hatted versioaof each different

record type (See AppendixB. Tberebrq BBCincludesthe capabilityto convert
files back and forthbetwetn BCD sad binarymodss. TIMsimpleatinput to go
frombinaryto BCD wunldbe

1 -1 0 0 0

and to go from BCi) to binary,

-1 1 e o 0

The binacyuait (input or outytt) is always caikl “HATXS”,and the BCD unit
{input or output) is 81w8yscalld ~.” It is often ~al to mti 8 p8sti81

listing a~d an index ●t tke oarnetiuw as ●binary to BCDconversion.This can be
doneusing

The putiai listingon the flo namadOWPUfwillcontainonly the first fiverecords

of the MATXSIibmry, tlSA8S@9file identificationtbroagb-p stractvms. Tbe
index listing will appear CMthe W named !RM!X.
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The cost of runningTRANSXran be reducedsubstantiallyby preparinga
condcnscd versionof a MATXSlibrarythat cont~insonly tl’.emateriahof interest.
Forexampie,a spcciidIibracyto run the TRX benchmarkcalculationscould be
prepared usitig the following input:

11100
s 81/
s Ow
s AL27
9 U236/
S U238/
/
1s2 ●72LAIL IJBco/
•SSOBW~ V28SIOSOF RA7XS12@/

7108s@/●mn m ugecsu c~
I

The originallibraryshouldbe MATXS12with its nameswitchedto JIATXS.The
version number is changed to 112,so it would be convenient to change the name
of the HODOUTfi~Cto MATXS112.

Whenit becomesncwssaryto updateanisotopeon anexistingMATXSlibrary

or to inserta newisotopeintothe library,it isinconvcnkutandexpensiveto repeat
the eatire processof preparing the libraryusingthe MATXSRmoduleof NJOY.
An alternative approachis to preparea mall MATXSlibrarycotddng only the
new material,and tben to add it to tha Iihry. Assumingthat the MATXS1O
libraryhzs kn copied to the fileHNZS,and that s newversionof the 1lB data

is on unit HODIMP,you run BBC usiag the fdlowiaginput:

Note that ‘III is replacedaad tbat the originalversionnomberand Hollarith

descriptivetext are U4 for the newlibrary.The output Me WODWTshouldthen

be switchedto MATXS1Oand usedto replacethe previousversion.

B. BBC Error Messages

The ●rrormessagesthaa can red whenrunningBBC am listed belowalong
witb recommendedactions.
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TOORAMYHA’7ERIALS,CllAMGEWCS
Several arraysthat depend on the number CAmamza& .h** ..ib“~s I.d hy
ltUCS.[f morematerialsarended, this twnbm camm .:[:r..~~~i@ ., lg
MUCS0200in the parameterstatementtJ the star?of “~t’,

TOOMANYVECTORS,CltABGEtfVEC

Sevcrd arrays that dependon the numberof ream t.. .* .tediml:&ql,l.t..4
by 11~. If more narma are naxkd, thi~ numher cat,, .- “O~ .amd by .,.xtgJag
UW;=ISO in the parameter staternat at thn stat.:-ii?}M

s=--BA~ OPTIOUhaeme UOP
This version of S~ does not handle‘%qz”vaknwOi 4 Ad 5, IWJ;Ivaks
outsidethe normalrange0-7, or the ‘cham#’ -. “l%i~errorshould no;
occur for BBC.

SEEK--FILE OOl?SHOTEXISTbaemo

Forthe “readaeek”option, the file %asum” IE@akady existinyourlocal
filespace.

SEEX--ROUMITSAVAIIAWEbaamo

Seek assignsmit narn$erabatwaa 10 h.19. ~esror meanst)wt more
than 10 unit. areopen. It shouldnot oener-k mc.
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Appendix A. SAMPLE OUTPUT LISTING3

This appendix shows portio~wof the output listing from Sample Problem 1,

the “CARDS”output fromSampleProblem1, {heoutput listing fromSample

I Problem2, and the “?’SDO”outputfromSampleProblem3. ‘l’hepartsthat were

I
removed are indicatedwithellipses.

I Sample Problem 1

..--" ."---------------------------------------------------------------

TRAssx YSSS. 2.0 (2 JAS ti)
3aA8sPoa7 Cmo%sssctxosls MS m 01/22/92
P20n XATXSLIDRABISS AT 14:62:0S

mm
-..--

TE!!l -- Hmm3fltl mosnlm 7ABLSS

Qmowl
-------

IPRIST
Iout
IPxon
1ss7
IFOXlt
Itxm
IDUAY
ITRc
ICOLL
IBITP

0
!
0
1
t
1
0
3
0
0

PAMHSYSBS
-.---.----

BGSOUP 30
SL 2
STASL 34

0
0

Wltzx 3
nso 1
%mIxs 6
Bm 1
Ems 1

an 8M!SS
--.—..

1 cAsm8
z 7WUST
a “+aa6

(o=LosG/;=s80B7)
(og80~wl=c~M/2’-u/3”?IM/4”ms8/-I/-I-)
(@DI~/l=sDJo:~)
(l”B8/2=GG/3=couPLxD)
(ls~~s~~s6~Is~)
( @~~y-s7A7g/2.p~)
(U$SWSD)
(@Bo 78A8SPORTatmms.P/*oIAG/3aB-8-s/4 aim)
(O”m CotAw2z/wxs ~m)
(o”lJsMBy ?wx/Wo cAsD6/2m?uw*mnDx/8w ~ g@

GAOUPS
TADUS
POSITIOM IS TAMS
UP SCAlTX8GROVPS
SURW2OP TS?JMALGXOUPS
tlIXSS 08 RA7XSIAL3
Wlom
mmm8 %PWrlcwmss
IX78A ~I? HT2WS
ml’? S?zCx?Icbnon
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RSOI08 TfMP;K) SIZE 8EnBooK31BTv
.--.-- ------- --- - ---- ”--------

1 3.000E+02 1.0008W0 o

SPECNIX WGBUCLIDE
---- --- --- -------

111 C8AT
221 u182
321 U103
421 u184
82s U1B4
8s1 U236

DKSS1’W T8?-Af.
------- ---- ● --0

1. 0008+00
2.630Z-01
1.4308-01
3.070s-01
2.660Z-Oi
1.Ooos+oo

MTRIX MOD
----------

xnxT NAMES
-----..---

t neAT

EDIT SPECIFICATIONS
-------------------

i BEAT i.602E-19

IBPW HA7XS FIL3
------------------------------------
FILSID RATXST2LAMJDV VEas 30
30X12 LIBRARYFBC#UDf/B-VI, X3 1BB2

#AT3MAL-ORDSMDCROSSSKCTXOBTA6LES
-------------------- ----------------

UOADSAVAILA8L8 FOB7ABLB ● 0120
Mnwa OF ouTPur nlnuass PBaPASS= 3
mmsa OF LMODRS OaDsas m PM3 “ 2

0. M

YIMEFun ma asorw t sun 3.4360tw7
3.723E~03 7.3B2S+04 S.606E*04 1.4108@4 2.3128+04 4.336W04 . . .
s.40BE+OS 1. 176W06 t.031E@0 7..341E+O6 $.609%+06 1. i66t+06 . . .
1. 166E@6 1. M4E+06 S. t66E+04 1. t64U+04 t . 16W+06 1. 166S+0S . . .

●0 CA2B08 PO●.

PDS17XOB
--------

1 UA7
a Ass
4 707AL
c xsoaP
6
7
8
9

10
1;

q?

Gaow i
---------

4. MOE-13
0.2738-02
9. 122E-08
6.062s-02
0.000E*OO
0.000noo
o.000E@o
0.000moo
0.000cmo
o.000moo

Caow 2
---------

4. 141E-13
6. B43C-02
&.6oBs-ol
6. B44C42
2. Otou-ol
0.000moo
0.000t+oo
0.000moo
0.000moo
0.000WOO

WalP 3
...------

3.720C-S3
$. B03W02
9.027Z-0:
s . 13W=OS
i c66ss-01
8.6S4Z-02
0.000moo
0.000moo
0.000w
0.0008+W

Uamm 4
---------

2 .343S-13
9.7SM43
8.013s-01
t , 263S-0s
2.337s-01
1.396E41
t .201C-01
0.000woo
0.000moo
0.000moo

.,,

. . .

. . .

. . .

. . .

. . .
● ✎ ✎

● ✎ ✎

✎ ✎ ✎

✎✌✌

✎ ✎ ✎

✎ ✎ ✎



Q.000E:90 OOOOOBOOO0.0008+00 0.000s+oo .0.

0.0008+U0 0.000EOOO 0.000woo 0.000moo . . .
12
19

. . .

●* CARSOUP1 W*

POSITIOB GROUP 1
.-----.- ---------

6 19GRP -3.6968-03
a 0.000c+oo
7 0.000E+OO
8 0.000ZWO
9 0.000E+OO

10 0.000s+oo
11 0.000moo
12 0.000E+OO
13 0.000E+OO

. . .

●m ~GsT Po ●0

POS1710B
--------

1 8267
2 ABS
4 To’7u
S 18GW
8
7
8
9

10
11

. . .

GaouP ;
-. -------
7.7222-14

-2.33et+oo
2.776E+O0
4. 162?%01
o.000E@o
0.000SWO
0.000C*OO
0.000E*OO
0.000E+OO
0.000WOO

?2Msx ComwrE

6ROUP 2
---------

1. Soec-oa
1.GS6g-CQ
0.000z+oo
0.000EWO
0.000EOOO
0.000EOOO
0.000g+oo
0.0002+00
0.000C*OO

GRWP 2
---------

0.39U-14
-2. O1OE+OO
2.0s4s+00
S.o?m-ol
9.OIW-02
0.000woo
0.000moo
0.000ww
0.000moo
0.0008+M

GBOUP 3
-----.---

S.007E-02
1.122Z-01

-#.072#-02
O.ococ+oo
0.000zmo
0.000u+oo
Ooooog+oo
O.OGOE+OO
0.000E+OO

GBOttP 3
-.-----.-

5.7.SOE-;4
.l.gg~g.oo

2.082g*oo
7.02W-01
S.G32E-02
2.li4E-02
0.000E*OO
0.000SWO
0.000S*OO
0.0008*

GMUP 4
---------

4.WOE-02
30602E-02

-b.07@8-02
3.419E-02
o.000E@o
0.000s+oo
0.000Z*OO
0.000c+oo
0.000t+oo

GROUP 4
. . . . . . . . .

6.226E-14
-S.G40EW0

3.139E*O0
e.mm-ot
0.s23s-02
3.3@7E-02
6.000E-02
0.0008*W
o.ooOwGO
0.000wm

● 0.

. . .

● ,,

● ,.

. . .

. . .

..0

. . .

● **

.*.

.**

● ✎☛

✎ ✎ ✎

✌✎☛

✌✎✎

✎ ✎ ✎

✎✌✎

✎ ✎ ✎

● ✎ ✎

✎ ✎ ✎

● ✎☛

.0.

..0

2.32
..-.---..-------?.-.--.-0..-.---.--0----------------- ------------

%n@c CARD OUtFUt

CARS08 Po 34x 30 TAME
4.64046E-13 6.272SOE-02 o.00ooOWoo 9. a22038-ot S.06172E-02 o.oGOOOmoo
O.oomomoo o.oOOOOE*ooo.ooOOOtmo o.ooOOOE+ooOOOOGO08QO00.0000OE+OO
0. -g+* 0.0000OE+W 0.0000OMOO O.oomomoo o.omoo2+oo o.oo000g400
0.0000OE*OO o .000002*O0 Ooooowmw 0.0000OSWO o.omoo8*oo o.00oooE@o
0.0000OWOO o. 000002*00 o.~+oo o.ooOGoB@oo o.~ o.ooOOOWoo
0.00W0EWO 0.000002* o. Wooo84@ o. WoOOWOO4.1414-13 ●.$4s202-02
0.00G0OWOO$.00773s-01~.~ 2.C1OOOW1 O.mooow00 0.000wmoo
o.oOOOOw 0.OG@omoo o.OooOoB’$ooo.~ o.oo0002woo.oOOoomoo

93



o.Ocoooz+ooo.00oooc+oo
0.0000OFMO 0.0000OE+OO
0.000ooz+oo o.00oooEMo
0.0000OE*OO o.00oooE+oo
1.13132E-01 1.69613E-01
0.000oot@oo o. mooomoo
o.-g+~ 0.000ooemo
o.o~g+oo 0.0000O&+oo
0.000ooe+m o.00oooE+oo
2.64774&-13 0.70266U-02
1.30465E-01 1.20101E-01
o.-E*~o.=g+~
o*-8+~ 0.000ooa+oo
O.-E+W 0.0000OE*OO
0.0000OWOO0.000ow+oo
o.woa+~ 9.23660E-oi
6.06260g-02 0.0000OEOOO
o.wWE+oo o.000oOe+OO
. . .
CJUM8PI 34X 30TABLE
o.w~z+oo o.00oooE+oo
o.00oooWooo.-g*w
0.0000OWOO o.00ooog*oo
0.0000OWOO G.00ooog*oo
0.000ooc+oo 0.000ooe+oo
O.-g+oo o.00ooosooo
o.-g~~ 0.0000OEOOO
o.00ooog*oo o.00oooE*w
o.-~+~ o.00oooOoo
o.-g+~o.-e+~
o.00oooWooo.OOooog*oo
o*-g*~o.-g-

o.00ooomoo oeOOooomooo.oOooolMo0.000oog+oo
o.-g+~o.-g+~ ooOOooo8+oo o.000008*oo
o.OOoooBmoo.OOoooE@o o.00oooEmo o.00ooomoo
3.71B60B-13 8.0S228E-92 0.0000OE*OO9.02727Z-01
0.68378s-02 o.00oooBwo o.00oooE@o 0.0000OE$OO
o.OOooos+ooo.OOoooE*ooo oocoo~@oo.00ooowoo
o.Oooow+oo o.00oooEwo G.00oooE*ooo.00ooog@o
0.000oox+ooO.owoowooo.000oOmoo0.000ooemo
O.-B*W o.oOoOos+ooo.-s*oo o,00ooog@o
0.00000X*O08.6t232E-Oii.26263E-Oi 2.33726E-01
o.-g+wo.-g+~s+~o+g+~-g+~
o.000008*mo.-~~~ 0.00ooos+oo ooOOooog+oo
o.Hg+wo.-E*wo.-~+wE+wE+w
o.00ooouwon .oOOOoE@oo.OOoooE+oU0.000oog+oo
O.OOOWE@OO.000008@0 2.t2741C-13 i.4M23g-ol
9.46104S-022.173068-01 i.633tlWOi t.26440C-01
o.OOooosWoo .ooOOOt$oo o.00ooos+oo 0.0000W+OO
O.WWE+* o.00ooouMoo.-g+~ o.00ooog+oo

6.&3742E-02 1. 12206S-01-i .07248E-02 0.0000OE@OOO.OOooog*ooo.00oooEmo
O.owwg’m o.00ooog+oo
o.00ooog~M o.00oooc@o
. . .
7U3C37PO 34X 30 7AWE
7. 72240E-14-2.33626WO0

o.=g+~ 0.00000000.

o.00oooE@oO.-woo o.00oooE-oo.00ooot-o
O.-E** o.000008@o O.omoomoo o.00ooocooo

0. OOoooEWo 2 .77836E*O0 4. S6166E-OS o.00000c400
O.-g+w o.00ooo~*oo o.00ooocWo o.00oooEWo

o.00oooEmoo.00oooc*oo o.00oooE@oo.00oooE?oo o.00ooomooo.000wmoo
O.-row o.00oooa-o o.00ooomoo o.00ooog@o 0.OoOcog+oo o.00ooowoo
o.00oooooo o.00ooomoo o.00oootMwO.oowotmo o.oOoOoe*ooo.00ooot+oo
0.000om+m o.00oooooo o.00ooog*oo o.~OO 6.3640dX-14-2.0 t6U4B00
O.00000~00 ~. 88829E$O0 6.87663S-01 9.01 S61- 0.0000OC+OO 0.0000OWOO
o.00oooE~oo o .00oooWM o.00oooc+oo o.~
O.-E*OO 0.000000000

O.-z+oo o.00oooI*oo
.00oooE?ooo.00ooowoo o.00oooswo o.00ooowoo

o.00oooE+oo o, 09000z+oo o.00ooos@oo.00ooos+ooo.~g+~ o.~g+~
a.amg+~ o.000008*oo o.00ooos*oo o.00ooomoo 0, OOooogwo o.00oooEWo
0.0000OE*CO 0.0000OCWO 6.76040E-14-1.9 M06WW O.WOOOB+OO2.$$2273!~O0
7.026C98-Ot 6.6316W-02 2. 11363S-02 0.0000OE+OOO.-WOO 0.0WO08+O0
o. OooOoE*ooo.00ooocwo 0.0000OC*OOo.mg*oo o.~g+w o.~t*~
o.00oooE@o o.oOOaoc~ooo. OOooOg*ooo.00ooomoo o.00ooocwo o.00ooomoo
● .**

q

@
10
11
12
la
t4
~6
16
17
se
19
20
21
22
23
24
2s
20

0
1
2
3
4
6
e
7
8
9

10
S1
12
13
!4
16

0
1
a
3
4
6
6
7
8
@

so
11
:2
13
14
i6



SamplePrablem2

The fcd,owingselected parts of the output for Sample Problem2 show ~he
maindifferenctibetweengrouporderedoutput and material-orderedoutput. ‘I’he

ellipsesshow whereportionsof the outpnt havebeenremovedto makait fit on
the pagebetter.

. . .

G80UP-0RD2220 CRM3 Ucrxofl ‘mm
----------------------------------

~“:~s AVAILA6LS POETABLS •~gj)~w
llultnm or GBOUPS?8s M33 = 30

0.26

●o Group 1 ●0

POSITIOB CAU08 PO
---.--.- ---------

1 llsAT 4. 640C-13
2 A3S 0.273E-02
3 3U31GP 0.00WWO
4 7U7AL 9. 1228-0s
6 1866P 6.0622-02

●0 G- 2 ●0

POSXTIO8 CAUOB PO
-------- ------ ---

1 SEAT 4. 1411%13
2 AM 8.8431-02
3 SUSIW 0.000WOO
4 7UTAL 8.306s-01
6 18GW 6.3468-02
e 2. 61 OE-O1

●0 G&mJp 3 ●0

mr’7x03 CAR603 ?0
-------- ---------

1 83AT 3.72W-13
2 A6S a. 8s3g-02
3 3US1W O.000~00
4 7W7AL e.027c41
6 ISGW i. 131*O4
6 s. WW-OS
7 O.wm

●0 m 4 ●0

CARW8 P1
--.------

0.000c+oo
0.000R+OO
0.000moo
(t.000moo

-3.6968-03

CAS6J3 Pt
-------.-
o.000g900
0.000sooo
0.000moo
0.000moo
s.603G02
i.66W-01

CAUO~ PI
. . . . . . . . .

0.000gmo
0.000two
0.000mm
0.0002W0
6.007s-02
$.1228+

-1 .07a=02

TU60STPO
---------
7.722C-14

-2.336WO0
o.000g*oo
2.7762+00
4. 162S-01

7U3W7 ?1 .,.
--------- . . .
o.000moo .,,
0.000C400● .,
0.000c+oo.,●

0.0002400.● .
1.063e-03 ● ,.

7USOS Po
---------

6. 396g-14
-2. OIW+OO
0.000EOOO
2.6362*OO
6.076E-01
**MM

7umsT P1 . . .
--------- . . ,

o.0002@o ...
0.000R* ...
Ooooomoo ,.,
0.000ww .,.
1.9662-01...
3.063s-02 . . .

TU36S7Po
.. .--.--”

6.760t-i4
-i .918moo
o.00029m
2.6mwoo
7.026s-0s
S.C32S-02
2.1148-02

Tu363tP1 ● ..
.-”---.e- ...
o.00080w .,●

0.000moo ...
o.~ .0.
9,e*oo .● ●

2.3628-01.0.
2.a3w02 ...
a.04H ..●

85
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POSITIOB
---- ----

1 EEAT
2 ABS
3 WSXGP
4 TOTAL
6 18GRP
6
7
8

.,, .

CAR80S PO
---------

2. e48E-13
@.763g-02
o. Oomoo
8.013%-01
1.2638-01
a.3371bo$
1.396E-01
1.2018-01

CAR808 P1
.---.----

0.000mw
O.WOE+OO
90000E+00
O.wog+oo
4.9WE-02
3.692S-02
-6.070s-02
3.41OE-O2

7USOSTPo
.-----..-

6.286E14
-1.U8W+O0
0.000cmo
3.i39E+O0
8.026E-01
0.8238-02
3.3071-02
6.WOC-02

7U6GST?1 ,,,
--------- . . .
0.000E+W . . .
O.WOE+OO . . .
0.000g+oo . . .
0.000E*OO . . .
2.980E-01 . . .
1.4068-02 . . .
4.607R-03 . . .
7.066E-03 . . .

Sample FJDOOutput

This is aportion of the FIDOfileprotiucedby SampleProblemJ. Note the
use of the repeatoption(R) to reduce the number ofzems in the fiie. Also notr
that eachsection of the table is terminated(T),

AL-27 PO 46X 42TABLS
4863214.0
4782239+0

408 0+0
\846;97-7
1372002-6
16%S12+0
7063;04-8

O*O
89U2142-8
1744604-6
1684533-7
2028878-6
0201922-8

0+0
8011077-8
2660680-1
1840300-7
7436174-8
2720071-6
87S1746-8

.0,
104288-10
3864604-9

-126011-6 *O 1370380-6
-131070-6 Wo 1376960-8
4172889*O -137@62-6 Oto
4424464-839R O*O 3024017+0
2143688-? 1436265-7 66W701=0
-136368-6 0+0 1347400-6
6860607-0 7106768-837B 0+0
1434678-8 3622383-7 222603i-7
8102238-834R 0+0 4084916-1
8666188-7 4623703-7 1086108-7
1343128-7368 0+0 3420662-1
1046021-0 3246708-7 1474077-7
7833734”8 6473846-834B 0+0
2313120-S M8tw4-6 47twi2e-7
8641246-0 8326776-O 8076;20-8
-307740-0 0+0 2660229-8
8892349-8 7880187-6 77i4827-6
M66618-832K O*O 2s72306-1
1880117-6 6327228-7 #4@l140-7
7048603-8 7276467-S 6S38448-8

773477-jo 180;06-08 284746-08
7

AL-27 P1 46X 42TAM8
4s 0+0 7017662-846S 0$0 m!26670-8

8478804-8 2160393-8 7284484-843a 060
1$79$47-8 1781046-0428 O*O 773!200-8
3577647-0 7806440-$41B 040 1OW4O8-T
8116436-9 8614868-e 1436678-9408 040
1238474-0 82$7040-8 8070019-0 ~
419s276-7 3226s48-8 2674660-0 4200887-9
7621987-0 7083616-9m *O 6WOU”7

86

i361486-74~R O*O
1346360-7 1679228-7
1381834-6 1S06284-7
-146317-6 000
4029640-838R 0+0
2446186-7 160373s-7
6769016-1 -;22417-6
8017632-8 7690677-e
-883606-6 O*O
1720003-7 1862697-7
-438749-6 0+0

S130673-8 8814702-8
2874672-1 -384922-6
1361422-7 78470s6-0
6382668-833R 000
t7X468-6 4032681-7
0330074-0 7761373-8
-260967-6 0+0
2712444-8 t036960-7
6289563-8 7994379-8

341268-09 6toe3f-09

4481936-844R 040
8426767-8 1M4833-O
$201786-8 7736820-9
3047804-9 4103804-9
3001110-7 6313086-9
alo242S-6388 0+0
6362364-9 6787241-9
4131107-S 26s6106-9

o
1
2
3
4
6
6
7
8
9
10
11
12
13
14
t6
;6
17
se
1$
20

148
t4e

o
1
2
3
4
6
6
7
8



-167460-0 3obem8-9 $% IWO-9 86$4296-9 ett6aM-9 4$2*7-O 9
...
11074s0-8 -268627-MOB 0+0 T 66

Completeoutput hthgs from all the sample problems are availablein tbe
TRANSX2.0 distnbutioa package.
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Appendix B, MATXS FILE DESCRIPTION

The f~.liowingdcxcription of the MATXS format usesthe standard CWC form.

It was copied fromthe commentcardsat the start of the MATXSHmoduleof
NJOY91.0.

c~oooocooosoooococoooooeeo●oo~oeoeoocoocoooeoooocoooooooooooooooo00000*0
c PNOPOSRD09/00/77
c (RODIFIED09/00)
c (8~~cLA~~ C8A#OXD06/u’)
c (MDOIFIEDPornCOBSTSUB-8MCKS0s/s0)
c (OBDERMGCSABCID10/00)
c
c? NAtxs
Cs NATMIALCROSSSCCYI08 ?IU
c
CB 7S1S FILS COS7AIBSCROSSSECTIOB .
a VEC’YOBSABDNA7RICSSFOR ALL
CB PARTICLES, MA7S!RIALS,ASDREACYXOW3;
Cs DELAYEDBWTBDBSPCCYRABY TIIU CBOUP; -
a ASDDSCATUAT ASDPMTOSSPWYM. .
:. .
1:8 PONlA7SGXWSAM P08 ?IL8 SSCSA86~ 08LY
c -
C.*.OOO.oo*o..o oe*..oo*o*oo*e~ *e~.. coooc*oooooooeotocoocoocoo~.. ●.*0000*
c
c
c --------------- --c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -------- -~ -

Cs
Cs
Cs
a
Cs
Cs
Cs
Cs
Cs
Cs
Cs
l--

.

Cs
Cs
Cs
a
Cs
Cs
Cs
Cs
Cs
a
Cs
a

rms SYBucruas

BscmD TYPE

?AITXUS)
AWNS

IIA7UIMS)

susnA7BalALs)

vuYo8sLocss )

b:ub?s

S1D8.07,0

BAD8.6T.O

JIAYBtXUOCJt@

.

.

.

.
.
.
.

.

.
-
.

.

.

.

.

\tj

— ——-



C9
Cs
Cs
C9
Cs
Cs
Cs
Cs
Cs
c

● 00 N*TRI: COSTROL
● OO
● ● ● ●Oooooo(mf MB 4LJ, ~
● 000 nAtaxx SUB-BLQCB
● ● ● ●eeao*e
● OO
. . . coBstAst SuB-lwlcu
coo
●*eee* ●ee*e**

sm.&ii.i’

Jcowt.e’too -
*
.

c -------- ------------ ... - ---e. .- - — . — -------------------- . . . .

c
c
c ---------------------------------------- ------------------- .--. .-.”--

CR FILS IOSStIPICAtI08
c
CL lls4nE, (mu(x) ,1=1 ,2) ,Ivsas .
c
Cu I +30JnJL7
c
CD PDRH4T(46Ov
c
co aBAnE
CD Ewe
CD Ivsas
CD XuLt
CD
m
c

,-0 lee ,248, III*, 16) .
.

HOLLSBIT8FILCSAHC- llAtlS - (bo)
80LLRRITSUS~ IDSStIF14tX08 (As)
?lLS VSBSIOSBURDSR
OouBu ?UCISI08 P4BAmrra .

;- 40 UORD1S SIH6L8 W8D
2- 4s UoaD 1s Ooosw Pucmos Wso

.

c --------------------------------------------------------------------

c
c
c -- . . - . . . - . . . . . ------ ...”---- .-.... .---- .----------— ..—. --------

CR FILS COS7ROL
c
CL SPABt.BTYP&o880U.SHAT,NAW,LSS~ 0
c
CU6 .
~ .
CB PORNAT(68iD ,410) -
c .
CD SFA#t SUNB~OFPABtICLZS POS WXCU GW -
CD ~ AM GIVBS 0
co sttPe 6URS~OFDATAtVP~ PBZSUt 18 SST .
co Wou Bmsa OF UonDs 18 SST SOLUMTS .

co IOSSTIPICATIOSRKOM 0
co SJIAt SuJmm 0? nAnnIALS 08 rIL8 -
co IIAXU nAxIm ~ SI~ ~ SUS-U4UU86 .
co LssotB Lsmm 0? mu .
c .
c ... --. --. .-.... .-.. -... -.-.. --c.. -... -.-c -----------------------------

c
c



e ------------------------------------ — ------------------------------- .

CR W? EOUXAI?S ZDBBTIFICHI08 .

c
CL (BSmID(I) ,I”l,mu)
c
Cv 9BOLMNULT 0
c .
CD PUMM(4H 20 .Ow(fno)) -

c .

co SSS71D BOLLSM7BIDSS7111CA710B0? SS7 (48) -

co (WI u mm out 72 cmmns ma USE)
c .

c ... ---. .--------- ... ---. .-0-. -----0 .---- 0--.0 -.-00 -.. ----- .-. c ---------

c
c
c ------- ... --. ----. ..-. -.. ... ---ti-@ -------------------------------------

Ck
c
CL
u
CL
c
Cu
c
CB
CB
c
co
co
co
co
CD
CD
co
co
co
co
co
CD
CD
co
co
a
Cn
CD
co
a
co
co
en
m
m
co

PILE DATA .

(flPRT(J), J”l.8PAaT), (-(I), a”io-a), (m7s(I) ,I”S,BUAT), -
:(8GRP(J) , J=i ,WABT) , (J IDP(IC) ,B=i ,8TTP& (JWTWC) ,x*l,BT7PS) ,
2( BSUBR(I)?=t ,BIIAT),(U)CII(I) ,1=1 ,~f)

POBH47(4# 30 ,6M/(9W) 8?n7,B7TP#,mTB
?OB#AT(1210) WBP, JX8P, JW7P ,SSUBll,WCll

BP8TU) BOUSSX~ XDUTIPICA710B POR?ASTXL8 J
B BWTBOS
6 WOIA
? ?nmus
D DSWEBOB
T fbx?os
a U-3 BtKLWS
A ALPBA(BE-4muLsm
D B~b
8 =IDUAL 08 BKML

(~VI~ TBABALPDA)
8TTP8(E) ~Tl XD~P’XCA710B PWl DATAWPS C

SSCAt BWTBOBSCA=8G
86 ~ 1~ WOU ~ .z&
ascbr W91A SCATIWU8G
P, P8umi IBDwm SRnmB maDocrIOa

. .

. .

. .
OuAm BmmaB D4tA

MM DWAT UAt MD UAWA D4TA
DWAT ~A DA74

UAml] Boum’m Ioun?l CATIOStOB IU7RIAL I
row(J) Mt8mm XBUGYmoum m PAB’?xL8J
mm) fW8 0? 18ClDtSt?4WCU A8SOClA~ UXT8

OATATTPCX. ~DS9A7A7TPSS, JISPIS o.

.
-
.
.

.

. I

I



co JOUTP(X) TYPEOF NTcoxm PANmL8 ASSOC1AT8DUIT8
co DATATYPISX
CD MSUSJI(I) MIMBEXOF SUDMTSUALS PDA M~IAL I .

co Locn(r) LOCATX08OF HATZAIAL1 -
c
c -------------------- ----------------------------------------------------

c
c
c -----------------------------------------------------------------------

m GROUPSTXUCTURZ
c
CL (Gpafl), I=i ,8W ,gaIs
c
cc WR=B6RP(J)
c
Cu BG3P(J)*1
c
CD FOUIAT(411
c
co GP8(X)
co EIJIS
c
c--------------,

40 ,lP6E12.6/(68i2 .6))

IIAXIRUHMERCY SOUBD
MIHNUR%2SAOYMUSD

-
.

.

.

.

.

P08 CROUPI ?0S PABTZCLEJ -
m PAMICLSJ .

---------------------------------------------------------

c
c
c --. ... --. ---. .-------- . ----- ." ------------------------------------------

en
c
CL
CL
c
Cu
~

es
c
co
CD
co
co
co
co
co
co
co
co
c

MATF~IALCDST80L

8NATOARASS,(TUP(:) ,SICZ(:) ,IlW8(X) ,S:0(1) ,~(1) ,
iLOcS(I) ,1=s ,8WW

mu?
Alms
tUIP

SIGZ

ItTPZ
81D
820

EOLLE81TSHATZ81ALIDUTW2C8
ATOMICVUCST MTIO
AIIBIU7 ?WIPZRATUU08 OT8M PA~ tOB

SUBMAT211ALI
DILU710S?ACTOR08 U7S~ PABAltST8&’.?0S

SUDJIATEBIALI
D&TATYPg FOR3UBRATZBIAL:
wu 0? v2i30Rs P08 SUSIU=AL I
WIIBU07 llAT81XBuas WB SUWATWAL I
LOCATI08W SWIA~:AL 1

.
-
.
.
.
-
.
.
.
.
.
.
.
.
.
.
.
.
.
-

c.. -------------------------- ------------------------------ —.. -...
c
c
c ... .... ..-. -.-. -.. ---------------------------— -. 0.0.0 ..0--------

Cs VET08 ComoL -

c .

CL (IIWS(l).:”i ,UD) .(s~(l)ol”l,slo)o(m(x) ,Ist ,8iD)

!)~



c
Cu
c
a
co
c
co
co
co
m
co
co
co
co
CD
co
co
c

(auLT*2)@BiD

POMAT(411 7D ,8A8/(9A8)) WPS
POMAT(1210) IBLK,SF6,BL6

8VP3{I) S~LLSRITSIDXSTIPIBB0? VmS
nLAs BIWROBILAST!CSCATZBBISO
B2U (8,28)
8BF SSCOSDCEA8CXPISSI08
GABS UAJMAA6SOAP?I08
P2S PSUIOBS1s, 2Mw’TRoBsm

. .

. .

.

.

.

.

c ... ..---- .------ ..------- .~ - .------------------ a----- a------------- ..-.-
C
c
c- .-. --. --. ----- ..--- ... --------------- a------------ c-e----- ce---------
.m Vmh Macx
.

;L (VW: )OI’1 ,IulAx)
c

.

cc Irnx=sun OVE8 cm SA~ ~n g#~ VK108 :8 SWCX J
c

.

Cu MUX
.

c
-

es
.

PQMs7(48 SD .lP5C12. fJ/(6SIa.6))
c
co

.
WS(I) DATA?OAG9WP S4S05 FOBVUTORS19 BLOCXJ.

co S&OCXS!2S 3S D
.

malnm Bv TAR186ALLm amp -
co 8480S THA~#AVSA TOTALL88U18 ~ 7BM 08 ~AL -
co ?0 KAxu.
c

.

c.. -.-. ... --. -.--. -.. .. --. -.---- . --------- a---*, ---------- "-------- a---
c
c
~.-. ----. --.. -.. .--. -.-....... . --------------------* --c-----
Ch

. . . . . . . . .
SCM7XRISCMATRIXCOSTtDL

c
.

CL slnx.UlsDo JcossT,
CL 1( J8AsO(L),Lu1 ,90u?6{x)), {IjJ(L),u~ ,~{K))
c

.

m m7+20~oS~G(~)
-

c
.

C8
.

F08SA7(4D 90 ,48/( s216)] 8WS,LOm,JcaSST,
c’s

-
JSASD,IJJ

c
mmJm =A8arrB Imrn?remw 0? DLoa
CD LQab UJICSS20? OADSRSPUS8S7



CD JCOIS3 @~B~ a? ~~ g~~ COC$7A~sp~~
CD J8A8D:L) bA8DUID”flPO~6BOUPL .
CD IJJ(L) LDUS!fZGJWUP IS BASD PO* GBOUP L
c
c . . . . . . . . . . . . . . --. ----. ------------------------ ..-----, -------------------

c
c
c . ------------ . -- . ..-------- ”... - -- . -------------------- ”-----------------

CB
c
c?.
c
cc
cc
c
CD
c
m
c
.3
CD
co
co
m
CD
co
co
co
CD
co
co
c
c-‘

,

3CA~SRTW SUB-IJil~M

(sc~7(xJ ,X=1 ,KM4X)

XHA:”WM TIMES IRE Sun (SVEAALLJDASDX9 n~ ~ RASGEOr
7S1S sua-ewcx

P’ORWT(U iOO , iP6ili2.6/(6Zi2 .6))

I(HA1

SCAT(X) HA7RIXDATACIVESAS llAEDS0? KLKXU7SF03 IUTIAL
GROWSTEATLSAD70 gAC8 FISAL WWP. 7BE ODOW
W 7U UEUSS7S IS AS POLLWS: BASDFU ?0 OF
CROUP1, BA8DFOR P: OP GBWP Z, . . . , SMD ~R PO
G? CMWP I@1, BMD POBPt 0? ~MUP 101, C7C. 7BE
GMWS Ib CAC8BASDAM GiVW IS DKSCXSD19GGIDSS.
7SZ S12B OFKACBSUB-BLWX2S DE7ZD#I~ DY7U
TOTALLZ8G7KOPA CBOUPW S4S0S T8ATM LSSS TlS8
ORSQUAL70 MAXU.

2P JCOBST.G7.0, 7SS COaTaIBU710flSPWUIT8KJCOSS7
Lou-KaEaG7 GBwPs Au am sBPbaAmY.

.

.

-

-

.

.

.

.

. . ----------- ---.- ..---- .------- . ----------------- —------- -- ----------

c
c .
c------------ . .. . . . . . . -------------------------------------------------
Ca
c
a
c
cc
c
a
c
CD
c
co
co
co
co
co
co
C2

(~ f

COSS7AS7SUB-WOCK

(S?lXiLj .1.s: ,SmWO ) ,( PUWJ,UL1,81MC))

L@qIBG(E)-J~~sT+t

BOU7G(K)*JCOSS7

F02#AT(4SttC .lP6~12.6/(0~12.6))

SWC IOaK&LIZKDS?BC7BUWW FIUAL~M7KIX3 P08 W17XAL
PAMXCLKS18 Ga09PS L~ TO8186(8)

Paoo Pamuc7109 Caoss Sucnm (s.6. , SUW6T) rD4
IS17XAL GROWSL! ~ sISUC8)

78X3 OP’TIOB1s KOBSALLTUsm m 788 Uxa6T-mswmm
SKU7B08A8DPS070hSPSCTMPBOUPISSIOBAID RAOIA71W

.
9

.

.

.

-

.

.

-

.

—-——. —



CD CAPTUREUSUALLYSEW ATLOUESEBGIES.
c
c-----------------------------------------------------------------------
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Appendix C. RTFLUX FILE DESCRIPTION

The following description of the RTFLUX format uses the standard CCCC
form. These lines were copied from the CCCC-IV reference.

c*@*o**o**************e*****s***o*********************o*o*********4@****
c REVISED11/30/76
c
CF ltTFLUX-IV
CE REGULARTOTALFLUXES
“

c"**@***@*****@@****@**@****@****@***@****@****@**$***@@*@******@*******
c’
~

c -----------------------------------------------------------------------

CR FILE IDEBTIFICATIOB
c
CL wt4nE,(EusE(I),I=l,2),IvERs
c
Cu l+3@NULT
c
CD Bmklw HOLLERITHFILE SAIIE - RTFLUX- (R6)
CD EUSE HOLLLRITIIUSER IDEHTIFICATIOH (A6)
CD IVERS FILE VERSXOINUMBER
CD KULT DOUBLEPRECISIO#PARAKETER
CD 1- A6 VORDIS S18CLEUOBD
CD 2- A6 UOROIS DOUBLEPRECISI08UORD
c

c
c

CR
c
CL
c
Cu
c
co
CD
CD
CD
CD
CD
co
CD
CD
co
CD
CD
CD
co

SPECIFICATIONS(1D ~o~)

SDIll,EGROUPoBIBT1,BIBTJ,llIBTK,ITER,EFFK,POUEROUBLOK

9=WHBEROFUORDS

KDIN MMBEROFDXNEKSIOSS
BGBOUP EUNBEROY EflERGY GROUPS
SISTI HUUBEROF FIRST DINEISIOHFISE MESHIBTERVALS
BIIITJ KUMBEROF SECCSDDINEHSIOBFIBE HEM ISTERVALS

BIHTJ.EQ.1 IF BDIN.EQ.1
BIKTK MUNBEROF THIRDDIXEBSIOSIKTERVAM

llIflTK.EQ.l IF HDIX.LE.2
ITSR OUTERITER4TIOSZUHBERATUEICBFLUXUASURITTEB

EFFECTIVENULTIPLXCATIOSFACTOR
POUER POUER1S WATTSTOUSICEFLUXIS EOMALIZED
HBLOK DATABLOCKXUGFACTOB

IF SDIN.SQ.1, TSSGBOUPVAEXABLSIS 8LOCKED
IKTOBBLOKXILOCKS(SEE2DRECORD9ELDU)

IF SDSlf.GE.2, TBE2BD DIKESSIOBVARIABLEIS



CD BLOCKED IHTO ~SLOKMLOCKS(SEE 3D EECORD)
c
c-------------- --------------------------------.----------"--------------

c
c
c- - ----------- ----------------------------------------------------------

Ca OMEDIHEMSIOBALREGULARTOTALPLUX (20 RECORD)
c
cc PRESEMTIF HOIN.EQ.1 .

c
CL (( FREG(I,J) ,1=1 ,BIMTI) ,J=JL,JU)----SEE STRUCTUREREIW---- -
c
Cu MIBTI*(JU-JL+I )=UUHBEROF UORDS
c
c DO1 N=l ,BBLOl(
c 1 READ(II)●LIST AS 4BOVE@
c
cc UITHI! AS TEE BLOCKIBDEX, JL=(N-l)s((lGROUP- 1)/HBLOK+I)+I -
cc AMDJU=XISO(HGROUP,JUP)UEEREJUP=llS((BGROUP-1)/8BLOK+l) -
c
CD FItEG(I,J) OBE DIl!EESIOUALREGULARTOTALFLUX
CD BY IJTERVALAIDGROUP
c
c-----------------------------------------------------------------------
c
c
c----------------------------------------------------------------------

CR HULI-DIHEBSIOSALREGULARTOTALFLUX (3D RECORD)
c
cc PRESEK7IF BDI)l.GE.2
c
CL ((FREG(I,J),x=I,8xnx),J=JL,Ju)--* snuczm Dsx4u----
C
Cu IIXTI@(JU-JL+l)=llUKB&R3P UDRDS
c
c DO1 L=l,HGROUP
c DO1 N=l,lWTK
c DO1 W=l,IBLOK
c 1 READ(B)●LIST AS ABOVE*
r
cc U1T8 N A5TEEBMCK ISD&X,JL=(jl-l)@((EIBTJ-1)/HB~+I)+I -
cc AM) JU=HIHO(SXSTJ,JUP)SUEBEJW=H@((BI~J-1)/9BU+l) -
c
co FREG(I,J) MULTI-DIIIESSIOEALEEGULMTOTALFLUX
CD BYISTEBVALASDGMUP
c
c.-----.-.--------------------—-—-,—.—-—— --------



Appendix D. RZFLUX FILE DESCRIPTION

The following dcticription of the RZFLUX format uses the standard CCCC

form, I’hcsc lines were copied from the CCCC-IVreference,

c***********m****e**********o**********@*************************@***e**
c RWISED 1’/30/76
c
CF R2FLUX-IV
CE REGULARZOIEFLUXBY GROUP,AVERAGEDOVEREACEZOM -
c
c**9***es**ea********o***ee**o**********@e*****a*.**********************
c
c
c-.-----------"---------------------------------------------------------
CR FILE IDEBTIFICATIOU
c
CL EIAnE,(llusE(I),I=182),IvMs
c
Cw I+30HULT
c
CD BIIAHE HOLLERITEFILE SAME - RZFLUX- (A6)
CD EUSE HOLLERITHUSERIDEMTIFICATIOB (A6)
CD IVERS FILE VERSIOHIUMBER
CD HULT DOUBLEPREC1310flPARAMETER
CD 1- A6 UORDIS SIMLE UORD
CD 2- A6 UORDIS DOUBLEPRECISI08UORD
c
c ------------------------------------------------------------------------

c
c
c ---------------. --------------------------------------------------------

CR
c
CL
CL
c
Cv
c
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
co

SPECIFICAT19RS (1D RECORD)

TIH&,POU~,VOL,m,EIVS,DKDS,TIL,TBA,nSL,~BL,~AL,THCM,
I(X(I),I=1,3),BBLOK,ITPS,HZ08E,IGRDUP,ICY

20=BUNBEROFWORDS

TIME REFERWCEREALTIME, DAYS
POUER POUERLEVELFOR ACXUALJEUTROBICSPROBLEN,

WATTSTEMAL
VOL VOLUllEOVERWICE POWERVASDETERH18ED,CC
EFFK EFFECTIVEHULTIPLXCATIOBPACTOR
EIVS EIGEBVAWEOFSEARCEPROBLEX
DKDS DEltIVATIVEOFSEARCEPROBLEH
TBL TOTALBEUTROELOSSES
TUA TOTALBEUTRWABSORIWIOBS
TSSL TOTALBEUTROBSURFACELEAKAGE
TU6L TOTALSEUTROBBUCKLIUGLOSS
T8BAL TOTALBEUTKOBBLACKABSORBERLOSS
TECRA TOTALBEUTR08COBTROLMD ABSORPTI08S

y)



CD
CD
CD
CD
m
CD
CD
CD
CD
CD
CD
c

1(1),1= 1,3 RESERVED
IiBLOK DATABLOCKIMGFACTOit.TBBGEOHETIIICZOBE

VARIABLEIS BLOCKEDILWJ BBLOKBLOCKS.
ITPS ITERATIVEPIt!lCESSSTATE

=0, SOITERATIONSDOBE
=i, C08VERGEBCE SATISFJED
=2, SOT COWERGED,W? COWERGIMG
=3, MOTCCflVERGED,DOTCOWSAGXBG

IZOUE MUKBEROFGEWETRICZOBES
9GROUP WKBEROF ESEAGYCROUPS
MCY REFEREMCECOUIIT(CYCLE BUKBER)

c ..----------------------e-----------------------------------------------

.-

c ------------------------------------------------- .. --- ----------- --..----
CR FLUX VALUES(2D RECORD)
c
CL (( ZGF(K,J) ,K=l, IGROUP),J=JL, JU)----SEE STRUCTUREBELOU---- -
c
CM MGROUP*(JU-JL+l)=llUKBEROF UORDS
c
c DO 1 N=lOIIBLOK
c 1 READ(8) ●LIST AS ABOVE* -.
c
cc U17q?l AS TSB BLOCKISDEX, JL=(H-l)*((SZOIE-l )/MBLOK+l)+I -
cc ABDJU=MIBO(BZOBB,JUP)WEERE JW=MO((HmmX-1)/BBm+i) -
c
CD ZGF(K,J) REGULARZOBEFLUXBYGROUP,AVERAGEDOVEBZOBE. -
CD SEUTZOSS/SEC-CHoo2.
c
c----------------------------------------------------------------- -
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Appendix E. RZMFLX FILE DESCBIPTIOIN

The following description of th~~ft~Mk’LX format wcs the standard WW

form.

CR
c
CL
c
Cu
c
CD
Cn
co
CD
CD
co
c

FILE IDEJiTIFICATIfNl

RNAME,(EUSE(I),I=1,2),IVERS

1+3*HULT

BHANE BOLLERITEFILE HAHE- RZHFLX- (A6)
EUSE EOLLERITBUSERIDEWTIFICATIOfl (A6)
IVERS FILEVERSIOMUMBER
UULT DOUBLEPRECISIO1 PARMETER

1- A8 UORD1S SISGLE UORD
2- A8 UORDIS OOUBLEPRECISI08 UORD

c-----------------------------------------------------------------------
c
c
c-----------------------------------------------------------------------
CR SPECIFICATXOSS
c
CL BDIH,8GBOUP,BSETI,SIBTJ,ZIB~,EO~,~,~~
c
CM ~.B~BEn OF uo~s

c
CD IDIH BUNBEROF
co XGROUP WUBEROF
co SISTI SUHBEROF
CD IIIBTJ SUMEEROF

DIH&W$IOES
GROUPS
FIRST DINESSIOBIHSRVALS
SECOSD UIIWSXOB ISTERVALS

CD BISTJ.EQ.1 IF SDIJI.EQ.1
co mm 8UNBEROFTEIRD DIHEBSIONISTEEVALS
CD 91B’TK.EQ.1 IF HDIM.LE.2
CD B08D B_OFLEGEBDAEMO#SSTS
CDEPFK EFFECTIVEMULTIPLICAT2WFACTDR
co mum POUElt18 UATTSTOUEICS FLUX 1S90RMAL1ZED
c
c ----------------------------------------------------------------------

c
c
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c ------------------------------------------------------------------------

CR REGULAR)IONEBTSFLUXSSOS NULTIDIMEMSIOUALWIWRVALS -
c
CL ((FLUX(K,I),H=1,MORD,I=1,U19TI)----SOTE STRUCTUREBELCU---- -
c
CM Hom*B:UTI=BWBBRoFWORDS
c
c
c--------------------"-------"-----.-.----.--.-.---------.-.-.-.-"------

1(W



Appendix F. ISOTXS FILE DESCRIPTION

The following descriptionof the ISOTXS format UMMthe standard C~CC form.

1t was copied from the CCCC-fV report.25

c**a**e****ee***********.e*******4********.****@*******@@a*@*****b******
c
c
CF ISOTXS-IV
CE MICROSCOPIC
c
CD
cm
c

REVISED 11/30/76

GROUPBEUTRO#CROSSSECTIOBS

THIS PILE PROVIDESA BASIC BROADOROUP
LIBRARY,ORDEREDBY ISOTOPE.

CR FORHATSGIVE8AREFOBFILE EXCU4EG80SLY
c
c*ooo*o4**@*oo***o*o**oo*o***o@*****o*o**ooo@@o@**c*@**o*o*@oo@o***oo*oo

c
c
c -----------------------------------------------------------------------

Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
c

FILE STRUCTUBE

RECORDWPE
==a====saaaaaas=asas=m8=sm8zz=

FILE IDEBTIFICATIOS
FILE CWTROL
FILE DATA
FILE-UIDE CUI DATA

OOOCOOOOOO*OC6(REPEAT FOR ALL XSMOPM)
● ISOTOPECOHTROLASDGROUP
● IBDEPESDEHTDATA
● PRIICIPAL CROSSSECTIOBS
● ISOTOPECHI DATA

PRESEBTIF
sa=s=B==s8s=zas

ALUAYS
ALUAYS
ALUAYS
IcalsT.GT.l

ALUAYS
ALUAYS
IcaI.GT.t

●

● ●ooe*oooo@o(REpEAT

● 0 •a@oo*ot(~p~T

● *O SCATTERMG
●00$*0***00000

.--------.>---------------

TO 9SCHUSCATTERIBGBLOCKS)
FRON!TD8SBUIK)
SUS-BLOCX LaBDm).GT.o -

c -. --------------------------------------------
c
c
c---------------------------------------------------------------------
CR FILEIDEBTIFICATIOS
c
CL BsAxE,(ausE(1),I=i,2),Ivms
c
al I+30~7
c
C8 FORMT(411OV ,A8,1E0,2AG,1U*,X6)
c
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co allAHE 80LLE81TBFILSBAIIB- NATXS- (A8)
CD IiusE BOLLERITEUSERIDEIITIFIATIOS (A8)
CD IVERS FILE VERSIOBBWlfBElt
co NULT DOUBLEPRSCISIOBPABAXETER
co 1- A6 UORDIS SIBGLS UOBD -
CD 2- A6 UORDIS DOUBLEPRECISIOBMORD
c
c-------------------- --------------------- --------------------- ---------

c
c
c -----------------------------------------------------------------------

CR
c
CL
c
Cu
c
CB
c
co
CD
CD
CD
CD
CD
CD
co
CD
CD
co
CD
co
co
c

FILE COMTROL (ID RECORD)

MGROUP, S1S0 ,HAXUP,IIAXDH,NAXORDOICEIST, #SCHAX,BSBLOJt

8=MUNBEROF UORDS

FOR)!AT(4E10 ,416)

UGROUP WNBER
UISO SUHBER

OF EBERGYGROUPSIM FILE
OF ISOTOPESIS FILE

I(AXUP llAXIMUHMMBEROFUPSCATTERGROUPS
NAXDB NAXIHUNBUXBEROF DOUBSCAITERGROUPS
NAXORD NAXIMUXSCATTERINGORDEB(HAXINUNVALUEOF

LEGEBDREEXPABSIOBIBDEX USEDIS FILE).
IC81ST FILE-UIDE FISSI09SPECTRUNFLAG

ICBIST. EQ.O S0 FILE-UIDESPECTBUH
ICEMT. E(l. 1 FILE-WIDE CEI VECTOll
ICBIST.GT.1 FILE-UIDECBI HATRIX

BSCHAX XAIXUNBUllBEROF BLOCXSOF SCATI’EBN6DATA
8SBLOS SU8BLOCSIIGCOBTROLFORSCA17EBNATBXCES.TEE

SCATTERINGDATAARE SUBBLOCKEDIBTOBSBMK
RECORDS(SUBBLOCKS)PERSCA~18G BUICK.

c------------------------------- ----------------------------------------

c
c
c ---------------------------------------------------- --------.--------

CR
c
CL
CL
CL
c
CM
a
c
CB
CB
CB
CB
CB
c

104

FILE DATA

(ESETID(I),I=1,12),(HISOSN(I) ,1=1,S1S0),
1(CEI(J),J=I,SGROUP),(VEL(J) ,J=l,BGBOUP,
2(IMAX(J),J=1,HGROUP),EMIB, (LOCA(I),I=l,BISO)

(H1~+12)0~T*l+BI~
+sGRouPc(2tIcaIsTo(2/(IcaIsT+l)))=sunBEB OF Moms

FOMAT(4R 20 ,lE0,1fA6,11@ BSETID,HISOBM

llM00A$SlE@09(lXOA@)/(10(lXSA6)))
FORJIAT(9E$2.6) CM (PIESEBTXF ICSIST.EQ.1)
FOMAT@12.6) vsL,EllAs,Enm
FOMAT(1216) MCA



co
CD
co
CD
CD
CD
CD
CD
c

ESETID(I) EOLLERITEIDEWTIFICATIOBW FILE (A6)
axsornn(I) EOLLEWrH ISOTOPELABEL FOR ISOTOPEI (A6)
CEI(J) FILE-UIDEFXSSIOE SPECTRUK(PRESESTIFICHZST.EQ.1) -
VEL(J) MEAH8EUTROSVELOCITYIS GROUPJ (CM/SEC)
EMAX(J) KAXINUMEBERGY BOUNDOF GROUPJ (EV)
Emu MIBIHUM EMERGYBOUBDOF S= (W)
LOCA(I) MUHBEROFRECORDSTO BE SKIPPEDTOREADDATAFOR -

ISOTOPEI.

c --------------------------------- .-------e----. ------------------------

c
c
c------------------------------------------------------------------------
CR FILE-WIDE CII1 DATA (3DRECOllP;
c
cc PRESEUTIF ICffIS’T.GT.l
c
CL ((cHI(K, J), K=l ,ICXIST), J=l,NGROUP),(ISSPEC(l) ,I=l,BGBOUP) -
c
Cu EGRDUP*(ICi!IST+l)=WMBEROF WORDS
c
CB FORKAT(4E3D ,lP6E12.6/(6E12.6)) CBI
CB FORXAT[1216) IS5PEC
c
CD CtlI(K,J) FRACTIOBOF MEUTROSSEKITTED ISTO GROUPJ AS A -
CD RESULTOF FISSIOM IH A#YGRDUP, USIBG SPECTRUNK -
CD ISSPEC(I) ISSPEC(I)=K IMPLIES TEATSPEC7RUHK 1S USED
CD TO CALCULATEEMISSXOSSMCTRUMFROHFSSSIOB -
CD IE GROUPI
c
c --------------.-------------------------z------------------------------

c
c
c-----------------------------------------------------------------------
CR ISOTOPECONTROLAIIDGROUPIHDEPESDESTDATA (40 RECORD) -
c
CL XABSID,UIDMT,HflAT,AHSSoWISS,ECAn,~P,SIGP~o~~s,MBE,1cgIo -
CL 11FIS,IALFOISP,192B,IBD,IHTOLTOT,LTRS,IS7RPD,
CL 2(IDSCT(8),B=1,SSCKAX)O(LORD(B) ,fl=s,sscnAx),
CL 3((JBARD(J,B),J=1,SGROUP) ,B=l,BSC)IAX),
CL 4((IJJ(J,M),J=1,#GRouP),H01 ,SSCMAX)
c
Cu 3dlULT+17+1SCNAXO(20#GROUP+2)=WNBEROF GROUPS
c
CB FOMAT(4E4D ,3(lX,A6)/6E16.6/(1216))
c
CD EABSID llOLLERZTBABSOLUTEIS~pE LABEL- SAJ(EFOII ALL -
CD VERSXOESOF7BE SANEISOTOPE18 FILE (A6)
co IiIDE8T IDESTIFIEROF LIBRARYFRDHWICE BASICDATA
co cAn~ (E.G. ESDF/B) (A6)
CD AMASS GRAIlATOHICUEIGET
CD EFISS TOTALTEERKALMERGYYIELD/FXSSI08 (lJ.SEC/PISS) -
CD ECAPT TOTALTEERKALESERGYYIELD/CAF7UM (M.SEC/FXSS) -
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CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
co
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
LB
CD
co
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
co
co
CD
CD
CD
CD
CD
CD
co
co
CD
CD
CD
co
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TEaP
SZGPOT

ADMS

KBR

ICXI

IFIS

IALF

IMP

1121

ISD

1s?

LTOT

1?0s

ISTRPD

IDSCT(Bj

mnoPE 7snPBRAmm (DBOREESxmfm)
AVERMB EFFETIVB PDTESTIALSCA~MUG IU

~osABcs MBGE (9ARSS/ATOH)
DEWITYOFISOTOPBIS MIXTUREII UKICHISOTOPE -

CROSSSECTIOBSUEXE GESERATED (A/BARM-Cll)
ISOTOPECLASSIFICATION

O=USDEFIBED
l.FIssILE

2=FERTILE
3=OTMR ACTISIDE
4=FIssIoB PMD’J~
s=sTRu~~
6.COOLAMT
7.co~7R()~

ISOTOPEFISSIOHSPECTWNFLAG
ICEI.EQ.O IJsE FI~-WIDE cBI
ICEI.EQ.1 ISOTOPECBI VECTOR
ICEI.GT.1 ISOTOPECEI MATRIX

(B,F) CROSS SECTIOHFLAG
IFIS.EQ.O 80 FISSIO~ DATA1S PRIJCIPAL -

CRDSSSECTIOBRECORD
IFIS.EQ.1 FISSIOB DATA PRESEST IS PR19CXPAL -

CROSS SECTIGBSWORD
(B,ALPHA)CROSSSECTIOB

SAMEOPTIOSSAS :FIS
(SOP) CROSSSECTIOB

SANEOPTIOIS AS IFIS
(B,2B) CROSSSECTIOB

SAHEOPTIOBSAS IFIS
(B,D) CROSSSECTIOI

SANEOPTIOSSAS IFIS

(NoT) cMss SEC?IOU
SANEOPTIOHSAS IFIS

SUHSEROFMDHEETSOF TOTALCMSS SECTIOBPROVIDED
IS PR18CIPALCRD!5SSECTIOSSRECORD

WXBEROFKOHESTS OF TRMSPORTCROSSSECTIOfl
PMVIDEDIB PRISCIPALCROSSSECTIOBSRXCORD

SUHBEROFCDORDIBATEDIEECTIOBSFORUBICU
COORDINATEDEPESDESTTRABSPORT:MSS SECTIOBS
~?’ GIv~_ IF Is~PD=o, go cW~:8A~ D~E~EZT

TRANSPORTCROSSSECTIOBSARE GIVEH.
SCATTERISGHATRIXTYPE IDESTIFICATIOBFOR

SCA17EXIZGBLOCKB. SIGDIFICASTOSLY IF
LORD(S).GT.O
IDSCT(S)=OOO+ SE, TOTALSCA’17ERISG,(S”~ OF

ELASTIC, IMELAS’HC,ASDR2B SCA17EEIBG
NATRIXTERXS).

100 + SB, ELASTICSCA~R18G
2oo + 98, 19ELASTICSCA-IBG
3~ + S8, (_,2~) SCA~EM8G,----SEE

HDTEWLOw---
USEREUS IS TBE LEGE8DIIEEXPABSIOBISDEXDFTBE
FIRSTHATRIXIHBMCKS

.



CD
CD
CD
CD
CD
CD
CD
co
CD
CD
CD
CD
CD
CD
CD
c
CD
CD
co
CD
CD
CD
c

LORD(S) WKBEROFSCATTERIMOEDERB 18 BLOCKH. IF
LORD(E)=O,TBIS BLDCJ(IS HOTPRESEIITFORTHIS
ISOTOPE. IF MMIS THEVALUETAK~ FROM
IDSCT(E), TBEMTBEHATICES11 TEIS BLOCK
HAVELEGEBDREEXPABSI09ISDICESOF flH, BB+l,
81+2 ,o,o,mg+m~(~)-i

JBAHD(J,B) WJ!BEROFGROUPSTEATSCATTERIETOGROUPJ,
IBCLUDIEGSELF-SCA~R, IJ SCATTZRIBGBLOCKS.
IF JBAID(J,M)=O, 10 SCAT’TERIMGDATA IS PRESEW
Ill BLOCK8.

IJJ(J,Y) POSITI09OF IS-CRO!JPSCATTERIMCROSSSECTIO~1S
SCA’17ERIHGDATAFOR GROUPJ, SCAT7ERIMGBLOCK
II, COUS’TEDFROMTEE PRIW’UORDOF GROUPJ DATA.
IF JBAMD(J,H).BE.OTE&llIJJ(J,S) KUSTSATISFY
THE REXJTIOS !.LE, IJJ(J,S) .LE.JA8D(J,M)

SOTE-FOR M,2U SCATTER,TEE MATRIXCOBTAIMSTERKS,
SCAT(J TO G), WHICHAREEJUSSIOti (PRODUCTIOS)-
BASED, I.E., AREDEFIBEDSUCETffATMACROSCOPIC
SCAT(J TO C) TINES TBEFLUX 1S CROUPJ GIVES
TEERATEOF ENISSIGS(PRODUCTION)OF IIEUTROIIS
ISTOGROUPG.

c“ -----------------------------------------------------------------
c
c

CR
c
CL
CT,
CL
CL
CL
CL
CL
c
m
a
c
CB
c
co
co
co
CD
CD
co
CD
CD
CD
CD
co

PRIMCIPALCROSS SECTIOBS (6D RECORD)

((S7~L(J,L),J=j,#G~up) ,L=~,LqJRM),
l((sToPL(J,L),J=l,~G$(JuP]L=l ,LT~), (sBGAn(J),J=l,BGWVP) ,
2(SFIS(J)OJ=1,1GROUP),(WUI”OT(:) ,J=l,BGROUP),
3(CBISO(J),J=1,BGROUP),(SSALF(J) ,J=1,8G$OUP),
4(SBP(J),J=I,1GROUP),(SE2S(J) ,J=l,BGROUP),
S(SBD(J),J=10WROUP),(S9T(J) ,J=l,SGROUP),
6(STRPD(J,I),J=1,BGROUP),I=1 ,HTRPD)

(l+LTR#+L?OT+IALF+IlfP+IB2#+IED+IST+iSTRPD+2@IFIS+
IcHI*(2/(ICEI+l)))OSGROUP=WNBER OF WORDS

FORKAt(4E60 ,6E12.6/(6E12.S))

STRPL(J,L) PL

S70TPL(JOL) PL

---

---

UEIGETEDTfiABSPORTCROSSSECTXOS
THE FXRSTELEMEST6FARRAY STRPLISTSE
CIJRREBT(Pi) UEIGETEDTRA8SPOBTCROSS SECTI08 -
TEE LEGESDREEXPABSIOSCOEFFICIENTFACTOR(2L+1) -
IS BOT18CLUDEDIH STRPL(J,L).
UEIGETEDTOTALCMSSSECTXOB
TSE FIRST ELEN3BTOFARMYSTOTPL13TSE
FLUX(PO)USZGSTEDTOTALCIUMSSECTXOS
TBELEGEBDREEXPA8SIOflCO~CIESTFAmOR (2L+I) -
IS SOTISCLUDEDIU STRPL(J,L).

SHGAN(J) (B, GAlllfA)

107



CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
c
CB
CB
CB
C8
CB
CD
C8
c

SFIS(J)
S8WOT(J)
SCEXSO(J)
SIIALF(J)
SUP(J)
SM21(J)

WD(J)
SUT(J)
STRPD(J,I)

(B,F) (PMSES7 IF IFIS. GT.0)
TOTALEEUTRO8 YIELD/FIssIoM (PRESE8T IF IFIS.GT.0)

IS~pE CE1 (pmMT IF 1cE1. EQol)
(8, ALPEA) (PRESEXTIF IALF.GT.0)
(MOP) @~~lF IHP.GT.0)
(B,2n) (PBESEHTIF IU2E.GT.0) ----SEE

MOTEBELOU----
(B,D) (PEESEST IF ISD. GT.0)
(R,T) (pRESE9T Ir IBT.GT.0)
COORDINATEDIRECTI08 I TRA#SP08TCROSSSECTIOB

(PRESMT IF ISTRPD.GT.0)

SME - TEE PRIBCIPAL S,2S CROSSSECTIOBSM2H(J)
IS DEFIBEDAS WE B,2B REACTIOMCROSSSECTIOH,
I.E., SUCHTEATMACROSCOPIC282S(J) TIMES TEE
FLUX 18 GROUPJ GIVESTHEAATEATUEICEB,2B
REACTIONSOCCUR18 G80UPJ. TEUS, PORS,2S
SCA~ISG, SB2H(J) = 0.6*(SU)IOF SCAT(J TO G)
SUKKEDOVERALL G).

c -----..-...---------------------.-----"--""--------------------------, .-

C
c
c-----------------------------------------------------------------------
CR IsmopE CHI DATA (6D RECORD)
c
cc PRESEBTIF ICBI.GT.I
c
CL ((CEIIS0(K,J),K=I,IC81)oJ=I,sGROUP) ,(ISOPEC(I),I=I,SGBOUP) -
c
Cu BGRDUP*(ICEI+l)=SUIIBERor uo~s
c
CB m~AT(4H 6D ,61112.6/(6Es2.6)) cflIIsO
CB FORKAT(121S) ISOPEC
c
CD CEIISO(K,J) PRACTXOSOFBEUTXOISEKITTEDIITO GBDUPJ AS A -
co RESULTOFFISSI08 1S AHYCXOUP,USIUGSPUTRUIIK -
CD ISOPEC(I) ISOPEC(I)=KIKPLIESTEATSPCTKUKK IS USEO
co TOCALCULATEEMISSI08SPECTRUKFBOllFISSI08 -
co IEGXDUPI
c .
c-----------------------------.-------------"---------------"----------

c
c
c----------------------------------------------------------------------

CR scAmIBG SUB-BLOCK (~ ~~)
c
CL [(scAT(K,L),K=l,KnAx),L+I,LOitOB
c
cc KHAX=smOvEBJ 0? JBABD(J,S) UITSIHTSE J-GBOUPu#GBoF~xs -
cc SUS-BLOCK. IF ICISTWISDBX OF= SUB-BWCK,TBS J-GBOUP -
cc RABGECOBTAIE~UITSIS TSISSUB-BMCEIS
cc JL=(X-l)C((BGm-1)/#sBm+l)+l TOJU=lWO(BGBOUP,JUP), -

1(M



.

cc
c
cc
cc
c
Cu
c
CB
c
CD
CD
CD
co
CD
CD
CD
CD
CD
CD
c

UHSRSJuP=no((sGBDuP-l )/ssBLuI’ “$

LoaoMmD(@ .
B 1S ‘THEXSDSZPUBTES~P OVBB8f t’? 8an’A?XLusTBucnJBE) -

mxommgm~~ ~ 6- .

F’DMAT(4E7D ,6ft12. ii/(8iM2.6))

SCAT(K,L) SCA17XBIMNATBIXOF SCATTXMMOBDEBL, POB
BSACTIOSTYPEIDSSTIFIED BY IDSCT(B) PDBTHIS -
BL4KX. JBA~(J,#) VALUES~R SC417’ZBIMx~ -
UBOUP% AM STDBSDAT ;PCATOPHSL=SUIIFllO)l 1 -
YO(J-1)( 0? JBASD(J,S) PLUS1 TO K-1+JBASD(J,8). -
TEE SUMIS ZSBDUESS J=l. J-I’D-J SCA~ 1S -
TSE IJJ(J,l)-TS -Y IS TS8 BAEGEJBABD(J,B). -
VALUZSABXmm II m oxmx (J+Jup), .
(J+Jw-i), . . . ● (J+l) ,J, (J-i) ,..., (J-JDE) ,
mm J~=IJJ(J,8)-1 ASDJDS=JBASD(J,S)-ZJJ( J, H). -

-

c-------------------- -------------------- --------------------- -------
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Appendix G. GOXS FILE DESCRIPTION

The following description of the GOXS format uses the standard CCCC form.

The GOXS format is the same as the MACRXS and SNXEDT formats used in

the ON EDANT and TWODANT codes.

C** O* O*OO*****OO***OS●**oo*o*ooo*o*ooo*@ooo@o*@*oee*eoo@*●@**o@o@o@*o@@o
c DAIL 36/12/83
c
CF Goxs
CE WOUP-OROEREDCROSSSECTIOIS FOR SS
c
CB THIS } ILE COMTAIRSCROSSSECTIOM
Cu TRASSPORTTABLESABDBESPOKE EDITS .

w 18 A CROUP-ORDEREDFORltCOWEflIEET
CE FORUSE IB S9 TRAHSPORTCODES.
c
c*oooco*o$ooo*c*8@@o@9o*e*o@oo8@soo@*#ooceoo@oo**@oeooooo*****oco**o*ooo
c
c
c ------------------------------------------------------------------------

Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
es
Cs
Cs
Cs
c

FILESTRUCTURE

RECORD~PE
a9==aa======sr===a=xa888aac8a=

FILE IDEETIfICATIOB
FILECOITROL
FILEDATA

•oo@c*@s@oooo(~~T Fon ALL a~ups)
● EDIT CROSSSECTIOBS
● SCATTERINGCOSTROL
● SCA~18G DATA
●eoee**ee****e@***

PRESESTIF
=8====8B==4*=S8

ALUAYS
ALUAYS
ALWAYS

ALVAYS
BOID.OT.O
BORD.OT.O

c --------------------------------------------------- .----------z---------

c
c

CR
c
CL
c
Cv
c
Cs
c
CD
co
co
co
co
CD

FILE IMS71FICATX08

&lsAnE,(EusE(I),I=t,2),IvEas

FORMAT(4Ew ,A8,1t!*,2A8,m@,16)

Hnlm 80LLEltITUFILEJAH~ - COXS- (A8)
SUSE 80LLERIT9 USSR IDESTWIATIO# (A6)
Zvms FILS VERSIOBSUNSEB
XULT DOUEL8PSECISIOSPA~

1- AOUJRDIS SIBG14 VOBD
~- 48 UORDIS DOUBLEPRECISIOSUORD
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c
c --. .------------------ ., . --------------------------z---"--------a-------

c
c
c .----------------- . ----------------------------.,------------ -- -------- -

CR
c
CL
c
CM
c
CD
cn
CD
CD
CD
(-~

CD
CD
CD
CD
CD
co
c

FILE COMTitOL

MGROUP, BMAT,SORD, BED,IDPF,LBG,HAXUP,RAXDH, ~PllI~, 12LPt

10

SGROUP MMBEROF
IHAr BUIIBEJIOF
molto IIUHBEROF
UED 9UKBE3OF

GROUPS
MATERIALS
LEGE#DREORDERS
EXTRAEDIT CROSSSECTIOIS

(I8 ADDITXOSTO lfifi BASIC PRIIICIPALCROSSsEcTIQJs)
IDPF DOUBLEPRECISIOSFLAGFOR S01? ABDSCATTERINGDATA

(~i2=sIBGLE/DouBLE)
LllG LASTllEUTROMGROUPFORCOUPLEDSETS
UAXUP MAXIHUHBUNBERCF UPSCAT’I%RGROUPS
WAXDH HAXIKU)IMU)IBEROF DOUISCA~ERGROUPS
BPRIB WHBEROF PRI#CIPAL CROSSSECTIOSS (O, 4, OR 6)
12LP1 2L+1 ~M I#cLllD~ IB LIBMRy (o/l=#o/yM)

c--------------------------------------------------------------- ---

c
c
c------------------.- --------------------------------------------------

CR FILE DATA
c
CL (BHAT(I),I=l,BMAT),(EED(J) ,J=l,~EOT),(VEL(K),K=l,BWWP), -
CL 1(EG(K),K=1,SGROU9),EKIE
c
Cu (BHAT+SED)a~LT+2~SGROuP+l
c
CD EKAT(I) 80LLERITH NATERIALIANES
co BED(J) SOLLEllITBEDIT CROSSSECTIOS BAKES .

CD VEL(K) AVERAGEVELOCITYFORGROUPR (CMWC)
CD EC(K) IIAXEKERGYBCWD FORGROUPK (Elf)
CD EKIS HIMESERGYBOUSDFORGROUPSTRUCTURE(m)
CD iEDT sED+8pRxI .
c a
c-..-.-----..------------..-------------------------.--c-------------=--
c
c
c ----------------------------------------------------------------------
CR EDIT CROSSSECT20SS
c
CL ((EDXS(I,J),X=l,WAT),J=I,BEDT)
c
Cu BHAT@BEDT
c
CD Enxs(I,.r) EDIT CROSSSW’TI08S, TEE mLLovr9G 4 MACTIOES -

ii2



co AREALuAYsPusssTxm TaIsoRDwt uEs9BmIs94: -
co TOTAL TOTALTRABSPORTXSEC
CD ADS BALABCE ABSORPTIONXSEC
co 8USSGF FISSIf)B SEUTBOB ?RODUCTI08XSEC
CD Cal FISSIOH SP8CTRUM
co AMOPREWMTUSESlPRIS=6:
CD TXD T8ABSPOATFORDIFFUSIOR
CD MY EXTRAEDITSFOLWU TSES8 STABDAM
co Ws# MPRX9=0,AHYBAnBAful ALLouSD.
c

.

EDITS. .

c -----------------------------------------------------------------------

c
c
c -----------------------------------------------------------------------

CR SCATTERINGCOUTROL
c
CL ((HJJ(L,I),L=i,BOED),I=i,9MAT) ,
CL l((IJJ{L,I),L=l,SOBD),I=i ,BllAT;
c
Cu 20#oRo*m#r
c
co 8JJ(L,I) BWBEROF GROUPSIHBA8D
CD IJJ(L,I) FIRST GEOUPIH BABD
c
c -----------------------------------------------------------------------

c
c
c ----...-------------------------------------------------c-------------

CR SCA~EhXHGDATA
c
CL SCAT(I),I=l,BTAB)
c
Cu STAB
c
CD SCAT(U) SCATTERIMDATA.
CD ~AD SUNOF SJJ(L,I) OVEBLFNM iTOflOBD AID
co I Fnon ITOSHAT
c ●

c-------------------- -------------------- -------------------- -----------
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Appendix H. EXAMPLE OF A MATXS INDEX FILE

The followingtext is part of the index for MATXS1O, the 30x 12 library baeed

on ENDF/B-Vl. Sectionsthat wereremovedaremarkedwithellipses.

QO*$OO*OO****O*OOOOOOOOOOCOOOOO●*0000000*00
●00 yx~ nA~xs ●OO*OOOOQ*OOC*OC
●Q* us~ T2f4fL ~Joy ●*CC*OOC*COOO*OO
●00 Vsns lo ●0000000000*0000
●@*o*oooecoo@o@*●*C** O* OO**OO*COOOOOOOOOOO*

FILE DSSCB1PT16S

30112 LIBRARYFBOllSSDP/B-VI, JA6 1962
P4, 300X AT IEFXBZYSDILUTZOI
STA3DARDCLAMUE16Sr FUWTIOS

FILS DATA

PARTICLS
--------

1
2

DATATVPE
---------

1
2
3

RA7861AL
--------

1
2
3
4
6
e
7
8
9

10
J1
?

:J
14
16
18
17
18

SAM
----

9
G

SAX2
----

BSCAT
K
GSCAT

DMT
----

U1
02
03
am

L16
L17
Bee
Blo
Bll
C3b?
814
916
015
017
91s
~A23
nabt

SGRP
----

30
12

J16P
----

1
1
2

Bsus
----

3
3
2
2
2
3
3
3
3
3
3
3
3
3
2
3
3
3

mm
-----

1
2
2

LOCA
----

0
16
34
49
02
76

i63
23:

420
611
642

760

1 IS

—



1s
20
21
22
13
24
26
26
27
28
20
30
31
32
33
34
36
36
37
3a
30
40
41
42
43
44
46
48
47
48
4@
60
61
62
63
64
66
60
67
68
6S
40
8:
62
83
M
66
60
67
4s
69
70
71

lMa4
ALa7
S1BA7
S12S
?31
S8AT
s3a
CL8A7
AMO
K8AT
E41
CABAT
SC46
T18AT
tm
T147
T:48
V8AT
CB60
CB62
C26S
CB64
NB66

C069
816S
B169
Sxso
8101
Bx6a
81S4
CUS3
cum
6A2AT
TS9
6693
N08AT
CDIA?
IBBA7
BA23S
mm
msa
miss
Bolss
mm
TA181
U1B2
U1B6
um4
U1$6
Relss
B8107

924
$37

1033
1110
ia67
1290
1306
1418
1464
1S06
MOB
1614
16ss
1607
i74e
1767
$7ss
1779
ma
ma
1ss7
2076
2110
2271

2377
2440
2607
2618
26ss
asdl
271a
2766
2s70

3036
ma
3136
aa7a
sass

am

2636

67C0

i
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72
73
74
76
78
77
78
70
80
01
82
83
64
86
w
87
88
89
90
01
92
93
94
96
96
97
98
99

100
101
102
103
to4
106
106
107
108
109
s 10
:11
112
f 13
114
116
tlo
117

AU197
PB200
PB207
PB208
BX209
73230
7B232
PA231
PA233
U232
U233
U234
U236
U236
U238
nP237
UP238
BP23Q
PU238
PU237
PU238
PU239
PU240
PU241
PU242
PU243
PU244
AN241
AR242
AJ1242JI
AH243
CN241
CN242
C)1243
CJ1244
CI1246
CU246
a1247
CI1248
3X249
W24@
CF260
CP261
CP’262
C?263
EB263

..................-

3
3
3
3
3
2
3
2
2
2
3
2
3
2
3
3
2
2
2
2
2
3
3
3
3
3
2
3
2
3
3
2
3
3
3
3
3
3
3
2
2
3
3
3
2
2

m 6991 3.000Z+02

3014
3W7
4160
4333

4473
4620
4688
4e34
4682
4730
4770
4806
4908
4968
5076
6226
5238
S270
6302
6346
6400
6494
6644
6823
6600
6716
6762
S8!8
6831
6666
6963
6@63
6020
6061
611s
6144
6192
6218
6243
6316
6347
3393
6430
6446
6466

Vw’Ym3: two B7uro mA6 m
xx CAMA 13VSL

Mat
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Iu’mxcwi: Iiaus

al SUB 2
HATRICES:BG

Ml SUB 3
VECTORS: GuTo
HATMCSS: GCOE

SUB 1
VacTofls: SuTo

NUBAR
mmcss: mus

SUB 2
WATRICBS:8G

SUB 3
V8CTORS: GUTO
HATRICSS:Gcoa

B3 Sus 1
Vmoss: EUTO

1s
nATBIcas: 8U

83 SUB 2
VSCTORS: GUTO
NATBICSS:GCW

--------------------

3. GOOB+02 1. OGOE+1O BG

o. OOOE+OO 1. OOOE+1O GScAT

GTOTO GCOU Glmca GPAIR GABS
GIMca GPAIR

3.000E+02 1.OOOL+1O BSCAT
BTOTO BSLAS S2S BG UEA7
XI GANHA IHVEL
B2B

3.000e+02 1. OOOB+1O SC

0.000%+00 1.OGOR+IO GSCAT
GmTo GCOI GISCB GPAIR GABS
GIBCU GPAIR

3.0008+02 1.OOOE+1O BSCAT
BToTo #azAs #2a BLAT KSMA
GMllA IBWL
a2B

O.GOOB+OG 1.000mto CSCAT
GToTo won 61BCS GPAIR GABS
GIBCS 6PAIB

8S3 SUB I 3.Goomo2 I.GGOB+1O BSCAT
VECTOBS:SwTG BTOTO =AS BG BP SD

DAltS UUBAB XI GAIDIA 1%WL
HATBICM:M

GIIEAT

IIEUA DANE

asAT I(EMA

8E3 SUB a O.GGGB+OG 1.00G840 OSCAT
VEcroas: GuTo OToTo Oco% Oxms OPAIB GABS G9EAT
WATBICES:GC08 G18CS 6?UB

au SuBl a.oGosW2 S.000wio 8SCAT
VEcToss: m STDTo w m? K8MA DANE IIUBAR XI
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a41au IBVBL
NATRICSS:BELAS

BE4 SUB 2 0. OOOE+OO 1. OOOE+1O
VECTORS:WTo mo?o acoa Gncn
KA’?axcss:GCOE GIBcfl GPAXB

L16 SUB 1 3. OOOE+02 1. Oooe+lo
VBCTOXS: WTo STOTO 9SLAS MHZ

I04D I05D I06D B07
8120 B13D B14D 816D
B20D B2;D #22D I123D
H28D B29D 16 tP
KUBAR XI GAKKA INSL

KATaIcBs: BSLAS B2HA MOID 1020
807 M08D B09D B1OD
116D 116D E17D B18D
B23D 924D B2SD B26D

L16 SUB 2 3.0008+02 1.000E+IO
HATaIcBs: 807 M

L16 Sus 3 0.000E+OO 1.Oooe+lo
Vsc?oas: W’To GToTo GCOE GISCB
IUTBXCSS:Gas G18CS GPAIR

--------.-----------

L17 Sus 1 3 ~oog~oz 1.OOOZ+1O
vscTDas: :... y~”o g~ 8xmL

802? B03T 8047 J06T
SW? 8117 B12T S13T
Slti 819T S207 B21T
B26T B27T SC SD
XI GAKUA IWSL

NATXICXS:SSLAS B2S B2SA U3BA
S067 B067 807? W&T
H13T 814r 816? ~16T
S21? 822? S23T B24T

L17 SUB 2 3.000E+02 1.OOOE+1O
KA?nxcss: 801 16

Lx? SUS3 0.000E+OO 1.000wlo
vscToBs: GuTo GToTo GC08 ax8cn
RATBICSS:GCOS GIBCB WAXB

ISCAT
121A 901D
908D H09D
116D 917D
124D S26D
B? EsA’s

B03D 804D
B1lD fl12D
1lQD U20D
127D ~28D

GSCAT
CPAIR GABS

USCAT
H28 m2mA
806? 907?
B14T U16T
B227 B23T
BSA7 Kx2nA

Ho; S02T
809? S107
817? SIB?
X2bT S26T

B6

WA?
GPAXR 64ss

GREAT

#020
B1OD
R18D
B28D
KXMA

I06D
~i3D
121D
B29D

GaEAt

U3NA
B08T
H18T
M24T
DAXS

803?
S11?
81$?
V27T

6SSA7

i103D
E1lD
819D
B27i)
DAM

806D
H14D
8220

sol
809?
817?
826?
IWSAS

8041
a12T
Im
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BE9 SUB 1 3. oooe+02 1.OOOE+1O BSCAT
VECTORS: W’TO ITOTO IIELAS S21 8G 1P

BA BEAT KERKA DAHE KT6W BT660
KT800 KUBAR XX GAKKA IBVEL

HATRICES: OELAS Y21

BE9 SUB 2 3.000E+02 1.OCOE+1O HO
HATRICES: BG Poi

!IE9 SUB 3 0.000E+OO 1.OOOE+1O ~SCAT
VECTORS: GUTO c’roTo Gcoa G19CE GPAIR GABS
NATRICES:GCOB GISCfl GPAIR

-------------------..

B1O SUB 1 3.000E+02 1.000Etlo
VECTORS: BUTO HTDTO UEL4S BIBEL

%06A B06A B07 B08A
B13A Ei4DAA -16P B16A
B21DAA I122A B23DAA B24DAA
B29DAn BC BP BD
DAME HT600 KT601 CABS
~801 HUBAR XI GAKKA

NATRICES: BELAS Bol B02 B03
B08A B09A B1OA BIIA
B16A B17A B18DAA B19A
B24DAA B2SA lf26DAA B27DAA

SSCAT
BO1 1102
B09A B1OA
117A B18DAA
B26A B26DAA
BA BT2A
HT603 KTC04
IBVEL
m4 Som
B12DAA B13A
B20D44 B2iDAA
B28P H24DAA

B1O SUB 2 3.000E+02 1.OOOE+1O W
NATRICES: BG KT30A BIBEL BP

B1O SUB 3 O.OUOE+OO 1.OOOE+1O GSCAT
VECTORS: GUTO GTOTO GCOE GIHCE GPAXB 643S
HATRICES:GCOII GISCE GPAIB

. . .

------------------.-

U236 SUB 1 3.000E+02 1.OOOE+1O
VECTORS:Wro BTMO BELAS BIWL

BBF B2BF B3BF 801
B06 B07 B08 B09
B14 B16 B16 B17
B22 823 824 B26
B30 B31 B32 S33
KEBK4 KU8AR XI GAKK4

HATRICES:9EL4S BPTOT BO1 802

nsc4T
82% B3B
%02 803
Ilo Bl$
818 ale
H26 827
B34 WB
13VBL RUDSL
803 B04

3’0 XT
POD Pot

B03 B04
B1lA m12DAA
B19A B20DAA
B27DAA B28P
mAT KERHA
MT606 UT800

B06A B07
814DAA S16P
822A H23D4A

BFTDT BP
B04 Mos
Bi2 B13
B20 B21
B29 B?@
BG EEAT
CEID
B06 B06

S07 B08 BOO 810 811 812 B13 B14

120



M16 B18 S17 ala Blo 120 121 122
123 B24 N% 826 827 828 M29 830
831 M32 a33 834 Ix #3B Ecw

SUB 2 3.000E+02 1.OOOE+1O Bd
)lA’ruxcss: BIDEL BFYOT MG 81083L

U23S SUB 3 0.000E+OO 1.000n+lo GSCAT
VECTORS:GUTO G’TOTO Gcoa 61BCS GPAIR GABS anEAT
MATRICES:GCOE GIUCE GPAIB

--------------------

. . .

IEDIiXCOMPLETE 2666.0S

A complete Iisting of this file is included in the TRANSX 2.0 distribution
package.
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