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Chapter 1

Intr oduction

A setof library les canbeconsideredo beavalidatedapplicationlibrary whenthefollowing
requirementaremet[1]:

1. thelibrary processindhasbeenveri ed
2. thelibrary les have beenvalidated
3. everyaspecin their creationhasbeendocumented

Theveri cation procesgpoint1) ensureshatno problemsvereencountereduringprocessing
(dueto faulty data,badformatting,...) andthatcorrectie actionsaretaken or a warningis

issuedf aproblemwasfound. Theveri cation processtartsevenbeforethe rst library le is

producedvith the selectionof the NJOY ?? processingpathandall relevantparametersPoint

3 (documenteverything)is closelylinkedto this partof the veri cation process.

Thelibrary is producedor usewith MCNP or MCNPX [3, 4] soit mustbe validatedfor use
with MCNP(X) to ensurethatit givesaccurateandreliableresults(point 2). This canbedone
by testingthe library againstinternationallyacceptecbenchmarks And again, this part must
bewell documented.

Documentingavery aspecin thecreationof thelibrary is importantfor futurereferencgpoint

3). A datapreprocessingode(in our caseNJOY) shouldnever be consideredasa black box.

With the documentationa usershouldbe capableof producingexactly the samelibrary and
understanavery aspecbf its creation.

ALEPH-DLG (DataLibrary Generatorjs anauxiliarycomputeicodeto ALEPH [5], theMonte

Carloburn-upcodeunderdevelopmentat SCK CEN in collaborationwith Ghentuniversity

TheMonteCarlocode(ary versionof MCNP or MCNPX) andtheburn-upcode(ORIGEN2.2)

thatareinsideALEPH have differentdemand®n nucleardata. TheMonte Carlocoderequires
speci ¢ data(beingmicroscopiccrosssectionsangulardistributions,enegy spectra, ..) for

every nuclideusedin the transportsimulation. ORIGEN on the otherhandneedsmicroscopic
crosssectionsfor (n,g), (n,2n), (n,3n),(n,a), (n,p) and ssion reactions- andthis for every
nuclidein thetransmutatiorchains.ALEPH-DLG 1.0.0providesthis datausingNJOY 99.90
sothatthe MCNP(X) usesthe samecrosssectionsfor transportas ORIGEN will usefor the
evolution calculation.

ALEPH-DLG automateghe entire processof generatindibrary les with NJOY andtakes
careof the rst requiremenof a validatedapplicationlibrary: verify the processing.It pro-

ducestailor madeNJOY input les usingdatafrom the original ENDF [6] le (suchasinitial

temperaturethe factif thenuclideis ssile or if it hasunresohedresonances,..) Whenthe



library les have beengeneratedALEPH-DLG will alsoprocesgheoutputfrom NJOY. It will
extractall messageandwarningsfrom NJOY andprint outashortexplanationof themessage
in questionjt will testthe unresoledresonanc@robabilitytables(to seeif therearearny neg-
ative crosssections,...), ... If ALEPH-DLG nds arything out of the ordinary it will warn
theuseror performcorrectve actions.

To correctlycalculatethedistribution of ssion products ORIGENalsorequiresdirect ssion
yield dataassociatedvith 8 primary actinides(?32Th, 233U, 235U, 238y, 239py, 241pu, 24°Cm
and?>Cf). For the (n,g) and(n,2n)reactionwe alsoneedbranchingatiostowardsthe ground
stateandthe rst metastablestate. And nally, we alsorequireaccuratedecaydatafor every
nuclideconsideredFutureversionsof ALEPH-DLG will includethis datain the data les for
ALEPH.

ALEPH-LIB is the nameof the multi-temperaturdibrary that we are providing for standard
useby MCNP(X) and ALEPH. The temperatureincludedin this library are 300, 600, 900,
1200,1500and 1800K. Library les wereproducedusingthe JEF2.2, JEFF3.0, JEFF3.1,
JENDL 3.3andENDF/B-VI.8 nucleardataevaluations.This will be extendedwith ENDF/B-
VIl whenit becomeswvailable. Thelibrary (at300K) hasbeenvalidatedon asuiteof criticality
benchmarksindon a seriesof pulsedspherébenchmarkso shav thatthelibrary will produce
accurateandreliableresults.And sowe have ful lled thesecondequirement.
Thelastrequirements metwith this report. It providesthoroughdocumentatioron the NJOY
processingpath,thelibrary veri cation processandtheinputinstructionsor the ALEPH-DLG
code.This canbefoundin partl of thisreport(CreatingValidatedApplicationLibraries).Part
Il of thisreportconcerndALEPH-LIB anddocumentsts contentandvalidation.
Anotheraspecthatis importantis maintenancandsupportfor thelibrary. For now, thelibrary
is limited to continuousenegy neutronlibrariesandS(a; b) datales. Protondataanddatafor
otherchagedpatrticleswill beaddedn thefuture. Questionandcommenton this reportand
thelibrary maybe sentto Wim HaeckandBernardvVerboomer{aleph@sckcen.beA website
hasalsobeencreatedto keepusersinformedon the statusof ALEPH-LIB andotherrelated
subjectqwww.sckcen.be/aleph).



Chapter 2

NJOY ProcessingPath and Options

2.1 NJOY Version99.112

Thelatestversionof NJOY [2] availableto usis NJOY 99.112[8] (datedNovember26,2005).
NJOY 99is basedcompletelyuponNJOY 97 but themaingoalof NJOY 99wasto incorporate
cleanlyalargenumberof changesieededor high-enegy data(for instancehe LA150 library
[9] with dataup to 150 MeV), outgoingand incident chaged particlesand the new photo
nucleardataformatof MCNP4C[10]. NJOY 2005is currentlyunderdevelopmentat LANL
but it is unclearwhenthis new versionof NJOY will becomeavailable[11].

For useunderWindows andLinux, we compiledthe codeusingthe Lahey Fortran95compiler
If95 (for bothoperatingsystems)A few minormodi cations! weremadeto improve theoutput
of thecode:

theoutputfrom theunresrandpurr moduleshasbeenchangedothat6 signi cant digits
areprintedinsteadof 3 (unresr)or 4 (purr) becauseve usethosenumberdor QA testing.

the variablemaxscrwasincreasedrom 10000to 50000in the purr moduleto correct
an error ('not enoughscratchspace')that occurredduring the processingpf 239Puof
the JEF2.2library, this hasbeen x edin NJOY 99.112but we decidedto increaset to
50000insteadof 12000(justin case).

theline 'zero=0' wasaddedo thereconrsubroutinesdf2aaandrdf2hy to correctan|f95
compilerwarning('zerois usedobut neverset') bothin NJOY updatesip92andup99,one
of themis notrequired.

Theseupdateshave beenaddedto theupdate le upl12(usedto producethe sourcecodefor
NJOY version99.112)andthe le uplf95 for the Lahey Fortran95speci ¢ updateqseeap-
pendixA). Boththe le upl1l2anduplf95canbefoundonthelLosAlamoswebsitet2.lanl.gov.

2.2 NJOY Processingand Post-Processing

NJOY is amodularprogramin whichthedifferentmodulesarecalledin sequencelnformation
is passedrom moduleto modulethroughthe useof ENDF les. It is the NJOY module
thatregulatesthis data o w. It shouldbe notedthat datapassedn in this way hasall of the

1For NJOY 99.90[7] we alsohadto make somemodi cationsto solve memoryproblemsandto x compiler
errorsandwarnings.All thosethingshave now beenx edin NJOY 99.112.
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limitations of the ENDF format. An examplebeingthe useof only 6 signi cant digits which
cancauseNJOY warningsdueto round-of whenpassinglatafrom onemoduleto another(see
section3.2.1).

The NJOY processingpath also dependson the type of library to be created. A continuous
enegy neutronlibrary (c-typelibrary) is createdby usingthe following sequencef NJOY
modules:

MODER 1 The rst call to moderis usedto corverttheraw ENDF le into anNJOY binary
le (binary les reducethe calculationtime signi cantly).

RECONR The reconrmodulereadsthe dataon the ENDF tape (resonancgarameterand
crosssections)generatepoint-wiseenepgy-dependentrosssectionsandputsall cross
sectionson thesameunionizedenegy grid.

BROADR ThebroadrmoduleperformsDopplerbroadeningo the speci ed temperaturand
thinstheresultingcrosssection.

MODER 2 Thesecondcall to moderis usedto convertthe NJOY binary le into areadable
ASCII le for usein ALEPH.

UNRESR Theunresrmodulecomputesffective self-shieldingpoint-wisecrosssectionin the
unresohedenepgy range.

HEATR 1 The rst heatrrun generatepoint wise heatproductioncrosssectiongalsocalled
kermafactors)andradiationdamagecrosssections.

HEATR 2 Thesecondheatrrun is usedasa kinematiccheckto verify the correctprocessing
in the rst run.

THERMR 1 Thethermrmodulewill generatéhecrosssectiondor freescatterersn thether
mal enegy range.

GASPR Thegasprmodulewill addgasproductionreactiongo thelibrary.

PURR The purr modulewill calculatethe unresoled resonancerobability tablesusedin
MCNP(X).

ACER 1 This acerrun will corvertthe previously generatediatainto a c-type ACE le for
usein MCNP(X).

ACER 2 ThesecondacerrunreadgheACE le obtainedromthepreviousacerrun,performs
thestandardonsisteng checksandproduceghe nal ACE le (eitherASCII or binary).
If problemsoccur it will attemptto correctthem.

A c-type neutronlibrary is usedfor performingtransportcalculationsand hasthereforeto

adhereo speci c rules.For instanceglasticscatteringmt2) mustbe presenin theraw ENDF

le. Whenan ENDF le doesnt meettheserequirementsit cannotbe usedas a transport
library. It canhowever be processedsa dosimetrylibrary (a y-type library), which canbe

usedin MCNP(X) tallies for the calculationof reactionrates,... Suchallibrary is produced
usingthefollowing sequencef NJOY modules:

MODER 1 Thismoderrunis the sameasabore.
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RECONR Thisreconrrunis thesameasabove.
BROADR Thisbroadrrunis thesameasabore.

ACER 3 Thethird acerrunwill corvertthedatainto ay-type ACE le for usein MCNP(X).

Detailson theinput parameter$or every modulewill follow. It is advisableto readthe input
speci cationsof thedifferentmodulesof NJOY in theNJOY manuald2, 8] beforereadingthe
partabouttheinput parametershatwe have used.

NJOY is still evolving asmorefeaturesarebeingadded(someNJOY errorsandwarningmes-
sagesarelinkedto this). Until afew yearsago,post-processingf the librarieswasstill nec-
essaryto add essentiafeaturessuchas delayedneutrondata(which is nonv handledby acer
asof NJOY version99.63[8], datedOctoberl5,2001),chagedparticleemission(handledby
gaspr anadditionto NJOY 94.15,datedNovember28, 1995),the additionof the probability
tablesfor the unresoled resonanceandthe gammaproductiondata(which is nonv handled
by acer). To preparethe standardVICNP libraries (suchasENDF60[12] andENDF66[13])
LANL hashadto usespecialpost-processingodesto addsomeof the previousfeaturego the
nal ACEtape.Post-processinig alsorequiredin the caseof errorsin the les. Thefollowing

two problemdor instancerequiredpost-processingpr ENDF66:

Theheatingnumbersn the probabilitytablefor theunresohedenegy rangeappearedo
beinconsistentvith what MCNP(X) expects.This problemhashowever beencorrected
with NJOY version99.62[8] (datedSeptembeR8, 2001)soit is nolongernecessaryo
dealwith this problem.

On someplatforms,it is possiblethat MCNP compiledin 32 bit modewill fail whenit
tries to readnumberssmallerthen1 10 37. To correctthis problem,numberssmaller
thenl 10 37 arereplacedby 1 10 3°.

As we cansee,all reasondor post-processingexceptfor the last problem)have beendealt
with in someway by NJOY. As such,we feel thatour librarieswill requireno post-processing
exceptmaybefor thelastproblemif it manifestdtself.

2.3 Input for MODER 1

Themodermoduleis usedto corvert ENDF, PENDF(Point-wiseENDF) andGENDF (Group
ENDF) les from the NJOY binary modeto formatted(i.e. ASCII) modeandyvice versa.In
this case this moderrun corvertstheraw ENDF le mountedon an ASCII tape<raw ENDF>
(which is a positve number)to binary modeon tape<binary ENDF>(which is a negative
number).

Onoldersystemsthe useof binary les allowedfor a signi cant reductionin calculationtime
becausdinary les canbereadfasterthanASCIl les. Thisis nolongeranissuewith current
computertechnology Thetransformatiorof ASCII to binaryis however still includedbecause
it is a goodtestfor the formattingof an ENDF le. If thereis somethingwrong with the
formatting,this moderrunwill signalit.

Theinputinstructionsfor this moderrun would be:

moder
<raw ENDF><binary ENDF>
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2.4 Input for RECONR

Thereconmodulereconstructsesonancerosssectionsisingtheresonancearametergound
in le 2 in the ENDF-format)and linearisescrosssectionsthat use non-linearinterpolation
schemegsuchaslin-log, log-lin, log-log, ...). Theresultis a point-wiseENDF le where
all crosssectionshave beenseton a unionisedenepgy grid. Crosssectionsthat arethe sum
of othercrosssectionssuchasthetotal crosssectionandthe total inelasticcrosssection,are
recalculatedasthe sum of their constituentcrosssections. All the crosssectionsarerecon-
structedto within a userspeci ed accurag. This moduleis alwaysthe rst to berun because
othermodulessuchasbroadr requirelinearisedcrosssectionsand/oranunionisedgrid.
The inputinstructionsfor reconrconsistof 5 lines. The rst line is usedto specifythe binary
input tape<binary ENDF>andthe binary outputtape<binary out> , only two tapesarere-
quired(othermoduleswill requiremoreinput andoutputtapes).The secondine containsthe
new label<label> (delimitedby singlequotes)for the ENDF tape(the rst line of the ENDF
le). Thethird line speci esthe ENDF materialnumber<mat> alongwith thenumberof com-
mentlinesandthe numberof userde ned enegy grid points(both of thesehave beensetto O
aswe do notrequirethesefeatures).
Thefourthline is the mostimportantline asit controlstheaccurag of thereconstructionlt is
usedto setthefollowing variables:

<err> : thefractionalreconstructiortoleranceausedwhentheresonancentegral criterion
(<errint> ) is notsatis ed

<tempr> : thereconstructiomemperaturéwhichis normally0.0K, butthereexist ENDF-
les thatuse77.0K asinitial temperature)

<errmax> : thefractionalreconstructiorioleranceusedwhenthe resonancéntegral cri-
terion(<errint> ) is satis ed (thedefaultis 10*<err> )

<errint> : themaximumallowedresonancéntegral errorspeci edin barns(thedefault
is <err>/20000 )

Thelinearisationprocesswvorks asfollows. First, the crosssectionis lineariseduntil the cross
sectionat the midpoint betweentwo grid pointsis within a fraction <errmax> from the real
crosssection.If the contrikution of this intenval to the error on the resonancéntegral (with a
1=E weight):

s(B)

S dE (2.4.1)

is smallerthanthe maximumresonanceéntegral error<errint> , thanthe crosssectionis de-
claredcorverged.If theresonancéntegralcriterionis notsatis ed,<err> isused(areasonable
valuewould be0.001 ). Thisis doneto controlthesizeof the le becausealot of crosssection
pointsareaddeddueto resonanceslo achieze maximumaccurag, we set<errint>  toasmall
number(for instancele-12) ) and<errmax> equalto <err> sothattheentirecrosssectionis
linearisedusing<err> .

To generatehestandardCNP library ENDF66[13, 1], LANL simplyusedthedefaultvalues
for <errmax> and<errint> , asa compromisebetweeraccurag andlibrary size. To usethe
defaults,we only needto replacethefourth line with the following line:

<err> |/
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The fth line is usedto terminatetheinputfor thereconrmodule(if therewerecommentines
or userspeci ed points,they would beinsertednto theinputinstructionsbeforethis lastline).
Theinputinstructionsfor reconrnow are:

reconr
<binary ENDF> <binary  out>
<label>

<mat> 0 0

<err> <tempr> <err> 1le-12
0/

2.5 Input for BROADR

The broadrmoduleis usedto generateDopplerbroadenedtrosssectionsusing a point-wise
ENDF- le. Thebasisfor thereconrmoduleis the SIGMA1 code(version77-1,dated1977),
whichis still partof thePREPRD codeq14] (underanevolvedform). To verify thecorrectness
of the crosssectionsgeneratedy NJOY, we canusePREPRD to Dopplerbroadenthe same
crosssectionandcomparehem.
The input instructionsfor broadrare quite similar to thoseof reconr The rst line speci-
es theinput tapes(the binary ENDF tape<binary ENDF>andthe outputtapefrom reconr
<binary  in>) andtheoutput le <binary out> for usein thefollowing NJOY module.
Thesecondine is usedto specifythe ENDF materialnumber<mat> of the materialthatneeds
to be broadenedThefollowing numbers usedto setthe numberof temperatureto which we
wantto broaderthe crosssections.Becausave will only broaderto asingletemperaturata
time, thishasbeensetto 1. Thefollowing numbersareonly importantwhenmultiple tempera-
turesareusedsothey have beensetto 0. Thelastand nal entryonthisline is thetemperature
from whichthebroadeningyill start,thisis thesametemperaturgtempb> thatwe usedin the
reconrmodule.
Thefollowing line is practicallythe sameasthe fourth line of reconrto specifythe accurag
of the broadening.The only differenceis thatthe secondentry is the maximumenegy above
which no broadeningwill beperformed.This valueis setto 1e+6 eV by default. To be consis-
tentwith reconr all the otherentrieson this line arethe sameasthe entriesof reconr
As wasthe casewith recony LANL simply usedthe default valuesto generateENDF66asa
compromisebetweenaccurag andlibrary size. To usethe defaults,we only needto replace
thethird line with thefollowing line:

<err> |/

Thefourthline speci esthetemperaturgtempb> to whichwe will broadenTheinputinstruc-
tionsfor broadrareterminatedafterthisline.
Theinputinstructionsfor broadrnow are:

broadr

<binary ENDF> <binary in> <binary out>
<mat> 1 0 0 <tempr>

<err> le+6 <err> 1l.e-12

<tempb>

0/
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2.6 Input for MODER 2

This moderrun convertsthe binarytape<binary in> (whichis a negative number)to ASCII
modeon tape<ALEPH tape> (whichis a positve number).This lasttapecannow be usedfor
furtherveri cation suchasplotting, ... Theinputinstructionsfor this moderrun would be:

moder
<hinary in> <ALEPH tape>

2.7 Input for UNRESR

The unresrmodule producesself-shieldedcrosssectionsin the unresolhed resonanceange.
For our purposest is not necessaryo run this modulebecausehe purr modulewill dealwith
the unresoled resonanceangeusing probability tables. However, as part of the QA of the
library, someresultsfrom unresrare comparedo purr (seesection3.2.4). This modulewill
only berunif thereareunresohedresonancepresenin le 2 of theENDF le.

As usual,the rst inputline speci estheinput les (the binary ENDF tape<binary ENDF>
andthe outputtapefrom broadr<binary in>) andthe output le <binary out> for usein
thenext NJOY module.

The next line is usedto specify the materialmaterialnumber<mat> alongwith the number
of temperaturegsetto 1 aswe only calculateone temperatureat a time) and the numberof
So valuesusedin the calculation(which hasbeensetto 9, seebelon onwhy we choosed s
values).Thelastnumberonthis line is the print option. As we will requiresomeof the output
of unresrto verify the purr output,we setthis optionto 1 (maximumoutput).

Thethird line is usedto specifythetemperaturetempb> atwhich the crosssectionsareto be
calculated.This temperatures the temperatureo which the crosssectionshave beenbroad-
ened.

Thefourth line is usedto specifythe s values. sq representshe effectsof all otherisotopes
in the mixture on the self-shieldingeffect of the ux. Thevalueof 1le-10 is requiredasthis
representsn nity . The unresoled resonancerosssectionscorrespondingo so= 1 10 10
arethein nite dilutedcrosssections.This valuefor sq is required.For our purposesit is not
necessaryo specifyarny morevaluesfor sg asthein nite dilution crosssectionsarethe only
onesthatwe required[12, 13]. We decidedhowever to add8 more sg values: 1e+8, 1le+6,
le+4, 1le+3, 3e+2, le+2, 3e+l andle+l. Thesevalueshave beenchoserto re ect thevalues
usedby LANL for the ENDF60library with probabilitytables(althoughthe documentatiorof
this library clearly statesthat thosemultiple valuesof sqg arenot required[12]). The NJOY
manual[2] alsostateghatthe pointsle+3, 3e+2 andle+2 areusefulfor U235(seepageV-13
of theNJOY91 manual).Thepointsle+8 andle+6 have beenaddedo makethe sq grid more
complete.Theinputfor unresris terminatedafterthisline of sq values.
Theinputinstructionsfor unresmow are:

unresr

<binary ENDF> <binary in> <binary out>

<mat> 1 91

<tempb>

le+10 le+8 let+6 le+4d 1e+3 3e+2 let+2 3e+l le+l
0/
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2.8 Input for HEATR 1

The heatrmodulewill add point-wiseheatingcrosssections(also called kermafactors)and
radiationdamagesnepgy productionto the ENDF- le thatwe areprocessing.This rst heatr
runwill addall therequiredreactiongor acerandpurr.

The input startswith the line containingthe input and output les: the binary ENDF tape
<binary ENDF> the outputtapefrom the previous module<binary  in> ) andthe output le
<binary out> for usein thenext NJOY module.

The secondine is usedto specifythe material<mat>. It is followed by the numberof partial
kermas thathave to be calculatedhext to thetotal kerma(mt301). We will require4 or 5 extra
kermafactors(dependingnthefactif thematerialis ssile or not). Thenext numberspeci es
the numberof userQ-valuesthatwe wish to enter(which we setto 0). We wantto processll
temperaturegalthoughwe only have onetemperaturen our library) so the fourth numberis
setto 0. Thefollowing optionis usedto eithertransporigammaraysor to deposittheir enegy
locally. The default for this is to transportthe gammarays (we setthis to 0). The printing
optionthatfollows hasbeensetto 0 for minimal printing.

Thethird line containghe partialkermas thatwe wantto calculate. Thesepartialkermas are:

302: the heatproductiondueto elasticscatteringthisis requiredfor purr

318: the heatproductiondueto ssion, this is requiredfor purr but needsonly to be
addedf thematerialis ssile

402 : theheatproductiondueto (n,g), thisis requiredfor purr

442 this optionis addedbecausef a plannedmodi cation to MCNP thatwill allow
the heatingvaluesto befor thelocal depositionof photonenegy whenusersdon't want
to do a completeneutron-photon-heatingalculation(addedio NJOY version99.85(8],
datedFebruary25,2002)

444 thetotal damageenegy production

For theconstructiorof thestandardibrary ENDF66[13, 1] LANL alsoasledfor thefollowing
MTs:

303: the heatproductiondueto non-elastiaeactiongall reactionsut elasticscattering)
304: the heatproductiondueto inelasticscattering
443: thetotal kinematickerma(high limit)

As faraswe know, thesearenotrequired(the nal ACE nal will only containthetotalheating
anddamagesnepgy) sowe decidednotto addthem.
As such theinputfor this rst heatrrunlookslike (for a ssile material):

heatr

<binary ENDF> <binary in> <binary out>
<mat> 50000

302 318 402 442 444 |

For anon- ssile material,the5 online 2 is replacedoy 4 andthe kerma318 is removedfrom
thelastline.
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2.9 Input for HEATR 2

This secondheatrrunis simply to checkif everythingis processedorrectly Thistypeof run
is alsoreferredto asthe kinematiccheck(seethe NJOY91 manual[2] pageVI-18). Theinput
for thisheatrrunis quitesimilarto thatof the previousheatrrun. Theonly differences thatthe
printing optionis setto 2 (maximumoutputwith checking)andthatwe now askfor 6 partial
kermas for ssile materialor 5 for a non- ssile material. The only extra kermaaddedis 303.
The outputof this heatrrun is not usedfor anything and so we write it to a temporarytape
<binary scratch> . Theinputfor this heatrrunwill be(for a ssile material):

heatr

<binary ENDF> <binary in> <binary scratch>
<mat> 6 0 0 0 2

302 303 318 402 442 444 |

For anon- ssile material,the6 online 2 is replacedby 5 andthe kerma318 is removedfrom
thelastline.

2.10 Input for THERMR 1

Thethermrmodulegeneratepointwise neutronscatteringcrosssectionsn thethermalenegy
rangeandaddsthemto thelibrary. As wasthe casefor the unresrmodule, it is notrequiredto
run this moduleto createan MCNP(X) library [12]. For the creationof the ENDF66libraries,
thermrwasnt evenused[13, 1]. Weincludeit herefor completeness.

As usual,the input begins with the input and output les. The binary ENDF tape<binary
ENDF>andthe outputtapefrom the rst heatrrun<binary in> ) arereadin andthenew le is
writtento theoutput le <binary out> for usein thenext NJOY module.

The secondinput line speci es the materialto be readfrom the ENDF input tape<binary
ENDF>(whichwe setto 0) andthematerialkmat> to bereadfrom theinputtape<binary in> .
Next we have to selectthe numberof equi-probableangles(which we setto 16). The next
optionis 1 aswe only calculateonetemperatureThe next two optionsareusedto specifythe
inelasticandelasticoption (inc andicoh ). We choosethefreegas(iinc = 1) asinelastic
optionandno optionfor the elasticoption (icoh = 0). We only have oneprincipal atomso
the next numberis 1. Theinelasticreactionwill be written to mt number221 (the specialmt
numberfor free gas). For the outputoption we choosemaximumoutputwith intermediate
results(option?2).

Thethird line is usedto specifythetemperaturetempb> andthefourth line is usedto setthe
tolerance(which we setto thetolerance<err> usedin broadrandreconr)andthe maximum
enegy for thermaltreatmen{we chooses eV).

Theinputfor this modulewill thereforebe:

thermr

<binary ENDF><binary in> <binary out>
O <mat> 16 1 1 0 1 221 2

<tempb>

<err> 5
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2.11 Input for GASPR

The gasprmoduleaddschagedparticleproduction(alsocalledgasproduction). The module

takesary crosssectionsof reactiongn which secondarnparticlessuchasprotons,a-patrticles,
. areproducedandaddsthe particleproductionfrom thosecrosssectiondo thelibrary.

Theinput for this moduleis quite simple,just the standardine of input andoutput les: the

binaryENDFtape<binary ENDF>andtheoutputtapefrom thethermrmodule<binary in>)

asinputand<binary out> asoutputfor usein thenext NJOY module.

Theinputfor gasprwill thereforebe:

gaspr
<binary ENDF> <binary in> <binary out>

2.12 Input for PURR

The purr modulewill preparethe probability tablesfor the treatmentof the unresolhed reso-
nanceself-shieldingin MCNP(X). Unresoled resonanceself-shieldingis alreadytreatedby
the unresrmodule using the Bondarenk-method(also called the backgroundcrosssection
method). This methodis however not very usefulfor continuousenegy Monte Carlo codes.
The probability table is a more naturalapproachto the effect of unresohed resonanceself-
shieldingin MonteCarlocodes Whenno unresoledresonancearepresentit is notnecessary
to runthis moduleasno probabilitytableswill beproduced.

This modulewill constructa seriesof resonancdaddersthatobey the statisticaldistributions
givenin le 2 of the ENDF le. Eachof thoseladderswill be sampledrandomlyto produce
contributionsto a probabilitytable. As a cornvergencetest,a setof Bondarenk valuesis calcu-
latedatthe sametime andanothersetis calculatedusingthe completedorobability table.
Theinputfor purris quitesimilar to thatof theunresmodule(asbothmodulessene thesame
purpose).Again, the rst line arethe input (the binary ENDF tape<binary ENDF>andthe
outputtapefrom thegasprmodule<binary  in> ) andoutput les (<binary  out> ).

The secondine hasthe samenumbersasthe secondine from unresr:the materialkmat>, the
numberof temperaturegl) andthe numberof sq values(9). Thefollowing two valuesarethe
numberof probability bins andthe numberof resonancéaddersthatwill be usedto calculate
the probability table. We have setthe numberof probability binsto 20, asis the casefor the
standardENDF60[12] and ENDF66[13, 1] libraries. For mostpracticalapplicationsiit is
acceptedhatatablewith 10 binswill besufcient [15], soour choiceof 20 binsis acceptable.
For the constructiorof ENDF60andENDF66libraries,LANL used32 resonancéaddersbut
apparentlythis was not enoughfor certainisotopes(suchas U235, U236 and Pu239). The
numberof resonancédderswasraisedto 64 for thoseisotopes.Testshave alsoshavn thatthe
probabilitytableschangeaccordingo thenumberof resonancéaddersused.We have therefore
choserto use64 resonancdaddersby default for every isotope. The following numberis the
printing optionwhich we setto 1 (maximumoutput,we will needtheresultfor the QA of the
library). Thelastnumberallows usto setthe numberof enegy pointsdesired.This hasbeen
setto thedefaultvalue(0, calculateall points).

The third andfourth line arethe sameasthe linesfor unresr:the temperaturethermb> and
the sg values.Thepurrinputis therefore:

purr
<binary ENDF> <binary in> <binary out>
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<mat> 1 9206410
<tempb>
le+10 1e+8 le+6 le+d le+3 3e+2 le+2 3e+l le+l

2.13 Input for ACER 1

The acermodulepreparedibrariesin the ACE format (A CompactEndf) for the MCNP(X)
continuous-engly Monte Carlo code. The ACE format containsall the detailsof the normal
ENDF format but the representatiorof the datais differentfor the sale of efciency. All

crosssectionssharea unionisedenengy grid. Crosssectionfor reactionsthat are the sum of
others(suchasthetotal crosssectionor the total inelasticcrosssection)areremoved andwill

notbeaddedo thelibrary (they will bereconstructeavhennecessarpy MCNP(X)). Angular
distributionsarecorvertedinto 32 equi-probabilitybinsor cumulatve probabilitydistributions.
Detailedphotondatawill be generatedlirectly from les 12,13, 14, 15 and 16 if they were
presentin theENDF le. Chagedparticleproductioncrosssectionsarealsoaddedo the ACE
le.

This rst acerrunwill corvertthepreviously calculatedooint-wiseENDF le alongwith other
datafromtheoriginal ENDF le intoanACE le. Thesecondacerunwill performconsisteng
checksof this ACE le andcorrectthe problemsf possible.

The rst line of the acerinput speci esthe input and output les. Therearenormally three
input les. The rst is the original ENDF le <binary ENDF> Thesecondle is the point-
wise ENDF le <binary in> from the gaspror purr run. The third input le wasnormally
usedto input the 30-by-20photonproductionmatrix. This hasnow becomeobsoleteasthe
photondatais readdirectly from the original ENDF le (if the option<iopp> online 5is set
to 1, whichis the default value). This input tapehasthereforebeensetto 0. After thesethree
input les, we needto specifytwo output les: thenew ACE le <ACE tape> anda le for the
new xsdirentry The ACE le will however be checled by the secondacerrun andthe xsdir
entryfor thelibrary will be generatedy thatrun. The fth entryonthe rst line is therefore
setto <scratch> , atemporaryle.

The secondinput line setsthe basiccharacteristicof the library. The rst number(often
referredto asiopt ) setsthe type of library. We want a fastdatalibrary soiopt is setto 1.

The secondentry determineghe outputfrom the module. No outputis requiredfrom this run
(comprehensk outputwill begeneratedby the secondrun) sothefollowing numberis 0. The
following two numbersarethe ACE le type<ntype> (whichwehavesetto 1 for ASCII tapes)
andthelibrary sufx <suff> (speci edby theuser).Becauseave donotwantto readary extra
pairsof iz andaw, thelastnumberonthisline is 0.

Thethird line is simply alabel<label> for thelibrary. Thefourth line setsthe material<mat>

andthetemperaturetempb> of thelibrary. The fth line is usedto addcertainoptionsto the
ACE le. The rst is theuseof the new formatfor MCNP4C-typelibrariesandthe seconds
whetheror notto includedetailedphotondata(the<iopp> optionmentioneckarlier).Bothare
1 by default. Thelastinputline is usedto specifyif we wantto thin the crosssectiongusing
thedefaultswill notthin arny crosssectionwhichwe will use).Theinputfor thisacerrunwill

be:

acer
<binary ENDF> <binary in> 0 <ACE tape> <binary scratch>
101 <suft> 0

<label>
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<mat> <tempb>
11
\

2.14 Input for ACER 2

As mentionedbefore thisacerrun will performanumberof consisteng testsonthe produced
ACE le andtry to correctary problemghatmightsurface.Thisrunwill alsoproduceheACE
le in the formatrequestedy the user(eitheran ASCII le of binary le). Pleasenotethat
binary les generatedy NJOY canonly be usedon the systemon which they were created.
Theinputfor thisacerrunis quite similar to thatof the previousrun.

The rst input le hasbeensetto 0 aswe will not be needingit. The secondnput le is the
ACE le <ACE tape> producedn the previousrun. WhenperformingACE consisteng runs,
thethird entry on this line is not usedfor aninput le but for anoutput le <plot file> (a
positve numberbecausét is anASCII le) containingplotinstructionsfor viewr and/orplotr.

Thelasttwo les will bethe nal ACE le <final ACE>andthe le <xsdir> containingthe
xsdirline for thelibrary.

To performthe ACE consisteng check,<iopt> (the rst entryonline 2) will be setto 7 for
ASCII ACE les. Theprint controlis setto maximum(1). Thetype <ntype> of ACE le is
eitherl for anASCII le or 2 for thebinary le (speci edby theuser).Thenext numberis -1

to specifythatwe do notwantto changeary materialgn thelibrary. Thisline is thenfollowed
by thelabel<label> . Sotheinputfor thisacerconsisteng runwill be:

acer
0 <ACE tape> <plot file> <final ACE> <xsdir>
7 1 <ntype> -1

<label>

2.15 Input for ACER 3

This acerrunwill corverta previously calculatedpoint-wiseENDF le alongwith otherdata
from the original ENDF le into ay-type ACE le. Thisacerrunis very similar to the oneof
ACER1. Theonly differenceis thatiopt is setto 3 for a dosimetrylibrary andthatthe last
two inputlines(concerningohotonsandthinning options)areomitted:

acer
<binary ENDF> <binary in> 0 <ACE tape> <binary scratch>
301 <suff> 0

<label>

<mat> <tempb>
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Chapter 3

Library QA - Verifying CorrectProcessing

3.1 Intr oduction

WhenNJOY has nished creatingan ACE le, the datahasto be veri ed to ensureproper
processing.Most of the time, we canrely uponNJOY itself to do this. NJOY veri es if the
necessaryatais available,the secondacerrun performsACE consisteng checksandcorrects
problemsf any arefound,... We canhowever notrely on NJOY alone.Soin additionto the
internalNJOY processin@A, we have to performthefollowing stepsaswell:

Checkthe NJOY outputto analyzewarning messagesnd errors, to verify resonance
reconstructiorerrors,to verify the correctprocessingf the unresolhed resonancerob-
ability table,andto procesgheresultsfrom the acerconsisteng check.

Checkcrosssectionplotsto nd anomalies.

MCNP(X) testingto seeif MCNP(X) acceptshe ACE le.

During the preparatiorof the ENDF60[12, 16] andENDF66][1, 13] standardibraries,LANL
alsotested(andcorrected}thelibrary les usingspecialpurposecheckingcodes:

CHECKTHRESH:this codeperformsreactionthresholdprocessingo comparethresh-
old enegieswith kinematicthresholdgor negative Q-valuereactions.

CHECKND_NEUT this checksthe secondarneutrondistributionsusinglaw 4 and44.
It veri es thattheinterpolationschemesreused(1 or 2), it identi es ary negative prob-
ability densityfunctions(or PDF)valuesandit checksf neutronscanbe producedwith
anenegy greaterthantheinitial enegy (including ssion). In the caseof negative PDF,
thenegative valuesaresetto zeroandthedistributionis renormalizedlt alsocorrectshe
secondanneutrondistributions(exceptfor ssion) for enegiesgreaterthantheincident
neutronenegy.

CHECKND: this checkgsthe secondarphotondistributionsusinglaw 4 and44.

CHECKS: this checksdata les usingthe mt5 reactionwhich is usedto combinemary
reactionsnto onesinglereactionathighincidentneutronenegies(typically 20MeV).

CHECK_URES[12]: this checksthe properprocessingof the unresolhed resonance
probabilitytables.
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Noneof thesecodesareavailableto usbut someof themhave alreadybeenaddedo theinternal
NJOY testing.All correctionsandtestsof CHECKTHRESHarenow performedby default by

thereconrmodule seesection3.2.1. Thetasksof CHECKND_NEUTandCHECKND arenow

performedby aceritself (seesection3.2.1)or during the acerconsisteng check(seesection
3.2.5). Only the CHECK_URESand CHECKS5 testshave not (yet) beenadded.Becausdhe
unresolhedprobabilitytablesareavery importantpartof thelibrary, we will provide testingof

our own to ensurecorrectprocessingseesection3.2.4).

3.2 NJOY Output Processing

3.2.1 CommonNJOY Warnings

Whenerer NJOY encountersn abnormalsituationit will issuea warningmessageln some
casesNJOY will take stepsto correctthe problem. All thesemessagebave to be collected
and understooeforethe producedibrary les canbe approed. The following is a list of
messagethatcanbeencountered:

changed threshold from .. to .. for mt..

Whenreconrgoesthroughthereactiongjivenin the ENDF evaluation,it alsocheckshe

thresholdenepy E;, acgainstthe Q-valueandtheratio ANVR (theratio betweertheatomic

weightandthe neutronmass)oundin the ENDF le. If thecondition

ANVR+ 1
ANVR

is notsatis ed, thethresholdenegy is changedandreconrwill issuethiswarning.

Ein Q (3.2.1)

Initially, NJOY only gave this warningif the changes greaterthan0.1%but it appears
thatNJOY 99.90will issuethe warningregardlessof the changeso the majority of all
warningsencounteredvill be this one. This warning can be ignored (or a corrected
evaluationshouldbeused).In the caseof 233Pa from ENDF 6.8, 3P and®°zr from JEFF
3.0and®Be and3!P from JEFF3.1, this canalsoleadto a warningin acer(seebelow)
dueto roundingerrors.

---message  from emerge---nonpositive elastic  cross sections  found

The reconrmodulefound a nonpositve elasticcrosssectionandsetit a very small but

positive value. Thiscanoccurdueto anumberof reasongseethehandboolontheENDF

format[6], p 2.34to 2.36). This canoccurwhenSingleLevel Breit Wigner (SLBW) is

usedorepresentheresonancearameters) le 2oftheENDF le. In olderevaluations,
the negative crosssectionis mostlikely causedy this formalism. Althoughthe useof

SLBW is discouragedandit is thereforeno longerusedin newver evaluations)n favour

of formalismssuchasMulti-Level Bright Wigner(MLBW), R-matrix,Reich-Mooreand
R-functionformalismesit is still possibleto have negative scatteringcrosssections.

For now, thebestthingto dois to look atthe crosssectionitself to seehow “bad” it is or
to useanotherevaluationwithoutthis problem.
---message  from lunion---xsec nonzero at threshold for mt=...

Theinitial valueof athresholdreactioncrosssectionis differentfrom zero. NJOY has
correctedthis by usinga jump in the crosssectionat the thresholdenegy. Becauseof
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this correction,acerandMCNP(X) will however give a warningconcerningcoincident
enegy points(seebelow). Thismessageanbeignored but theevaluationshouldmaybe
becorrectedaswell.

---message  from broadr---desired mat and temp not on tape

The materialor the temperaturespeci ed arenot presenin theinput ENDF le. In the
caseof ALEPH-DLG, this error shouldnot occurasevery nuclidehasa seperatele in
the evaluatednucleardatadistributed alongwith the code. The materialnumberitself
andtheinitial temperatur@arereadfrom the le itself.

Thethermrmoduleis alsoknown to issuethis errorwhenpreparingS(a,b) tableswhen
the temperatureasked by the useris too differentfrom the temperaturest which the
S(a,b) tablesaregivenin the ENDF le.

---message  from broadr---no broadenable  reactions

Apparently the evaluationfor this nuclideis incompleteasit missesreactionsthatcan
be broadeneduchasmt2 (elasticscattering) mt18 ( ssion), mt102(n,g),... Nuclides
with this problemshouldnot be usedin a library asmostof the importantreactionsare
simply missingfrom the le. An exampleis 2*Mg from ENDF-B6.8.

---message  from stounx---sigma zero data removed from unresolved

The input PENDF tape alreadycontainsan unresoled sectionin le 2. This section
hasbeenremored by NJOY. In the caseof ALEPH-DLG, this errorshouldnot occuras
unresris alwaysrun afterbroadr(if resonanc@arameterarepresent)seesection2.2.

---message  from unresr---mat... has no resonance parameters
---message  from unresr---mat... has no unresolved  parameters

This messages issuedby unresr(similar messagesare issuedby purr aswell) if the
input ENDF le hasnoresonancgarameterpresen(i.e. le 2, mtl51lis empty).In the
caseof ALEPH-DLG, theseerrorsfrom unresrshouldnot occurbecauséhe ENDF le

is checledfor resonanc@arametergbothresohedandunresolhed)beforeNJOY is run.

---message  from rdunf2---resolved-unresolved overlap  energies
---message  from rdunf2---unresolved-smooth overlap above e= <E>

Thesemessageareissuedby unresrwhentheresolhedandunresoledresonanceange
overlapand/orwhenthe unresolhed resonanceangeoverlapsthe smoothcrosssection.
This type of problemoccursmostly for elementakvaluations.NJOY will dealwith this
sothismessageanbeignored.If theresoledenegy rangeoverlapstheunresoheden-
ergy rangecompletely NJOY will notproduceunresoledresonanc@robabilitytables.

---message  from heatr---mt301 always calculated

mt301is thetotal heatproductionandis calculatedy defaultsoit shouldnotbeincluded
in the partial kermasto be calculatedby heatr In the caseof ALEPH-DLG, this error
shouldnot occur(seesection2.8).

---message  from hinit---mf4 and 6 missing, isotropy  assumed for mt...

The ENDF le containscrosssectionsin the mt600to mt800 rangebut thesedo not
have correspondingentriesin le 4 (angulardistributions)or le 6 (enegy-angledis-
tributions). In orderto continue,NJOY assumesn isotropicangulardistribution. This
messageanbeignored,but the evaluationshouldmaybebe correctedaswell.
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---message  from hinit---mt18 IS redundant

In the ENDF format, mt18 (total ssion) is alwaysthe sumof mt19, mt20, mt21 and
mt38. If ary of theseare presentheatrwill usethe spectraassociatedvith thesemt-
numbersandignorethe spectrumof mtl18. This s just aninformative messageandcan
beignored.

---message  from hinit---mt19 has no spectrum

As mentionedbefore,mt18 (total ssion) is the sumof mt19, mt20, mt21 and mt38.
In someevaluations thesepartial ssion reactionsaregiven but they have no spectrum
associateavith them.heatrwill now assumehatthe spectrumassociateavith mt18has
to beusedinstead.Thisis justaninformatve messag@andcanbeignored.

---message  from hinit---mt458 is missing for this mat

Enegy releasan ssion for incidentneutrongdmt458)is missingfrom the ENDF le of
a ssile nuclide.No partialcomponent®f the ssion enegy releasearegivenwhile they
arerequiredto calculatethe heating. This message&anbeignored,the only solutionis
to usea correctedevaluationwhich includesmt458.

---message  from hinit---mf6, mt.. does not give recoill za=...

Theenepy-angledistributionfor thespeci edparticleis missingin le 6. NJOY requires
enepy distributionsfor all secondaryparticlesfrom a reactionto computethe enegy
deposition.In this case NJOY hasto make anassumptiorandgeneraten approximate
to the dataneeded.This message&an be ignored,but the evaluationshouldmaybebe
correctecaswell.

---message  from nheat---changed q from .. to

NJOY doesnotincludeenegy from delayedemissionlgammasandbetas)n the prompt
heating. The ssion Q-valueis changedrom the total valuegivenin le 3to aprompt
value usingthe delayedneutronenegy from mfl, mt458. This is just aninformative
messagandcanbeignored.

---message  from sixbar---no distribution for mt.. particle

The ENDF6 formatallows an evaluatorto describea subsectiorof le 6 usingLAW=0

(no distribution given). Thisis ne for particleyieldsfor gasproduction,... but they

arenotadequatdéor computingheatinganddamage This canbeignoredif no corrected
evaluationis available. The JEE JEFFand ENDF/B evaluationsdo not appearto have

thiserror.

---message  from hgtfle---lab distribution changed to cm for mt...

ENDF proceduresequirethattwo-bodyreactionsbe describedn the CM systembut in
older evaluations(and mostof the time for relatvely heavy targets),it is possiblethat
the LAB systemis used. For thoseheary tamets, changingto CM will causeonly a
small change.In thesecasesthis messageanbeignored. The JEFE JEFFandENDF
evaluationsdo not appeato have thiserror.

---message  from gheat---no  file 12 for this material

File 12 (multiplicities for photonproduction)is missingfrom the ENDF le. Thisis an
informative messagenly andcanbeignored.
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---message  from purr---no heating found on pendf

The unresoled resonancegrobability tablesalso contain heatingnumbersassociated
with theunresoledresonancedt is thereforerequiredthatheatrbe run beforepurr. In
the caseof ALEPH-LDG, this error shouldnot occurasheatris alwaysrun beforepurr
(seesection2.2).

---message  from purr---no  partial  heating xsecs found on pendf

Apartfrom thetotalheating(mt301),purrrequireshepartialheatingfrom elasticscatter

ing (mt302), ssion (mt318)andthe(n,g)-reaction(mt402).If thesewerenot calculated
by heatr this warningis issued. In the caseof ALEPH-DLG, this warningshouldnot

occurasthesepartialkermasarecalculatedoy default (seesection2.8).

---message  from purr---mat... has no resonance parameters

When a materialhasno resonancearametersassociatedvith it, this messagewill be
issued.It canbeignored.This messagshouldnotoccurin the caseof ALEPH-DLG as
the programwill checkfor resonanc@arameterseforerunningNJOY.

---message  from purr---mat... has no unresolved parameters

The entireresoled enegy rangeseemdo overlapthe unresolhed enegy rangefor this
material.NJOY dealswith thisbut noprobabilitytableswill begeneratedby purrasthere
won't bearny unresoledresonanc@arameterteft (they areremovedfromthe le). This
canoccurfor elementakvaluationsandcanbeignored.

Anotherpossibilityis thatthe materialhasno unresoled resonanceandthat purr was
run. In the caseof ALEPH-DLG, this shouldnot occuras ALEPH-DLG checksthe
ENDF le for unresoledresonances.

---message  from purr---resolved-unresolved overlap  energies

This messagés linkedwith the previousmessagelt is issuedby purrwhentheresohed

andunresolhedresonanceangeoverlap. Thistypeof problemoccursmostlyfor elemen-
tal evaluations.NJOY will dealwith this sothis messageanbeignored.In the caseof

ALEPH-DLG, this messagshouldnot occurasunrests run beforepurr.

---message  from unionx---redundant mt=10 found

SomeJEF EFF and JEFFevaluationscontaina redundanteactionmt10that givesthe
continuumneutronproduction. It is necessaryo excludethis reactionfrom the recon-
structedtotal crosssectionandto omit the associatecnegy-angledistribution. Oth-
erwise,the continuumneutronproductionwill be countedtwice (seeNJOY 99.18and
99.19[8], datedAugust3, 2000).

---message  from ptleg2---negative probs found

Secondarnyparticleenegy and/orangledistributionscanbe representedsinga in nite
serialdecompositionn Legendrepolynomials.Becausanin nite serieds notpractical,
it hasto becutoff ata certainorder(in the ENDF format,theupperlimit is 64). Because
the Legendrepolynomialsare not necessarilypositive, this canintroducesareaswhere
the seriesleadsto negative values- which is physically impossible.An evaluationwith
this errorshouldbe correctedfor instanceby usinga higherordercut-off).
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This messageccurswhenthe acermodulehasfound sucha negative probability distri-
bution function (or PDF) value. To “solve” the problem,acerhassetthe valueto zero
andhasrenormalizedhedistribution backto 1. The CHECKTHRESHcodewasusedto
verify andcorrectthis for ENDF60andENDF66 (beforeit wasaddedo NJOY).

---message  from ptleg---negative area between mu=.. and
e= ..

The ptleg subroutineof theacermoduletranslate€£NDF Legendreangulardistributions
into takulatedform with equalprobability mintervals. In this routinethe cosineinterval

m=-1to 1is dividedinto 1000intervalsandintegrated.Whentheintegral of theangular
distribution over suchanintenal is negative, we receve this messageThis is causedy

the factthatthe Legendrepolynomialseriescanleadto negative values(seethe ptleg2

problemon negative probabilities).O-16from ENDF/B-VI.8 (which hasbeentakenover
to JEFF3.1)is known to have this problem.

---message  from unionx---threshold error

This erroris encounteredor instancefor 233Pa from ENDF/B-VI.8, 3P and°°Zr from
JEFF3.0and®Be and3!P from JEFF3.1. This errornormally surfaceswhenthereis an
inconsisteng betweerthe thresholdenepgy of areactionin the ENDF le andthevalue
calculatedoy NJOY (seethe rst errordescribedn thissection).Thisis alreadychecled
andcorrectedn reconrsothiserrorshouldneveroccur However, NJOY usesENDF les
to transferinformationbetweemmodulesn which any numberis roundedo 6 signi cant
digits. In the caseof theabore mentionecdhuclides thedifferencebetweerthe calculated
valueandthe onein the ENDF le occursin the 7th signi cant digit (whichis lost due
to rounding).As such,this errorcanbeignored.

---message  from consis---consistency problems  found

The secondacerrun providesa consisteng checkof the ACE le producedby the rst
acerrun. Wheneer somethingabnormais found, this messagevill beprinted.In some
casestheerrorshouldhave beencorrected Seesection3.2.5for moreinformation.

The following warning messagesan be issuedfrom time to time but they are not errors, it
concerndeaturessupportedy theENDF le thathave notyetbeenaddedio NJOY:

---message  from ...---calculation of angular distribution
not installed
---message  from rdf2hy---hybrid competing reactions  not yet

added to file 3

3.2.2 CommonNJQOY Errors

Whenerer NJOY issuesanerror, theNJOY runwill beterminatecandno nal library les will
be produced Commonerrormessageare:
***error in  findf*** mat.. mf 5 mt 22 not on tape

To performheatrcalculations this modulerequiresthat le 4 (angulardistributions of
secondaryarticles)and le 5is presentor everyreactionspeci edin the le. If it isnot
presentheatrwill givethiserrorandno ACE le canbeproduced.
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**kerror in  findf+** mat.. mf 3 mt 2 not on tape

Thethermrmodulecanissueshis errorwhenit cannot nd the elasticscatteringcross
section(mt2). Becauseof the absencef this crosssection,the evaluationthat caused
this erroris not suitedfor transportcalculations.

**kerror in acelf5***sorry. acer cannot handle If=5

Theacermoduleneedsle 5 data(enegy distributionsof secondaryparticles)from the
ENDF le usinglaw 1. Apparantly this evaluationuseslaw5. 233U from JEF 2.2 is
known to have this problem.

3.2.3 ResonancdReconstruction

The reconrmodulereconstructsesonancerosssectionsusingthe resonancgarameterand
linearizescrosssectionghatusenon-linearinterpolationscheme®n a unionizedenegy grid
(all crosssectionsof thesamenuclidewill usethesameenengy grid). Duringthereconstruction
and linearizationof the crosssection,two criteriawill be used(aswas explainedin section
2.4): thefractionalreconstructioriolerance<err> andthe maximumresonancéntegral error
<errint>  with its associatedeconstructiortolerance<errmax> . If we asked for maximum
accuray, thetolerance<err> will beusedin thelinearizationof the entirecrosssection.As a
result,the le will beratherlarge dueto the large numberof points. To avoid large les, the
maximumresonancentegral error <errint>  andthe reconstructiortolerance<errmax> are
used.In thatcasethetolerancecerrmax> will beusedfor thelinearizationof thecrosssection
if the error on the resonancentegral (seeequation2.4.1) satis es the maximumresonance
integral error<errint> . If thisis notthe casethe crosssectionis linearizedto within <err> .
After nishing thereconstructionthereconrmodulewill printasummarytableof thepossible
resonanceéntegral error duereconstructiorprocess.This tablemustbe checled to seeif the
erroris nottoo large. For 23°U from JEF2.2 (using<err> = 0:001andthe default valuesfor
the othertolerances)this summarylookslik e this:

estimated  maximum error  due to
resonance integral check (errmax,errint)

upper elastic percent capture percent fission percent

energy integral error integral error integral error
1.50E-01
1.00E+00 2.75E+01 0.000 4.31E+01 0.000 2.41E+02 0.000
2.00E+00 9.41E+00 0.000 7.35E+00 0.000 2.62E+01 0.000
5.00E+00 1.15E+01 0.000 1.25E+01 0.000 1.52E+01 0.000
1.00E+01 8.26E+00 0.000 2.25E+01 0.000 3.58E+01 0.000
2.00E+01 8.77E+00 0.000 2.81E+01 0.000 3.43E+01 0.000
5.00E+01 1.18E+01 0.000 2.40E+01 0.000 3.90E+01 0.000
1.00E+02 9.41E+00 0.000 9.94E+00 0.000 2.36E+01 0.000
2.00E+02 8.80E+00 0.000 6.99E+00 0.001 1.44E+01 0.000
5.00E+02 1.20E+01 0.001 5.42E+00 0.009 1.49E+01 0.003
1.00E+03 9.26E+00 0.008 3.01E+00 0.082 7.70E+00 0.044
2.00E+03 9.35E+00 0.030 2.32E+00 0.284 5.09E+00 0.194

In the casewheremaximumaccuray is requestequsing<err> = 0:001),the numbersn the
errorcolumnsabove areall zero.If theerrorsaretoolarge,theusercansimply decreaseerr>
andrunthe ALEPH-DLG again.
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3.2.4 Unresolhed Probability Tables

As was mentionedalreadyin the introductionof this chaptey we will provide for testingof
theunresoled probabilitytables.For this, we will performmostof thetestsperformedby the
CHECK_UREScode[12] in oneform or another:

1. Comparehein nite dilution crosssectionsobtainedfrom unresrby thosecalculatedoy
purr and comparethe in nite dilution total crosssectionswith the sumof the in nite
dilute elastic, ssion andcapturecrosssectionfor boththe valuesfrom unresrandpurr.
Fractionaldifferencesof morethan1 10 0 arenoted.

2. Compardor eachprobabilitybin thetotal crosssectiorwith thesumof theelastic, ssion
andcapturecrosssection.Differencef greaterthan1% arenoted.

3. Compardheaveragecrosssectionvaluesfrom theladdercalculationwith thoseobtained
throughthe probabilitytableitself.

4. Checkif the cumulative probabilityis correctlynormalizedto 1 (give or take 1 10 10)
andcheckfor abnormakeroprobabilitybins.

5. Checkthe rows of the probability table for negative sectionsand abnormalzero cross
sections.

To performall thesetests,we requireoutputfrom unresrandpurr. The outputrequiredfrom
unresrookslik e this:

mat = 9228 temp = 3.000E+02 156.4s
energy = 2.2500E+03
1.965386E+01 1.971737E+01
1.193998E+01 1.190749E+01
5.676103E+00 5.776320E+00
2.037776E+00 2.033569E+00
1.965386E+01 1.970294E+01
energy = 2.5000E+04
1.410649E+01 1.417948E+01
1.117963E+01 1.118742E+01
2.193470E+00 2.243744E+00
7.333833E-01 7.483203E-01
1.410649E+01 1.421079E+01
generated cross sections at 14 points 156.8s

Every enegy hasa sectionof 5 principal rows with valuesfor every sg usedin the unresr
calculation. For out purposeswe only requirethe rst 4 rows: total crosssection,elastic
scatteringcrosssection, ssion crosssectionandcapturecrosssection.

Thein nite dilute valuesthatwe requirearethevaluescorrespondingvith so = 1 10 19, thus
the rst numberof every row. We do notrequirearny moredatafrom the unresroutput.

The rst partof the outputof purr (theresonancéaddercalculation)lookslike:

e= 2.2500E+03 spot= 1.1663E+01 dbar=" 1.4860E-01 sigx=-1.0982E+00
total elastic fission capture
1 1.834095E+01  1.192793E+01  5.514789E+00  1.996443E+00
2 1.806467E+01  1.183139E+01  5.442632E+00  1.888858E+00
63 1.869559E+01  1.197010E+01  5.736949E+00  2.086754E+00
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64 1.845823E+01  1.198738E+01  5.358015E+00  2.211053E+00
bkgd -1.098214E+00 0.000000E+00  0.000000E+00  0.000000E+00
infd  1.855565E+01  1.193998E+01  5.676103E+00  2.037776E+00
aver 1.854919E+01  1.192393E+01  5.685923E+00  2.037549E+00
pcsd 1.73 0.35 4.39 5.22
nres 3675

Theinformationthatwe requirecanbefoundonthelineslabeledbkgd (thebackgrouncdross
section),nfd (thein nite dilution crosssection)andaver (theaveragecrosssectionfrom the
laddercalculation). The valuesof the in nite dilute crosssectionthat we readherewill be
comparedo theonesfrom unresr If thefractionaldifferencede ned as:

S1 S»2
S1+ S»

d=2 (3.2.2)
is greaterthan1 10 8, it is agged.

Theaveragecrosssectionswill be comparedo the averagecrosssectionscalculatedusingthe
probabilitytableitself. Thein nite dilution total crosssectionswill becomparedvith thesum
of thein nite dilute elastic, ssion andcapturecrosssectionfor both the valuesfrom unresr
andpurr. If thefractionaldifferenceof thesevaluesis largerthan1 10 ©

Thesecondoartof the purr outputthatwe needarethe Bondarenk crosssectionvaluescalcu-
latedduring the resonancéaddercalculationandthe onesobtainedfrom the probability table
itself:

bondarenko cross sections by direct  sampling

temp sig0
1.000E+10
1.000E+08
1.000E+06
1.000E+04
1.000E+03
3.000E+02
1.000E+02
3.000E+01

1.000E+01

bondarenko
temp

Cross
sig0
1.000E+10
1.000E+08
1.000E+06
1.000E+04
1.000E+03
3.000E+02
1.000E+02
3.000E+01
1.000E+01

p0 total
1.854919E+01
1.854919E+01
1.854917E+01
1.854733E+01
1.853099E+01
1.849152E+01
1.839740E+01
1.819281E+01
1.796377E+01

sections

pO total
1.854919E+01
1.854919E+01
1.854917E+01
1.854735E+01
1.853120E+01
1.849215E+01
1.839891E+01
1.819577E+01
1.796787E+01

elastic
1.192393E+01
1.192393E+01
1.192393E+01
1.192373E+01
1.192195E+01
1.191765E+01
1.190743E+01
1.188533E+01
1.186076E+01

from probability

elastic
1.192393E+01
1.192393E+01
1.192393E+01
1.192373E+01
1.192197E+01
1.191772E+01
1.190760E+01
1.188566E+01
1.186121E+01

fission
5.685923E+00
5.685923E+00
5.685911E+00
5.684750E+00
5.674431E+00
5.649500E+00
5.589969E+00
5.460253E+00
5.314528E+00

table
fission
5.685923E+00
5.685923E+00
5.685911E+00
5.684763E+00
5.674560E+00
5.649890E+00
5.590911E+00
5.462109E+00
5.317114E+00

capture
2.037549E+00
2.037549E+00
2.037544E+00
2.037066E+00
2.032824E+00
2.022586E+00
1.998212E+00
1.945442E+00
1.886700E+00

capture
2.037549E+00
2.037549E+00
2.037544E+00
2.037072E+00
2.032879E+00
2.022754E+00
1.998614E+00
1.946219E+00
1.887762E+00

pl total
1.854919E+01
1.854919E+01
1.854915E+01
1.854548E+01
1.851287E+01
1.843462E+01
1.825068E+01
1.786189E+01
1.744056E+01

pl total
1.854919E+01
1.854919E+01
1.854915E+01
1.854552E+01
1.851328E+01
1.843584E+01
1.825343E+01
1.786675E+01
1.744680E+01

The rst columnspeci esthetemperaturgasthis temperaturés alwaysthe samethis column
hasbeenomittedhereto save space).The secondcolumngivesthe valuesfor sg usedduring
thepurr calcualtion.By comparinghe Bondarenk valuesfrom bothtableswe canverify if the
probabilitytablehasproperlyconverged. Thefractionaldifferencgseeequatior3.2.2)between
all the valueswill be calculated.For our testingpurposespnly the valuescorrespondingo
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in nite dilution (the rst row in bothtables)will be checled. If they differ morethanl 10 ©,

they will be agged.

The last and mostimportantpart of the outputfrom purr is the unresolhed probability table

itself:

probability table

tmax 3.000E+02 1.201831E+01  1.261949E+01  1.356637E+01  1.419041E+01
1.791403E+01  1.871510E+01  1.956751E+01  2.057384E+01

prob  3.000E+02  7.796875E-03 1.883438E-02 5.639062E-02 5.165625E-02
6.547187E-02 7.194375E-02 6.684688E-02 6.748437E-02

tot 3.000E+02  1.170478E+01  1.235343E+01  1.313803E+01  1.388688E+01
1.758274E+01  1.830972E+01  1.913166E+01  2.005815E+01

els 3.000E+02  1.099083E+01  1.123850E+01  1.137478E+01  1.145801E+01
1.180997E+01  1.185938E+01  1.195296E+01  1.203619E+01

fis 3.000E+02  1.380561E+00  1.683303E+00  2.169138E+00  2.656165E+00
5.108826E+00  5.585539E+00  6.121269E+00  6.747109E+00

cap  3.000E+02 4.316021E-01  5.298332E-01  6.923205E-01  8.709229E-01
1.762154E+00  1.963021E+00  2.155649E+00  2.373061E+00

The entireprobabilitytableis readandfor every bin, the total crosssectionis comparedwith
the sumof the elasticscattering, ssion andcapturecrosssection.If the fractionaldifference
is greaterthan1 10 2, it is agged. Using the fractional probability valuesthe cumulatize
probabilityis calculated.If it differsfrom 1 by morethan1 10 2, it is agged. The average
crosssectionvaluesarecalculatedusingthefollowing formula:
Saver = é PiSi (3.2.3)
|
Thefractionaldifferencecriteriumin thiscaseis 1 10 °. Theprobabilitytableis alsochecled
for abnormalzero crosssectionsand negative crosssections. Zero crosssectionscan occur
eitherin the lower bins becausehe crosssectionbecomesrery small or whenthe particular
row hasa fractionalprobability of zero(in this case therow will never be sampled).In these
caseszerocrosssectioncanbe allowed. Negative crosssectionshowever cannotbe allowed
(andthelibrary le hasto berecalculatedvithout probability tables),unlessthey appeaiin a
row with zerofractionalprobability (in which casethey will notbeused).

3.2.5 ACE ConsistencyCheck

LOOK AT THIS PART AGAIN

As wasmentionedn section2.14,the secondacerrun will performa numberof consisteng
testson the ACE le thatwas producedandto correctsomeof the problemsthat might be
detectedThetestsperformedby acerarethefollowing:

Do thresholdvaluescorrespondo Q-values?

Is theenegy grid monotonicallyincreasing?

Checkthe angulardistributionsfor the correctreferencdrame(eitherCM or LAB)
Checktheangulardistributionsfor unreasonableosines

Is theemissionenepgy lessthantheincidentenegy?

o g M W Dd P

Do summatiorcrosssectionanatchsums?
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7. Ensurethatprobability densityfunctionsarenon-nejative
8. Are only appropriatenterpolationvaluesused?

9. Do thresholdreactionsstartwith a zerocrosssection?

Tests1, 7 and 9 shouldhave alreadybeenchecled and correctedoy NJOY itself during the
calculationof thelibrary le (testl and9 by reconrandtest7 by acer).Test6 shouldnormally
not give ary problembecauseeconrrecalculates®very summationcrosssection. The same
goesfor test2, reconrmadethe unionizedgrid sowe canassumehatit is monotonic.Only if
two pointswith the sameenegy arefound (thatis, a jump in the crosssection),a consisteng
problemwill be signaledbut this canbe ignored. Pleasenote that MCNP(X) will probably
signalthis problemaswell whenit readghecrosssectiondata. Thisis anexamplefor Am-243
from ENDF-B6.8:

check that main energy grid is monotonic
consis:  energy  3.00000100E-01 less than  3.00000100E-01
(see point no. 27287)

Evaluationswith maximumenepiesabove 20 MeV (all nuclidesfrom the LA150 library con-
tainedwithin ENDF-B6.8andthosecarriedover from LA150 to JEFF3.0) areknown to give
problemswith test5. For instance:

check energy distributions
consis:  ep.gtepmax  8.509482E-12 with q.lt.0  for (nX)
at e 1.000000E-11 -> 1.000000E-11
consis: awr.lt.180---this is probably an error.
consis:  shifting eprimes greater than epmax and renorming
the distribution

check energy distributions
consis:  ep.gtepmax  9.890043E-12 with q.lt.0  for (nxX)
at e 1.000000E-11 -> 1.000000E-11
consis:  awr.ge.180---there could be a legitimate positive-q
channel or admixed fission.

No mentionof theseproblemsawvasfoundin thedocumentatiomf ENDF60andENDF66sowe
assumehatthisis notaproblem.Furthermorein caseof the rst of theseerrors,it is corrected
by aceritself.
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Chapter 4

ALEPH-DLG (Data Library Generator)

4.1 Intr oduction

ALEPH-DLG (DataLibrary Generatorjs theauxiliary computeicodeto ALEPH thatproduces
crosssectiondata les for usein ALEPH. As wasexplainedin theintroduction, ALEPH-DLG
automatesheentireprocesf generatindibrary les with NJOY andveri es theprocessing.
ALEPH-DLG startsby readingthe nuclides ENDF le andextractingthefollowing data:

the ENDF materialnumber:NJOY needghis asaninput parameter

theLFR parametethatindicatesvhetheror notthematerialhasresonanc@arametersif
thisvalueis setto 1 (thematerialhasresohedand/orunresoledresonanc@arameters),
ALEPH-DLG will scantheresonanc@arameter§le 2, mtl51)to seeif unresoledres-
onanceparameterarepresent ALEPH-DLG will only runthe unresrandpurr modules
if thereareunresolhedresonancede nedin theENDF le.

theLFl parametethatindicateswvhetheror notthematerialis ssile: if thisis 0, heating
dueto ssion (mt318)will notbespeci edin theheatrruns

thetemperatur@EMPof the ENDF le

ALEPH-DLG will thenproducea tailor madeNJOY input le usingthe previously extracted
dataandrun NJOY to producethelibrary le of thetypedemandedy theuser WhenNJOY
has nished, ALEPH-DLG will extractall messageandwarningsfrom NJOY andprint outa
shortexplanationof the messagén question.Thecodewill alsotesttheunresoledresonance
probability tables. If ALEPH-DLG nds negative values,it will rerunNJOY for this nuclide
but without unresoled resonancerobability tables. Before startingwith the next nuclide,
ALEPH-DLG will print outasummaryreportontheNJOY processing.

4.2 Running ALEPH-DLG

ALEPH-DLG usescommandine arguments:
aleph-dlg  inputfile < output_string >

inputfile is requiredandpointsto theinput le of ALEPH-DLG.< output_string >jisan
optionalinput agumentthat canbe usedto adda string to the namesof thelibrary les that
areproducedoy ALEPH-DLG. Whenthis optionalstringis used theoutput le will benamed
output_<  output_string >, If not,theoutput le will simply benamedoutput .
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Table4.1: Overview of the ALEPH-DLG input keywords.

Keyword | Required| Keyword Use Section
C no Commentine 4.3.10
DAT no An optionaldatapatho the ENDF les 4.3.3
END yes EndsALEPH-DLG input 4.3.12
LIB no? Thelibrary numberfor stableandmetastableuclides | 4.3.7
MAT yes Thematerialsfor whichadata le will becreated 4.3.9
NJOY yes TheNJOY executablename 4.3.8
OouT no Speci esALEPH-DLG outputoptions 4.3.11
TIT no Thetitle for thelibrary 4.3.1
TMP yes Thetemperaturef thedata les thatwill begenerated 4.3.2
TOL no® Thereconstructiortoleranceusedfor thelibrary 435
TYP yes Thetypeof data les thatwill begenerated 4.3.6
UPT no® Probabilitytablesin theunresoledresonanceange 4.3.4
$ no Commeniafterakeyword 4.3.10

a|f noglobalnumbersareset,alibrary numbemustbe speci edfor everyisotopein the MATkeyword.
b |f noglobaltoleranceds speci ed, atolerancemustbe speci edfor every isotopein the MATkeyword.
¢ If this globaloptionis not used it mustbe setfor every isotopein the MATkeyword.

4.3 The ALEPH-DLG Input File

This sectiondealswith the differentinput optionsfor ALEPH-DLG. We have chosento use
a keyword approachsimilar to thatusedin ALEPH (which wasbasedon the keyword system
usedoy ORIGEN).As we pointedoutbefore we strivedto make ALEPH-DLG assimpleto use
aspossibleandthis re ects in theseinput options. The numberof keywordsthatareactually
requiredis keptassmallaspossible(seetable4.1). Thisinput le is simply endedwith theEND
keyword. Beforestarting,we would like to make the following remarksconcerningheinput
andthenotationsusedin this manual:

File anddirectoryspeci cationcanbe doneusingthe rulesunderunix. Specifyingdi-
rectoriess donewith the“/” charactefandnotthe backslasitharacteasis doneunder
windows). To specifya pathfrom theroot directory thedirectorymustbegin with a“/”
character For a subdirectoryfrom the currentworking directorythis not required.It is
alsoadvisableo usedirectorynameswithout white space.

Anythingappearingetweerx .. >isoptionalinput. Thismeanghattheuserhaseither
to choosebetweerdifferentoptions,or thatthis is not requiredif certainconditionsare
met (for instancethe previous useof a certainkeyword).

Althoughall the keywordsin this manualarein capitalletters, ALEPH will alsoaccept
keywordsin smallletters.As such,UPTor upt areacceptedbut Upt will notbeaccepted.

4.3.1 Library Title - TIT keyword
TheTIT keyword canbe usedto specifya globaltitle for thelibrary:

TIT title
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Thetitle of thelibrary (bothin the ENDF- les asin the ACE- les) will thenbesetto:
ZAMID title

whereZAMID (similarto the ZAID identi cation usedoy MCNP(X)) is the ORIGENIidenti ca-
tion numberof theisotopefor whichwe arethe le wasgeneratedqusingthe elementumber
Z, theatomicmassnumberA andthe metastablestateMwhichis eitherQ or 1):

ZAMID= 1000QZ+ 10A+ M= 10ZAID + M (4.3.1)
This keyword is notrequired.Whenit is not presentZAMID will beusedasthelibrary title.

4.3.2 Library ReconstructionTemperature- TMP keyword

This keyword hasto beusedto setthe nal (broadeneddemperaturéempb of thelibrary. This
temperaturdnasto be speci ed in K. This valuewill be usedby the broadr(seesection2.5),
unresr(seesection2.7),thermr(seesection2.10),purr (seesection2.12)andacer(seesection
2.13)modulesof NJOY. Thesyntaxfor this keyword is simply:

TMP tempb

As wasexplainedin the previous chaptey this temperaturéempb is not the only temperature
requiredasinputfor NJOY. Theothertemperatureisedoy NJOY isthe ENDF le temperature
tempr for the reconrmodule(seesection2.4). This temperaturecanbe found in the ENDF
le itself andis readautomaticallyby ALEPH-DLG sothatthe userdoesnot needto concern
himselfwith this.

4.3.3 Library Datapath- DAT keyword

While the ENDF les to beprocessethave to beinputon the MATkeyword (seesection4.3.9),
it is possibleto specifyacommondatapattdatapath sothatonly the ENDF le nameshave
to beinputonthe MATkeyword:

DAT datapath

Whenthis keyword is not presentthe datapatimustbeincludedin theENDF lenamesin the
MATkeyword (or the les mustbe presenin thedirectoryin which ALEPH-DLG is run).

4.3.4 Library Unresohed ResonanceProbability Table- UPT keyword

Like the previous TOL keyword, the UPT keyword can be usedto setthe option whetheror
notto includeunresohedresonanc@robability tablesfor all the nuclidesspeci ed onthe MAT
keyword. The syntaxfor this keyword is simply:

UPT < ptable option >

where< ptable option > is either0 (don't includeprobabilitytables)or 1 (includeproba-
bility tables).ALEPH-DLG will readtheresonancesectionof theENDF le (le 2, mt151)to
seeif thereareunresolhed resonancepresentn the le. If thereareunresoled resonances,
ALEPH-DLG will includeunresrandpurrin theNJOY input le, unless< ptable option >
is setto 0. In thatcase ALEPH-DLG will issuea warningstatingthat unresole resonances
werefound but thatunresrandpurrwerenotrun.

Whenthis keywordis notused theoptionwhetheror notto includethe probabilitytablesmust
besetfor every nuclidethatappear®nthe MATcard.
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4.3.5 Library ReconstructionTolerance- TOL keyword

The reconstructiorand Dopplerbroadeningof a library performedby the reconrand broadr
modulesarecontrolledusingthereconstructioriolerancgparametersir |, errint  anderrmax
(seesection2.4). The TOL keyword canbe usedto settheseparametersor the entirelibrary:

TOL < tolerance  option > err

where< tolerance  option > is oneof thefollowing:

defaultaccuray:
-1

In this casethevaluesfor errint  anderrmax will besetto their default valueasgiven
by NJOY (10*err for errmax anderr/20000 forerrint ). As wasexplainedin section
2.4 and 3.2.3, the tolerance<errmax> will be usedfor the linearizationof the cross
sectionif theerroron theresonancéntegral (seeequation2.4.1)satis esthe maximum
resonancéntegral error<errint> . If thisis notthe case the crosssectionis linearized
to within <err> . Thisoptionhasto be usedto avoid large les.

maximumaccuray:
-2

In this casethevaluefor errint  is setequalto err  while errmax is setto a very low
number(le-12) ). Whenaskingfor this maximumaccurag, the toleranceerr will be
usedin the linearizationof the entire crosssection. As a result,the le will be rather
large dueto thelarge numberof points.

Whenthis keyword is not used the tolerancemustbe setfor every nuclidethatappearon the
MATcard.

4.3.6 Library Type- TYP keyword

As wasexplainedin section2.2,the NJOY processingathdependsiponthe type of library
thatneeddo begeneratedThe TYP keyword hasto be usedto setthis processingpath:

TYP < library  type >
where< library  type > isoneof thefollowing possibilities:
createonly anALEPH library le:
-1
In this case , ALEPH-DLG will only run the modulesof NJOY requiredfor the gener
ation of alinearizedENDF le for usewith ALEPH (ALEPH only requireslinearized

crosssectiondor mt16, mt17,mt18, mt102,mt103andmtl107). As such,only theruns
MODER1,RECONR,BROADR andMODERZ2 (seesection2.2) will beused.
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createonly anMCNP(X) library le:
-2 < ACE type >

where< ACE type >isthetypeof ACE le. Thisisthevalueusedfor iopt intheacer
module(seesection2.13and2.15). Sofor a c-typelibrary (continuousenepgy le) this
is 1 while it is 3 for ay-type library (dosimetry le). For now, S(a,b) tablescannotbe
generatecdutomaticallywith ALEPH-DLG.

createbothan ALEPH andMCNP(X) library le:
-3 < ACE type >

where< ACE type > isthetypeof ACE le asgivenabove. In thiscase ALEPH-DLG
will generatenENDF le for usein ALEPH andanappropriatéACE le (eitherc-type
of y-type,dependinguiponthe ENDF le).

4.3.7 Library Numbers- LIB keyword

Every MCNP(X) library is identi ed usinga nuclide's ZAID with alibrary number(betweerD

and99)andasufx letterdependingiponthetypeof library (c for continuousnegy neutron,
y for dosimetry les, ...). An exampleis for instanced2235.60c for 23°U from the standard
ENDF60library. TheLIB keyword is usedto globally setthelibrary number(thesufx letter
is addedautomaticallyby NJOY):

LIB stable_lib metastable_lib

becauseMCNP(X) only identi es nuclidesusinga ZAID andnot a ZAMID, thereis no way to
distinguisha metastablenuclide from a nuclidein the groundstate. In MCNP it would be
possibleto changethe ZAID itself but this is not allowed by MCNPX that usesthe ZAID for
its physicsmodels. We have thereforeoptedfor a systemwherea differentlibrary numberis
assignedo thelibrary le if thenuclideis in thegroundstate(stable_lib ) orin themetastable
state(metastable_lib ).

If theLIB keyword is not usedto setthe library numbersglobally, a library numbermustbe
providedfor every materialin the MATkeyword.

4.3.8 NJOY Executable- NJOY keyword

The NJOY keyword is usedto specifythe NJOY executable(andthe pathto the executablef
theexecutablds notin the currentworking directory)njoyexe to beusedwithin the program:

NJOY njoyexe

ALEPH-DLG will createan NJOY input le andrun NJOY to createa processedibrary for
everyisotopeontheMATkeyword. Theinput le is simplynamednput sotheusershouldnot
usethesamenamefor the ALEPH-DLG input le. Thisinput le andthetemporaryles (with
the standardhametapeXX with XX a number)are deletedby ALEPH-DLG whenthe ENDF
le hasbeenprocessedThe usershouldinsurethatenoughdisk spaces availableto storeall
thelibrary les (anentireprocessedibrary for a singletemperatureanquickly take 500 MB
of disk space).
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4.3.9 SpecifyingMaterials - MAT keyword

The MAT keyword is usedto specify all the nuclidesthat ALEPH-DLG and NJOY have to
processDependingon the previousinput of keywords,the syntaxfor the MATkeyword is:

MAT

ZAMID[]]  endf file < lib > < tolerance > < ptable option >

whereZAMID[j] is the ZAMID of the isotopej andwhereendf_file  is the lename of the
ENDF le for this nuclide (pleasenote that ALEPH-DLG assumeghat every nuclide hasa
seperat&ENDF le). Thethreeotherinputoptions< lib >, < tolerance > and< ptable
option > only needto beusedwhentheLIB , TOL or UPTkeywordswerenotused.

The< lib > optionsetsthe library numberfor this nuclide. BecauseALEPH-DLG usesthe
ZAMID to identify nuclides(andthe codeis thuscapableof distinguishingbetweenstableand
metastablenuclides)only one library numberis required. The options< tolerance > and
< ptable option > arethesameasgivenin the TOL or UPT keywords. PLeasenotethat if
oneof theses usedthey mustbeusedfor every ZAMID onin thelist.

4.3.10 Inputle Comment- C and $ keywords

To putcommentsn theinput le, two differentkeywordshave beenforeseen Cand$. TheC
keyword canbe usedto commentout entirelineswhile the$ keyword is usedto commentut
partsof lines. The $ keyword canbe usedeverywherewhentheregularinputis present.This
meanghatcommentafterevery isotopein the MAT keyword like:

MAT
922350 922350 22.ori $ U235 from JEF 2.2
922380 922350 30.ori $ U238 from JEFF 3.0

is permitted.Usingthe C keyword in this keyword is however not permitted.

4.3.11 Output - OUT keyword

TheOUT keywordis usedto setcertainoutputoptionsof ALEPH-DLG. For now, thereis only
oneoptions:full NJOY output(NJOYFULD:

OUT NJOYFULL PLOTS

If NJOYFULL= 1, the NJOY output le for everyisotopeor elementon the MATkeyword will
besavedin aseparatee. If PLOTS= 1, theplot le producedy thesecondacerrunbesaved
in aseparatele.

This keywordis notrequired.By default, all outputoptionsareassumedo be0.

4.3.12 End ALEPH-DLG Input - END keyword
As wasindicatedbefore theinput le is simply endedwith the ENDkeyword.

36



4.4 The ALEPH-DLG Output File

ALEPH-DLG will alwaysprint outareportfor every nuclidethatit processedThe rst partof
thisreportcontainsgenerainformationaboutthe nuclide(suchasthe ENDF materialnumber
theENDF le temperatureif it is ssile, ...) andtheNJOY input le usedfor thenuclide.As
anexamplewe will use?38U from JEFF3.1at300K:

Processing nuclide 922380 using /xs_aleph/ENDF/jeff31/922380_31.ori for T =300 K

9237
1

ENDF material  number
Fissile material
Resonances

Unresolved  resonances
Initial temperature

1
1
0
NJOY input file

moder

20 -25

reconr

25 -21

'922380  JEFF 3.1 library at 300 K - NJOY 99.907
9237 0 0

0.001 /

0/

broadr

25 -21 -22

9237 1000

0.001 1.0e+6 [/

300

0/

moder

-22 30

unresr

25 22 -21

9237 191

300

le+10 1e+8 le+6 le+d le+3 3e+2 le+2 3e+l le+l
0/

heatr

25 21 22 |

9237 50000/

302 318 402 442 444 |
heatr

25 -21 -23 |

9237 6 010 2/

302 303 318 402 442 444 |
thermr

0-22 -21 [

09237 16 1101 221 2/
300

0.001 5.0

gaspr

25 21 22 |

purr

25 -22 -21

9237 192064 10
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Thisis thenfollowedby alist of all NJOY messagethatwerefoundin the output le, along
with a shortexplanationof the errorin question. ALEPH-DLG searcheshe NJOY output
he string---message  from soall messagewill be printedout. As wasindicatedin
section3.2.1,mostof theerrorsin thislist will simply bemessagefom reconrstatingthatthe
thresholdenegy hasbeenchangedThis is anexampleof this partof the nuclidereport(again

le fort

for 238y

Messages

300
le+10 le+8 let+6 le+4 le+3 3e+2 let+2 3e+l le+l

0/

acer

25 -21 0 40 41
101.03 /

'922380  JEFF 3.1 library at 300 K - NJOY 99.90/
9237 300

11

/

acer

0 40 0 40 41
711-1 /1

'922380 JEFF 3.1 library at 300 K - NJOY 99.907
stop

from JEFF3.1at300K):

from NJOY found:

reconr:  changed threshold  from 6.178871E+06 to 6.178872E+06 for mt 16.
Comment: The threshold energy and Q-value for this reaction do not
satisfy ~ the NJOY criterium (see page II-3  of the NJOY

heatr

heatr

If NJOY hasissuederrors,they areprintednext with someexplanationof theerror. Thisis for

manual. The threshold  energy has b

een adjusted by 1.61842e-05

Status : Ignore, or use a corrected evaluation.

. -—-message from hinit---mt19 has no spectrum
mt1l8 spectrum
Comment: mtl18 (n,total fission) is the sum

will  be used.
of mtl9, mt20, mt21, mt38.

If those reaction numbers are present, they will be used

for heating calculations. In this

case, they have no spectrum

associated ~ with them so the spectrum of mtl8 will be used

instead.
Status : Ignore

. -—-message from nheat---changed q from 1.9731E+08 to 1.8058E+08

for mt 18

Comment: The fission  Q-value is changed from the total value given

in fle 3 to a prompt value using
from mfl, mt458.
Status : Ignore

the delayed neutron energy

instanceanerrormessag@rintedby ALEPH-DLG for 233U from JEF2.2:

Errors from NJOY found:

acer

. **rror - in - acelf5***sorry. acer cannot handle [f=5.

you will have to patch

the evaluation to use If=1.

Comment: acer needs file 5 data (energy distributions of secondary
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this  evaluation uses
the only known nuclide

particles) using law 1. Apparantly,
laws. 922330 - U233 from JEF 2.2 is
with  this  problem.

Whenno errorswhereencounterecéndif therewereresonancepresentALEPH-DLG will
reproduceheresonanceecontructiortablehere.lt is up to the userto review thetableto see
if thereconstructionwasaccurateenough.For for 238U from JEFF3.1at300K thislookslike:

RECONRresonance reconstruction error  estimation
estimated  maximum error  due to
resonance integral  check (errmax,errint)

upper elastic percent capture percent fission percent

energy integral error integral error integral error
1.00E-05
1.00E-04 2.17E+01 0.000 1.84E+02 0.000 1.82E-03 0.000
1.00E-03 2.17E+01 0.000 5.81E+01 0.000 5.76E-04 0.000
1.00E-02 2.17E+01 0.000 1.84E+01 0.000 1.82E-04 0.000
1.00E-01 2.17E+01 0.000 5.84E+00 0.000 5.77E-05 0.000
1.00E+00 2.16E+01 0.000 1.93E+00 0.000 1.86E-05 0.000
2.00E+00 6.37E+00 0.000 3.25E-01 0.000 2.73E-06 0.000
5.00E+00 7.97E+00 0.000 6.18E-01 0.000 2.98E-06 0.000
1.00E+01 1.46E+01 0.000 1.28E+02 0.000 5.69E-05 0.000
2.00E+01 5.36E+00 0.000 6.40E-01 0.000 2.44E-06 0.000
5.00E+01 9.98E+01 0.000 1.07E+02 0.000 1.73E-04 0.000
1.00E+02 1.87E+01 0.000 1.25E+01 0.001 2.84E-05 0.000
2.00E+02 5.00E+01 0.000 1.35E+01 0.001 3.84E-06 0.000
5.00E+02 1.92E+01 0.001 5.03E+00 0.014 1.89E-05 0.008
1.00E+03 1.51E+01 0.002 2.45E+00 0.045 4.10E-04 0.149
2.00E+03 1.48E+01 0.006 1.34E+00 0.129 2.91E-04 0.114
5.00E+03 1.78E+01 0.019 1.09E+00 0.362 9.05E-09 0.001
1.00E+04 1.03E+01 0.059 5.37E-01 0.912 6.96E-05 0.496

Whenthe nuclidehasunresolhedresonancesALEPH-DLG will print out the resultsfrom the
testsdescribedn section3.2.4. Theseestsareperformedn threestagedor every enegy value
(in the?38U examplesgivenbelaw, theeneqy is 20 keV).

First, thein nite dilution crosssectionsfrom unresrandpurr arecompared.The rst part of

thetestis thecomparisorof thein nite dilution valuesfor thetotal, elastic, ssion andcapture
crosssectiongontheleft) andthe secondrartconsistof testingwhetherthetotal valueequals
thesumof thethreepartials(on theright):

PURR-UNRESRfinite dilution cross section  check:

total elastic capture | unresr  tot purr  tot
unresr 1.432516E+01  1.379577E+01 5.293905E-01 | 1.432516E+01  1.432516E+01
purr infd 1.432516E+01  1.379577E+01 5.293905E-01 |
purr bkgd  0.000000E+00  0.000000E+00 0.000000E+00 |
diff  [%] 0.0000 0.0000 0.0000 | 0.0000 0.0000
passed? yes yes yes | yes yes

Passed all tests - no problems found

In thisexample thecolumnfor the ssion crosssectiorwasomitted(everyvaluein thiscolumn
waszero). Whenthis testfails, this is mainly dueto the backgroundcrosssection(which is
why thevaluesof thebackgroundrosssectionis printedoutaswell).
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The secondstageis the comparisorof the Bondarenk valuesobtainedduring the calculation
of the probability tableandthe onescalculatedusingthe probability tableitself. Althoughthe
tablecontainsall datafor every sg valuesthatwereusedduringthe NJOY run, only thein nite
dilution valuesarecompared:

PURR Bondarenko values check:
Bondarenko cross sections by direct  sampling
sigma0 p0 total elastic capture pl total
1.000000E+10 1.436541E+01 1.383465E+01 5.307606E-01  1.436541E+01
1.000000E+08 1.436541E+01 1.383465E+01 5.307606E-01  1.436541E+01
1.000000E+06 1.436536E+01 1.383461E+01 5.307592E-01  1.436532E+01
1.000000E+04 1.436079E+01 1.383018E+01 5.306131E-01  1.435618E+01
1.000000E+03  1.432063E+01 1.379131E+01 5.293179E-01  1.427672E+01
3.000000E+02 1.422678E+01 1.370058E+01 5.262064E-01  1.409623E+01
1.000000E+02 1.401740E+01 1.349858E+01 5.188250E-01  1.371602E+01
3.000000E+01 1.360558E+01 1.310305E+01 5.025293E-01  1.303210E+01
1.000000E+01 1.316814E+01 1.268519E+01 4.829514E-01  1.234338E+01
Bondarenko cross sections  from probability
sigma0 pO total elastic capture pl total
1.000000E+10 1.436541E+01 1.383465E+01 5.307606E-01  1.436541E+01
1.000000E+08 1.436541E+01 1.383465E+01 5.307606E-01  1.436541E+01
1.000000E+06  1.436537E+01 1.383461E+01 5.307592E-01  1.436532E+01
1.000000E+04  1.436095E+01 1.383034E+01 5.306137E-01  1.435650E+01
1.000000E+03 1.432210E+01 1.379278E+01 5.2903225E-01  1.427959E+01
3.000000E+02 1.423104E+01 1.370482E+01 5.262162E-01  1.410407E+01
1.000000E+02  1.402651E+01 1.350768E+01 5.188275E-01  1.373089E+01
3.000000E+01 1.362018E+01 1.311771E+01 5.024718E-01  1.305142E+01
1.000000E+01 1.318591E+01 1.270308E+01 4.828283E-01  1.236715E+01
Bondarenko cross sections  difference [%]
sigma0 p0 total elastic capture pl total | passed?
1.000000E+10 0.0000 0.0000 0.0000 0.0000 | vyes
1.000000E+08 0.0000 0.0000 0.0000 0.0000 |
1.000000E+06 0.0001 0.0000 0.0000 0.0000 |
1.000000E+04 0.0011 0.0012 0.0001 0.0022 |
1.000000E+03 0.0103 0.0107 0.0009 0.0201 |
3.000000E+02 0.0299 0.0309 0.0019 0.0556 |
1.000000E+02 0.0650 0.0674 0.0005 0.1084 |
3.000000E+01 0.1073 0.1118 0.0114 0.1481 |
1.000000E+01 0.1349 0.1409 0.0255 0.1924 |
Passed Bondarenko infinite dilution test

In theexamplegivenabove, the columnfor the ssion crosssectionwasomitted(all valuesare
acpinall zero).

The third and last stageis the testingof the probability tableitself. The testagain consists
of two parts: an overview of the probability table (for every bin, the probability cummulatve

probability and the crosssectionvaluesare printed) and the bin test (wherethe sum of the

partialsis comparedo the total value). For our 238U examplethe probability table overview

lookslik e this (the bin testswereomitteddueto space):

PURR-ACERunresolved  resonance probability table check:
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bin tot prob cum prob total elastic
1 4.662500E-03  4.662500E-03  3.823343E+00  3.585895E+00
2 1.791875E-02  2.258125E-02  6.229751E+00  5.966992E+00
3 6.367188E-02  8.625313E-02  8.460657E+00  8.200861E+00
4 5406562E-02  1.403187E-01  9.689484E+00  9.443480E+00
5 5.973125E-02  2.000500E-01  1.029883E+01  1.006470E+01
6 5.639375E-02  2.564438E-01  1.073697E+01  1.049481E+01
7 5.767500E-02  3.141188E-01  1.108989E+01  1.082473E+01
8 5.776563E-02  3.718844E-01  1.142084E+01  1.112118E+01
9 5468125E-02  4.265656E-01  1.175799E+01  1.140497E+01
10 5.284063E-02  4.794063E-01  1.211012E+01  1.171121E+01
11 5.945000E-02  5.388563E-01  1.251434E+01  1.205582E+01
12 5.955312E-02  5.984094E-01  1.299979E+01  1.247663E+01
13 6.262187E-02  6.610312E-01  1.361066E+01  1.300291E+01
14 6.210313E-02  7.231344E-01  1.441660E+01  1.372964E+01
15 6.502188E-02  7.881563E-01  1.554050E+01  1.475955E+01
16 5.855312E-02  8.467094E-01  1.713908E+01  1.625956E+01
17 6.284687E-02  9.095562E-01  1.976246E+01  1.877427E+01
18 6.582813E-02  9.753844E-01  2.653817E+01  2.553805E+01
19 1.940000E-02  9.947844E-01  4.153256E+01  4.053079E+01
20 5.215625E-03  1.000000E+00  5.675590E+01  5.566543E+01
average probability table  1.436541E+01  1.383465E+01
average ladder calculation 1.436541E+01  1.383465E+01
diff  [%] 0.0000 0.0000
passed? yes yes
Passed all bin tests - no problems found
Passed all average cross section tests - no problems found
Passed negative test - no negative cross section were found
Passed zero test - no abnormal zero cross section were found

As wasindicatedbefore theseprobabilitytablecanhave anumberof defects.Firstf all, there

fission
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00

0.000000E+00
0.0000
yes

capture
2.374473E-01
2.627585E-01
2.597957E-01
2.460040E-01
2.341318E-01
2.421615E-01
2.651615E-01
2.996622E-01
3.530230E-01
3.989129E-01
4.585232E-01
5.231506E-01
6.077522E-01
6.869662E-01
7.809531E-01
8.795226E-01
9.881902E-01
1.000119E+00
1.001761E+00
1.090471E+00

5.307606E-01
5.307606E-01
0.0000
yes

arethe possiblezerocrosssectionvalues. They mostly occurin the rst few binswherethe
crosssectionvalue canbecomevery small. This is possiblydueto round-of becausd&ENDF
les areusedto transferinformation(thenumberof signi cant digitsis limited). Thefollowing
is an examplefor 14“Cefrom JEFF3.1at 300K (at anenegy of 12.5keV) wherethe elastic

crosssectionin the rst bin is zerowhile the elasticcrosssectionvaluesfor bin 2 and3 are

quitelow:

PURR-ACERunresolved

bin

O ~NO O WN -

tot prob
5.918750E-03
1.353125E-02
5.795938E-02
6.397500E-02
5.536563E-02
5.531875E-02
5.514687E-02
4.683750E-02
5.892187E-02
6.120000E-02
6.227500E-02
5.410938E-02
6.009688E-02

resonance  probability table
cum prob total
5.918750E-03  4.427165E-04
1.945000E-02  9.661759E-04
7.740938E-02  7.611501E-03
1.413844E-01  4.903847E-01
1.967500E-01  1.183513E+00
2.520688E-01  1.711335E+00
3.072156E-01  2.183366E+00
3.540531E-01  2.597204E+00
4.129750E-01  3.046429E+00
4.741750E-01  3.591510E+00
5.364500E-01  4.240109E+00
5.905594E-01  4.973862E+00
6.506563E-01  5.898720E+00
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elastic
0.000000E+00
1.346222E-07
1.364715E-03
4,784755E-01
1.170341E+00
1.699135E+00
2.170705E+00
2.583742E+00
3.029602E+00
3.571395E+00
4.214968E+00
4,941652E+00
5.852202E+00

fission
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

capture
4.427130E-04
9.660378E-04
6.246783E-03
1.190921E-02
1.317209E-02
1.220037E-02
1.266053E-02
1.346129E-02
1.682707E-02
2.011522E-02
2.514148E-02
3.221007E-02
4.651832E-02



14
15
16
17
18
19
20

Passed all

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00
0.000000E+00
0.0000
yes

6.285625E-02  7.135125E-01  7.318426E+00  7.252548E+00
6.911875E-02  7.826313E-01  9.840770E+00  9.731101E+00
6.023750E-02  8.428688E-01  1.470241E+01  1.451735E+01
6.598437E-02  9.088531E-01  2.714710E+01  2.687932E+01
6.877500E-02  9.776281E-01  8.425859E+01  8.396091E+01
1.414687E-02  9.917750E-01  1.817117E+02  1.814068E+02
8.225000E-03 ~ 1.000000E+00  2.107427E+02  2.104787E+02
average probability table  1.563706E+01  1.555737E+01
average ladder calculation 1.563707E+01  1.555737E+01

diff  [%] 0.0000 0.0000

passed? yes yes

Passed all bin tests - no problems found
average cross section tests - no problems found
Passed negative - no negative cross section were found
did not pass zero test - 1 abnormal zero cross section

Warning:

were found

6.587885E-02
1.096695E-01
1.850631E-01
2.677814E-01
2.976748E-01
3.048717E-01
2.640955E-01

7.969520E-02
7.969520E-02
0.0000
yes

Negative crosssectionvalueson the other handare physically impossible. Whentheseoc-
cur, ALEPH-DLG will simply rerunthe isotopewith the unresoled probability table option
switchedoff. For now, thisis theonly pointwhereALEPH-DLG takescorrectve actions.This
is anexampleof 48Nd of JEFF3.1at300K (ataneneqy of 8 keV) wherethereare7 negative
valuesin the probabilitytable (4 total and3 capturecrosssectionvalues):

PURR-ACERunresolved  resonance probability table check:
bin tot prob cum prob total elastic
1 4.181250E-03  4.181250E-03 -4.822215E-02 1.156328E-07
2 1.150312E-02  1.568437E-02 -4.658385E-02 1.093039E-06
3 5.239683E-02  6.808125E-02 -3.997770E-02 4.144996E-05
4  6.160625E-02  1.296875E-01 -5.314284E-03 2.803189E-03
5 b5971563E-02  1.894031E-01  3.755912E-01  3.083192E-01
6 6.245937E-02  2.518625E-01  1.303667E+00  1.246896E+00
7 6.225312E-02  3.141156E-01  2.168909E+00  2.124675E+00
8 6.263438E-02  3.767500E-01  2.917091E+00  2.879398E+00
9 6.926562E-02  4.460156E-01  3.638130E+00  3.614899E+00
10 6.888437E-02  5.149000E-01  4.412159E+00  4.363108E+00
11 6.702500E-02  5.819250E-01  5.273581E+00  5.208550E+00
12 6.297500E-02  6.449000E-01  6.276626E+00  6.190311E+00
13 5.291250E-02  6.978125E-01  7.435103E+00  7.309307E+00
14 5661875E-02  7.544312E-01  8.961360E+00  8.785904E+00
15 5539062E-02  8.098219E-01  1.142069E+01  1.119543E+01
16 5.801250E-02  8.678344E-01  1.629022E+01  1.598533E+01
17 5.465312E-02  9.224875E-01  2.924341E+01  2.881197E+01
18 5.442500E-02  9.769125E-01  8.742029E+01  8.642198E+01
19 1.606875E-02  9.929812E-01  2.152746E+02  2.138398E+02
20 7.018750E-03 ~ 1.000000E-00  2.962066E+02  2.951656E+02
average probability table  1.609580E+01  1.591664E+01
average ladder calculation 1.609580E+01  1.591664E+01
diff  [%] 0.0000 0.0000
passed? yes yes
Passed all bin tests - no problems found
Passed all average cross section tests - no problems found
Warning: did not pass negative test - 7 negative cross section

Passed zero

test

- no abnormal

Zero Cross  section
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were found

fission
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00
0.000000E+00
0.0000
yes

were found

capture
-1.373847E-02
-1.210115E-02
-5.5635351E-03
2.636633E-02
1.017559E-01
9.125447E-02
7.871813E-02
7.217662E-02
5.771551E-02
8.353441E-02
9.951473E-02
1.207987E-01
1.602797E-01
2.099398E-01
2.597388E-01
3.393781E-01
4.659304E-01
1.032795E+00
1.469247E+00
1.075480E+00

2.136386E-01
2.136387E-01
0.0000
yes



Thereis alsothe possibility to have binswith zeroprobability. In this case the bin will never
be sampledso that negative or zero crosssectionvaluesin this bin do not posea problem.
This problemalso surfacedduring the preparationof the URES library for MCNP (the rst

MCNp library to includeprobabilitytables)[12] but no correctve measuresvheretaken. It is
upto theuserto decidewhatto do with this problem.An extremeexamplewith 8 binsof zero
probability canbe foundin 2°°Cm from JEFF3.1at 300K (atanenegy of 150eV):

PURR-ACERunresolved  resonance probability table check:

bin tot prob cum prob total elastic fission capture
1 5.446875E-03  5.446875E-03  5.392441E-01  1.552841E-01  3.833252E-04  3.835767E-01
2 1.434375E-02  1.979062E-02  1.419568E+00  8.056844E-01  6.402496E-04  6.132430E-01
3 6.831875E-02  8.810937E-02  4.681343E+00  4.217565E+00  4.618940E-04  4.633165E-01
4 2525313E-02  1.133625E-01  9.316751E+00  9.032870E+00  2.973886E-04  2.835829E-01
5 0.000000E+00  1.133625E-01  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
6 0.000000E+00  1.133625E-01  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
7 0.000000E+00  1.133625E-01  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
8 0.000000E+00  1.133625E-01  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
9 0.000000E+00  1.133625E-01  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
10 0.000000E+00  1.133625E-01  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
11 0.000000E+00  1.133625E-01  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
12 0.000000E+00  1.133625E-01  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
13 5.694969E-01  6.828594E-01  1.017317E+01  1.017317E+01  1.990072E-10  2.092492E-07
14 6.308437E-02  7.459438E-01  1.017338E+01  1.017317E+01  2.036667E-07  2.056038E-04
15 5.635625E-02  8.023000E-01  1.017472E+01  1.017317E+01  1.540981E-06  1.555110E-03
16 5.392813E-02  8.562282E-01  1.018443E+01  1.017146E+01  1.247093E-05  1.295907E-02
17 5.385313E-02  9.100813E-01  1.294963E+01  1.213710E+01  7.970381E-04  8.117332E-01
18 6.643125E-02  9.765125E-01  3.205054E+01  2.906784E+01  2.946783E-03  2.979749E+00
19 1.654375E-02  9.930563E-01  2.450191E+02  2.113558E+02  3.588485E-02  3.362735E+01
20 6.943750E-03  1.000000E+00  4.276506E+03  3.836888E+03  4.816872E-01  4.391363E+02

average probability table  4.471146E+01  4.080950E+01  4.228177E-03  3.897738E+00
average ladder calculation 4.471146E+01  4.080950E+01  4.228177E-03  3.897738E+00
diff  [%] 0.0000 0.0000 0.0000 0.0000
passed? yes yes yes yes

Passed all bin tests - no problems found

Passed all average cross section tests - no problems found

Passed negative test - no negative cross section were found

Warning: did not pass zero test - 32 abnormal =zero cross section were found

Warning: 8 zero probability values found

In somecasesall the problemsdescribedabore canbe foundin a singleexample. This s for
instancethe casefor the probability table of 2°Na from JEFF3.1at 300K (ataneneqy of 15
keV):

PURR-ACERunresolved  resonance probability table  check:
bin tot prob cum prob total elastic fission capture
1 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
2 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
3 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
4 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
5 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
6 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
7 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
8 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
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9 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

10 5.852375E-01  5.852375E-01  1.056769E-01  0.000000E+00  0.000000E+00 -3.959991E-02

11 3.289687E-02  6.181344E-01  1.056798E-01  0.000000E+00  0.000000E+00 -3.959699E-02

12 3.425000E-02  6.523844E-01  1.056858E-01  0.000000E+00  0.000000E+00 -3.959101E-02

13 6.732500E-02  7.197094E-01  1.057690E-01  1.138332E-08  0.000000E+00 -3.950781E-02

14 7.261250E-02  7.923219E-01  1.064582E-01  6.739630E-07  0.000000E+00 -3.881927E-02

15 5415938E-02  8.464812E-01  1.248099E-01  1.009233E-02  0.000000E+00 -3.055926E-02

16 4.939687E-02  8.958781E-01  7.096786E-01  5.924746E-01  0.000000E+00 -2.807285E-02

17 5.180000E-02  9.476781E-01  2.888497E+00  2.760378E+00  0.000000E+00 -1.715786E-02

18 3.734063E-02  9.850187E-01  1.538414E+01  1.514680E+01  0.000000E+00  9.206328E-02

19 1.083750E-02  9.958562E-01  5.999406E+01  5.946302E+01  0.000000E+00  3.857638E-01

20 4.143750E-03  1.000000E-00  9.958044E+01  9.904143E+01  0.000000E+00  3.937373E-01
average probability table  1.912509E+00  1.793225E+00  0.000000E+00 -2.599318E-02
average ladder calculation 1.912509E+00  1.793225E+00  0.000000E+00 -2.599318E-02

diff  [%] 0.0000 0.0000 0.0000 0.0000
passed? yes yes yes yes

Warning: did not pass 3 of 20 hin tests

Passed all average cross section tests - no problems found

Warning: did not pass negative test - 8 negative cross section were found

Warning: did not pass zero test - 30 abnormal zero cross section were found

Warning: 9 zero probability values found

After all the probability table tests(if therewere unresoled resoanncesf course)the acer
consisteng testreportis printedout. And atthe endof the output le, ALEPH-DLG will print
outthexsdirlinesfor all nuclidesthatwereprocesseduccessfully:

xsdir  entries  generated:

1001.03c 0.999170 10010.31.03c 0 1 1 10161 0O O 2.585E-08

92238.03c  236.005800 922380 _31.03c 0 1 1 2568015 0O O 2.585E-08 ptable

100255.03c  252.899000 1002550 _31.03c 0 1 1 17459 0 O 2.585E-08
Warning: only 380 of 381 nuclides were

processed without errors
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Chapter 5

Library Overview

5.1 Intr oduction

ALEPH-LIB is thenameof themulti-temperaturdibrary thatwe areproviding for standardise
by MCNP(X) andALEPH. Thetemperaturegcludedin this library are300,600,900, 1200,
1500and1800K. Library les wereproducedusingthe JEF2.2,JEFF3.0,JEFF3.1,JENDL
3.3andENDF/B-VI1.8 nucleardataevaluations.Thiswill beextendedwith ENDF/B-VII when
it becomeswvailable. Thedistribution of ALEPH-LIB alsocontainsall thegraphsproducedoy
NJOY duringthe secondacerrun (seesection2.14). Tablesof the contentof the entirelibrary
canbefoundin appendixB.

In orderto be ableto validatenucleardata,one mustbe surethat differencesn benchmark
resultsarereally dueto differencesn data. Differencedn library processingcanintroduce
“noise” andis thereforenot acceptable.Possiblesourcesof suchnoisein a datalibrary are
differentversionsof NJOY (99.90,99.90,99.112,...), differentcrosssectionreconstruction
tolerances,.. Thisis why we decidedto generatdibrariesfor all major nucleardataevalua-
tionsavailable,all with the samebasicsetof NJOY inputparameters.

Becausehelibrary is foreseerfor every-dayuse,certaincompromisesnustbe madebetween
le sizeandaccurag. Thetighterthetolerancesetin NJOY, the moreaccuratehelinearized
crosssectionswill beto the datain the original ENDF le. Unfortunately the moreaccurate
the linearizedcrosssectionsare, the largerthe les will be. And thatwill de nitely have an
adwerseeffect on calculationtime (the larger the enegy grid, the longerit takesto nd the
properintenal).

We have thereforechosento usea crosssectionreconstructiortoleranceof 0.1% with de-
fault valuesfor the resonanceéntegral checks(1% for the maximumreconstructiortolerance
<errmax> and5 10 8 for the resonanceéntegral error <errint> , seesections2.4, 3.2.3and
4.3.5for moreinformation). All nuclidesthathave unresolhedresonancewill have probabil-
ity tablesin the unresoledresonancenegy range exceptif thereareoccurancesf negative
crosssectionvaluesin thetable.

For the namingcorventionof thelibraries,we chooseo useT/100 for the stablenuclidesand
T/100 + 70 for themetastableuclides(seetable5.1). For example,95242.03c isthelibrary
at300K for thegroundstateof 242Am while 95242.79¢c  is the 900K library of the metastable
stateof 242Am.

Anothermethodthatis often suggestedo identify the groundstateand metastablestateis to
changethe ZAID of the metastablestate,for instance95242 for the groundstateand 95342
for the metastablestate.We decidedto usedifferentlibrary numberdor the groundstateand
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metastabletateinsteadof this methodbecauséhis methodhasprovedto be problematiowith

MCNPX. It leadsto afatalerrorin the modelsfor protontransportwherethe valueof 342is

usedastheatomicmassfor 2#2"Am. In othercasest did notleadto fatalerrors,but thewrong
valuefor theatomicmasswasstill usedby MCNPX for usein the physicsmodels.

We choseto usethe samenumberdor every nucleardataevaluationbecauseherewould not
be enoughlibrary numbersf every nucleardataevaluationwasassignedts own setof library

numbers.Theusercanhowever simply createhis own xsdir le whenhewishesto mix nuclear
dataevaluations.

Table 5.1: Library sufx numbers
usedfor nuclidesin thegroundstate
(GS)andmetastabletate(MS).

T[K] GS MS
300 03c 73c
600 06¢ 76¢C
900 09c 79c
1200 12c 82c
1500 15c 85¢c
1800 18c 88c

Every nuclideis provided asasingle le. Thisincreaseshe potentialfor maintenancef the
library (wheneer a correctionis made the userdoesnot have to replacehuge les, justafew

smallones).The le namingcorventionis simply <ZAMID>_<EVAL>.<SUFF> whereZAMID is

the ORIGEN:Identi cation numberof thenuclide(seesectiord.3.1),whereEVALIis thenuclear
dataevaluationnumber(22 for JEF2.2,30 for JEFF3.0, 31 for JEFF3.1,33 for JENDL 3.3
and68 for ENDF/B-VI1.8) andwhereSUFFis thelibrary sufx number(asgivenin table5.1).
For example,the ACE le for 2*2Am in the groundstateat 300K from JEFF3.1 canbefound
in the le 952420 31.03c while it is 952421 31.73c for the metastablestateof the same
nuclide.

The rst partof the MCNP(X) xsdir le containsthe atomicmassvalues(in units of neutron
mass)usedby MCNP(X) to recalculatecompositiongo the standardatomsbarn 1 cm 1. The
standardksdir les only containatomicmassdatafor 300to 400 nuclides. BecauseALEPH

requiresatomicmassvaluesfor at leastevery nuclidepossiblein ORIGEN, we have decided
to updatethoseatomicmassvaluesby usingthe Atomic MassEvaluation2003includedinto

NUBASE [17] from the Atomic MassDataCenter

In this chaptey we will provide an overview of the processingof the libraries (an overvien

of the messageserrors,...). Changesnadeto the original ENDF les to correcterrors(for

instanceto correctcrashesof MCNP or MCNPX, ...) will alsobereportedhere. It is very

importantthat the userreadsthis part becauset indicatespotentialproblemsand limitations
of thelibrary set. Usersarealsoencouragedo sendtheir feedbacko us. An overview of the
contentof thelibrary les (wetheror not g productiondatais presentwhich typesof chaged
particle datais included,what the upperenegy of the library le is, ...) canbe foundin

appendixB.
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5.2
5.3
5.4
5.5
5.6

JEF 2.2
JEFF 3.0
JEFF 3.1
JENDL 3.3
ENDF/B-VI.8
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Chapter 6

Library QA - Validation

6.1 Intr oduction

Benchmarkingthe new librariesis a very importantstepin the developmentof a validated
applicationlibrary andmustbeasthoroughandascompleteaspossible. Thenew librarieswill
beappliedto anumberof different elds: from thermalwatermoderatedeactorsAccelerator
Driven Systemg ADS) to shieldingapplications,... Every application eld hasits speci c
demand®n nucleardata.In thermalwatermoderatedystemsthe emphasiwill lie onlower
enegy while ADS applicationgequireshighenepgy data.Certainnuclidescanbeof signi cant
importancan oneapplicationwhile they arenotfor anothermpplication.Accuratehigh enegy
datafor PbandBi is for instancerequiredfor ADS applications structuralmaterialdatafor
shieldingapplications, ..

It is obviousthatit is impossibleto provide benchmarkgor every possiblematerialand ap-
plication areaso choiceshave to be made. We have thereforeoptedto performa numberof
benchmarkhatwerepreviously usedto validatethe standardMCNP libraries:

criticality benchmarksvhich werealreadyusedfor validatingthe MCNP ENDF60and
ENDF66libraries

the LawrenceLivermorepulsedspheresxperiments

6.2 Criticality Benchmarks

6.2.1 A Suite of Criticality Benchmarksfor Validating Nuclear Data

In April 1999Los ALamosNationalLaboratoryreleased suite of 86 criticality benchmarks
[18] (alongwith the correspondingMCNP input les) for the speci ¢ purposeof validating
nucleardatalibrariesfor MCNP [19, 20]. We have decidedto repeathesebenchmarks$or our
newly generatedMCNP(X) libraries.

Thedifferentbenchmarksn the suitewerespeci cally choserto obtaina setof problemsthat
would testdifferentenegy regions,suchasthe high-enegy region of fastcritical assemblies
and the thermalregion of the solution experiments,to testvariousre ector materialswhile
maintaininganacceptableamountof benchmarlproblems.

This suitehasbeencompiledusingtwo compendium®f criticality experimentainformation:
the CrossSectionEvaluationWorking Group (CSEWG)speci cations[21] andthe Interna-
tional Criticality Safety BenchmarkEvaluationProject(ICSBEP)[22]. The geometryand
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materialspeci cationsfor the 86 benchmarkavere taken primarily from the ICSBEP com-
pendium.

In this suite, thereare 5 different cateyories: critical assembliesvith 233U, intermediateen-
riched?3%U (IEU), highly enriched?3°U (HEU), 23°*Puandmixed metalassemblie$MM), see
table6.1. Referenceso the CSEWGcompendiumin bracletsindicatea correspondingetof
CSEWGspeci cationsthatwerenotusedn thesebenchmarksWithin every catgorythereare
bare,re ectedandsolutionassembliesThere ector materialshemselesareBe,BeO,C, Al,
Fe,Ni, W, Th, 233U andnaturaluranium.For 5 assembliesherearetwo setsof speci cations
givensothatwe have to performatotal of 91 criticality calculations.

50



TG

Table6.1: Criticality benchmarldescriptions.

Name | Type | Description CSEWG ICSBEP
23umtl | 2°%U | Jezebel-23BareSphereof U233 (F-19) 233U-METFFAST-001
23umt2a| 233U | 0.481"HEU-Re ectedSphereof U233;PlanetAssembly 233U-MET-FAST-002 Casel
23umt2b| 223U | 0.783"HEU-Re ectedSphereof U233, PlanetAssembly 233U-MET-FAST-002Case2
23umt3al 233U | 0.906"NormalUranium-Re ectedSphereof U233, PlanetAssembly 233U-METFFAST-003Casel
23umt3b| 233U | 2.09"NormalUranium-Re ectedSphereof U233, PlanetAssembly 233U-METFAST-003Case?
23umtdal 233U | 0.96" Tungsten-Re ecte®phereof U233, PlanetAssembly 233U-MET-FAST-004 Casel
23umt4b| 233U | 2.28"Tungsten-Re ecte@phereof U233, PlanetAssembly 233U-MET-FAST-004 Case2
23umt5a| 233U | 0.805"Be-Re ectedSphereof U233, PlanetAssembly 233U-MET-FAST-005Casel
23umt5b| 233U | 1.652"Be-Re ectedSphereof U233, PlanetAssembly 233U-MET-FAST-005Case2
23umt6 | 233U | Flattop-23,7.84"Normal-UraniumRe ected Sphereof U233 233U-MET-FAST-006
at23 | 233U | Flattop-23,CSEWG,U(N)-re ected U233spheret gap F-24
23uslla| 233U | ORNL-5,1.0226g/ Unre ected27.24"Sphereof U233nitrate 233U-SOL-THERM-00XCasel
solution
23usllb | 233U | ORNL-6,1.0253g/l Unre ected27.24"Sphereof U233 nitrate 233U-SOL-THERM-001Case2
solutionwith Boron
23usllc | 233U | ORNL-7,1.0274g/l Unre ected27.24"Sphereof U233 nitrate 233U-SOL-THERM-00XCase3
solutionwith Boron
23uslld | 233U | ORNL-8,1.0275g/l Unre ected27.24"Sphereof U233nitrate 233U-SOL-THERM-00XCase4
solutionwith Boron
23uslle | 233U | ORNL-9,1.0286g/l Unre ected27.24"Sphereof U233 nitrate 233U-SOL-THERM-001XCaseb
solutionwith Boron
23usl8 | 233U | ORNL-11,1.0153g/l Unre ected48.04"Sphereof U233 nitrate 233U-SOL-THERM-008
solutionwith Boron
leumtla| IEU | Jemimal, Cylindrical Disksof HEU andNaturalUranium IEU-MET-FAST-001Casel
ieumtlb | IEU | Jemima2, Cylindrical Disksof HEU andNaturalUranium IEU-MET-FAST-001Case2
leumtlc | IEU | Jemima3, Cylindrical Disksof HEU andNaturalUranium IEU-MET-FAST-001Case3

Continuedon next page




[AS]

Name | Type | Description CSEWG ICSBEP
ieumtld| IEU | Jemima4, Cylindrical Disksof HEU andNaturalUranium IEU-MET-FAST-001Case4
leumt2 | IEU | Re ectedJemimaU(N)-Re ectedCylindrical Disksof HEU IEU-MET-FAST-002
andNaturalUranium
ieumt3 | IEU | BarelEU Spherg36wt.%), VNIIEF IEU-MET-FAST-003
leumt4 | IEU | Graphite-Re ectedEU Spherg36 wt.%), VNIIEF IEU-MET-FAST-004
ieumt5 | IEU | Steel-Re ectedEU Spherg36 wt.%), VNIIEF IEU-MET-FAST-005
leumt6 | IEU | Duralumin-Re ectedEU Spherg36wt.%), VNIIEF IEU-MET-FAST-006
umetlss| HEU | Godwva, Unre ectedsphereof HEU, SimpleSphereepresentation (F-5) HEU-MET-FAST-001Casea
umetlns| HEU | Godwa, Unre ectedsphereof HEU, NestedSphericakhell HEU-MET-FAST-001Caseb
representation
bigtenl | HEU | BIGTEN, 1d model: U(N) re ecteduraniumsphere F-10
bigten2 | HEU | BIGTEN, 2d model: U(N) re ected uraniumcylinder
umet3a| HEU | 2" Tuballoy-Re ectedHEU(93.5)Sphere;TopsyAssembly HEU-MET-FAST-003Casel
umet3b | HEU | 3" Tuballoy-Re ectedHEU(93.5)Sphere TopsyAssembly HEU-MET-FAST-003Case2
umet3c | HEU | 4" Tuballoy-Re ectedHEU(93.5)SphereTopsyAssembly HEU-MET-FAST-003Case3
umet3d | HEU | 5" Tuballoy-Re ectedHEU(93.5)Sphere TopsyAssembly HEU-MET-FAST-003Cased
umet3e | HEU | 7" Tuballoy-Re ectedHEU(93.5)Sphere;TopsyAssembly HEU-MET-FAST-003Caseb
umet3f | HEU | 8" Tuballoy-Re ectedHEU(93.5)Sphere TopsyAssembly HEU-MET-FAST-003Caseb
umet3g | HEU | 11" Tuballoy-Re ectedHEU(93.5)Sphere ;TopsyAssembly HEU-MET-FAST-003 Case7
umet3h | HEU | 1.9" TungsterCarbide-Re ectedHEU(93.5)Sphere;TopsyAssembly HEU-MET-FAST-003Case3
umet3i | HEU | 2.9" TungstenCarbide-Re ectedHEU(93.5)Sphere TopsyAssembly HEU-MET-FAST-003Cased
umet3j | HEU | 4.5" TungsterCarbide-Re ectedHEU(93.5)Sphere TopsyAssembly HEU-MET-FAST-003Casel0
umet3k | HEU | 6.5" TungsterCarbide-Re ectedHEU(93.5)Sphere TopsyAssembly HEU-MET-FAST-003Casell
umet3l | HEU | 8.0" Nickel-Re ectedHEU(93.5)Sphere TopsyAssembly HEU-MET-FAST-003Casel2
umetda | HEU | WaterRe ectedHEU(97.675)Spherewith plexiglassring HEU-MET-FAST-004 Case2
umetdb | HEU | WaterRe ectedHEU(97.675)Sphere Trans.Am. Nuc. Soc.27, HEU-MET-FAST-004 (Casel)
pg.412(1977)
umet8 | HEU | BareHEU SphereVNIITF, 3D model HEU-MET-FAST-008
umet9a | HEU | Be-Re ectedHEU( 89.6)SphereVNIITF HEU-MET-FAST-009 Casel
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Name | Type | Description CSEWG ICSBEP

umet9b | HEU | BeO-Re ectedHEU( 89.6)SphereVNIITF HEU-MET-FAST-009 Case2
umetll | HEU | Polyetlylene(CH2)-Re ectedHEU( 89.6)SphereVNIITF HEU-MET-FAST-011
umetl2 | HEU | Aluminium-Re ectedHEU(89.6)SphereVNIITF HEU-MET-FAST-012
umetl3 | HEU | St.20Steel-Re ectedtHEU(89.6)SphereVNIITF HEU-MET-FAST-013
umetl4 | HEU | DepletedUranium-Re ectedHEU( 89.6)SphereVNIITF HEU-MET-FAST-014
umetl5 | HEU | BareHEU Cylinder, VNIITF HEU-MET-FAST-015
umetl8 | HEU | Simpli ed BareHEU SphereVNIIEF HEU-MET-FAST-018
umetl9 | HEU | Graphite-Re ectedHEU SphereVNIIEF HEU-MET-FAST-019
umet20 | HEU | Polyetlylene-Re ectedHEU SphereVNIIEF HEU-MET-FAST-020
umet21 | HEU | Steel-Re ectedHEU SphereVVNIIEF HEU-MET-FAST-021
umet22 | HEU | Duralumin-Re ectedHEU SphereVNIIEF HEU-MET-FAST-022
umet28 | HEU | Flattop-25U(nat)-Re ectedHEU SPHERE (F-22) HEU-MET-FAST-028
usoll3a| HEU | ORNL-1,Unre ectedSphereof Uraryl(20.12g/l) Nitrate (T-1) HEU-SOL-THERM-003Casel
usoll3b| HEU | ORNL-2,Unre ectedSphereof Uraryl(23.53g/l) Nitrate with Boron (T-2) HEU-SOL-THERM-003Case2
usoll3c | HEU | ORNL-3, Unre ectedSphereof Urarnyl(26.77g/l) Nitratewith Boron (T-3) HEU-SOL-THERM-003Case3
usol1l3d | HEU | ORNL-4,Unre ectedSphereof Uraryl(28.45g/1) Nitrate with Boron (T-4) HEU-SOL-THERM-003Case4
usol32 | HEU | ORNL-10,Unre ectedSphereof Uraryl(28.45g/l) Nitrate with Boron (T-5) HEU-SOL-THERM-032
pumetl | 2%°Pu | Jezebel-P4.5%), Baresphereof Pu-239with 4.5% Pu-240 (F-1) PU-MET-FAST-001
pumet2 | 23°Pu | Jezebel-P{20 %), Baresphereof Pu-239with 20 % Pu-240 (F-21) PU-MET-FAST-002
pumet5 | 23°Pu | Tungsten-Re ectedPu(94.79)SpherePlanetassembly PU-MET-FAST-005
pumet6 | 23°Pu | NormalUranium-Re ectedPu(93.80)SphereFlattopassembly (F-23) PU-MET-FAST-006
pumet8al 23%Pu | Thorium-Re ectedPu(93.59)Sphere;Thor Assembly 1D Model (F-25) PU-MET-FAST-008 Casel
pumet8b| 23%Pu | Thorium-Re ectedPu(93.59)SphereThor Assembly 2D Model PU-MET-FAST-008 Case?
pumet9 | 23%Pu | Aluminum-Re ectedPu(94.8)SphereCometAssembly PU-MET-FAST-009
pumet10| 23%Pu | U(N)-Re ectedPusphere PU-MET-FAST-010
pumetll| 23%Pu | WaterRe ectedalpha-phas@usphere PU-MET-FAST-011
pumet18| 23%Pu | Be-Re ectedPu(94.79)SpherePlanetAssembly PU-MET-FAST-018
pumet19| 23%Pu | Be-Re ectedPu(90) SphereVNIITF PU-MET-FAST-019
pumet20| 23%Pu | DepletedUranium-Re ectedPu(90) SphereVNIITF PU-MET-FAST-020
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Name | Type | Description CSEWG ICSBEP
pumt21al 2%Pu | Be-Re ectedPuCylinder PU-MET-FAST-021Casel
pumt21b| 23°Pu | BeO-Re ectedPuCylinder PU-MET-FAST-021Case2
pumet22| 23%u | Simpli ed Plutonium(98 %)BareSphereVNIIEF PU-MET-FAST-022
pumet23| 23%Pu | Simpli ed PlutoniumSphereGraphitere ector, VNIIEF PU-MET-FAST-023
pumet24| 23%Pu | Simpli ed PlutoniumSpherePolyettyleneRe ector, VNIIEF PU-MET-FAST-024
pumet25| 23%Pu | Simpli ed PlutoniumSphere]1.55cm SteelRe ector, VNIIEF PU-MET-FAST-025
pumet26| 23%Pu | Simpli ed PlutoniumSphere11.9cm SteelRe ector, VNIIEF PU-MET-FAST-026
pnll | 23%Pu | PNL-1,ldealized(No Container)Unre ected Sphereof Pu T-13
Nitrate Solution
pnl6 | 23%Pu | PNL-6, Idealized(No Container)Unre ected Sphereof PuNitrate T-14,T-24
Solution;RevisedPNL2
puslila | 23°Pu | PNL-3,Unre ected18" Sphereof Pu(22.35g/1) Nitrate Solution (T-15) | PU-SOL-THERM-011Casel8-1
pusl1lb | 22%Pu| PNL-4,Unre ected18" Sphereof Pu(27.49/l) Nitrate Solution (T-16) | PU-SOL-THERM-011Casel8-6
pusllic | 23%Pu | PNL-5,Unre ected16" Sphereof Pu(43.43g/INitrate Solution (T-17) | PU-SOL-THERM-011Casel6-5
pusl1id | 23%Pu| Unre ected16" Sphereof Pu(34.96g/INitrate Solution PU-SOL-THERM-011Casel6-1
mixmetl| MM | HEU-Re ectedPuSpherePlanetAssembly MIX-MET-FAST-001
mixmet3| MM | HEU-Re ectedPuSphereVNIITF MIX-MET-FAST-003
mixmet8| MM | ZEBRA 8A/2, GraphiteandNaturalUraniumre ected Pu MIX-MET-FAST-008 Casel




6.2.2 Benchmark Results
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Table6.2: Criticality benchmarkesults.

Name Result ENDF60 | ENDF66 JEF2.2 JEFF3.0 | JEFF3.1 | JENDL3.3 | ENDF/B-VI.8
mixmetl | 1.00000(160) | 0.99722(12) | 0.99683(12) | 0.99320(12) | 0.99750(12) | 0.99833(12) | 0.99698(11) | 0.99675(11)
mixmet3 | 0.99930(160) | 0.99883(12) | 0.99826(11) | 0.99479(11) - 1.00042(12) | 0.99906(12) | 0.99842(11)
mixmet8 | 0.99200(630) | 0.99214(10) | 1.00433(10) | 0.99247(9) - 0.98792(10) | 0.99261(9) | 1.00367(9)
pnll - 1.00818(12) | 1.00879(12) | 1.01499(12) | 1.00862(12) | 1.00821(12) | 1.01123(12) | 1.00767(12)
pni6 - 1.00327(13) | 1.00354(14) | 1.01074(14) | 1.00453(13) | 1.00352(13) | 1.00655(13) | 1.00243(14)
pumetl | 1.00000(200) | 0.99781(11) | 0.99750(11) | 0.99468(11) | 1.00019(12) | 1.00012(11) | 0.99698(11) | 0.99751(11)
pumet2 | 1.00000(200) | 0.99853(11) | 0.99805(11) | 0.99523(11) | 1.00490(12) | 1.00435(11) | 1.00131(11) | 0.99798(11)
pumet5 | 1.00000(130) | 1.00964(12) | 1.00770(12) | 0.99564(12) - 1.00416(12) | 1.00131(12) | 1.00780(12)
pumet6 | 1.00000(300) | 1.00396(14) | 1.00253(14) | 0.98688(14) | 0.99526(13) | 1.00297(13) | 0.99165(14) | 1.00289(14)
pumet8a | 1.00000(300) | 1.00658(13) | 1.00666(12) | 0.98654(12) | 1.00945(12) | 1.00294(12) | 1.00734(13) | 1.00635(12)
pumetsb | 1.00000(60) | 1.00603(12) | 1.00574(12) | 0.98623(11) | 1.0091512) | 1.00234(12) | 1.00672(12) | 1.00555(12)
pumet9 | 1.00000(270) | 1.00111(12) | 1.00114(12) | 1.00987(12) | 1.00463(12) | 1.00448(12) | 1.00005(12) | 1.00142(12)
pumet10 | 1.00000(180) | 1.00014(12) | 0.99866(12) | 0.98734(12) | 0.99487(11) | 1.00147(12) | 0.99168(11) | 0.9985%12)
pumet11 | 1.00000(100) | 0.99753(14) | 0.99695(14) | 0.99603(14) | 0.99741(14) | 0.99681(15) | 0.99788(15) | 0.9964813)
pumet18 | 1.00000(300) | 0.99968(12) | 0.99917(12) | 0.98555(12) | 0.99717(13) | 0.99705(12) | 0.99746(13) | 0.99929(12)
pumet19 | 0.99920(150) | 1.00208(12) | 1.00126(13) | 0.98491(12) - 0.99913(13) | 0.99959(13) | 1.00095(12)
pumet20 | 0.99930(170) | 1.00002(12) | 0.99848(13) | 0.98406(13) - 1.00050(12) | 0.98956(13) | 0.99830(12)
pumet21al 1.00000(260) | 1.00452(13) | 1.00407(12) | 0.98989(12) - 1.00346(13) | 1.00332(13) | 1.00397(13)
pumet21b| 1.00000(260) | 0.99324(12) | 0.99252(13) | 0.98370(12) - 0.99220(13) | 0.99242(12) | 0.99157(13)
pumet22 | 1.00000(210) | 0.99658(11) | 0.99614(12) | 0.99333(11) - 0.99804(11) | 0.99510(11) | 0.99615(11)
pumet23 | 1.00000(200) | 0.99829(11) | 0.99786(12) | 0.9944%(12) - 0.99862(12) | 0.99616(12) | 0.99796(12)
pumet24 | 1.00000(200) | 1.00002(12) | 0.99986(13) | 0.99804(12) - 0.99954(13) | 0.99887(13) | 0.99954(13)
pumet25 | 1.00000(200) | 0.99709(11) | 0.99659(12) | 0.99556(12) - 0.99665(11) | 0.99682(12) | 0.99653(12)
pumet26 | 1.00000(240) | 0.99742(12) | 0.99663(12) | 0.99901(12) - 0.99697(12) | 0.99993(12) | 0.99694(12)
puslila | 1.00000(520) | 0.99543(10) | 0.99617(10) | 1.00061(10) - 0.99541(10) | 0.99851(11) | 0.99536(11)
pusi1lb | 1.00000(520) | 1.00080(11) | 1.00132(11) | 1.00658(11) - 1.00079(11) | 1.00406(11) | 1.00046(11)
pusilic | 1.00000(520) | 1.00612(12) | 1.00648(12) | 1.01339(12) - 1.00618(12) | 1.00948(12) | 1.00561(12)
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Name Result ENDF60 | ENDFG66 JEF2.2 JEFF3.0 | JEFF3.1 | JENDL3.3 | ENDF/B-VI.8
pusi11d | 1.00000(520) | 1.01031(12) | 1.01107(12) | 1.01692(12) - 1.01032(12) | 1.01364(12) | 1.01018(12)
23umtl | 1.00000(100) | 0.99307(11) | 0.99287(11) - 1.01371(11) | 1.00416(11) | 1.00412(11) | 0.99288(10)
23umt2a | 1.00000(100) | 0.9955%(11) | 0.99521(11) - 1.01023(12) | 1.00251(12) | 1.00302(12) | 0.99527(12)
23umt2b | 1.00000(110) | 0.99766(11) | 0.99742(11) - 1.00945(12) | 1.00343(12) | 1.00422(11) | 0.99770(11)
23umt3a | 1.00000(100) | 0.99681(11) | 0.99618(11) - 1.00890(12) | 1.00567(12) | 1.00102(12) | 0.99622(11)
23umt3b | 1.00000(100) | 0.99916(11) | 0.99823(12) - 1.00646(12) | 1.00707(13) | 1.00005(12) | 0.99813(12)
23umtda| 1.00000(70) | 1.00303(12) | 1.00207(12) - - 1.00542(11) | 1.00561(12) | 1.00222(12)
23umt4b | 1.00000(80) | 1.00561(13) | 1.00418(12) - - 1.00429(12) | 1.00421(12) | 1.00414(12)
23umt5a | 1.00000(300) | 0.99468(12) | 0.99483(11) - 1.00835(12) | 1.00062(12) | 1.00137(12) | 0.99494(13)
23umt5b | 1.00000(300) | 0.99708(12) | 0.99721(13) - 1.00704(13) | 1.00010(13) | 1.00172(13) | 0.99713(12)
23umt6 | 1.00000(140) | 1.00124(13) | 1.00036(13) - 1.00389(13) | 1.00610(13) | 0.99834(13) | 1.00033(13)
23uslla | 1.00000(310) | 0.99777(8) | 0.99876(7) - 1.00081(8) | 0.99903(7) | 1.00024(8) | 0.99853(7)
23usl1b | 1.00050(330) | 0.99755(8) | 0.99776(7) - 1.00054(8) | 0.99902(7) | 1.00021(7) | 0.99839(7)
23uslic | 1.00060(330) | 0.997058) | 0.998198) - 1.00031(8) | 0.99834(8) | 0.999558) | 0.99783(8)
23usl1ld | 0.99980(330) | 0.99722(8) | 0.99817(8) - 1.00010(8) | 0.99848(8) | 0.99964(8) | 0.99800(8)
23uslle | 0.99990(330) | 0.99673(8) | 0.997588) - 0.99934(8) | 0.99761(8) | 0.9989%8) | 0.99727(8)
23usl8 | 1.00060(290) | 0.99640(5) | 0.99745) - 0.99913(5) | 0.99788(5) | 0.99903(5) | 0.99739(5)
at23 | 1.00000(100) | 1.00281(13) | 1.00216(13) - 1.00601(13) | 1.00808(13) | 1.00042(13) | 1.00209(13)
bigtenl | 0.99600(300) | 1.00706(10) | 1.00941(9) | 0.99956(10) | 0.99329(9) | 0.99052(10) | 0.98784(10) | 1.00918(10)
bigten2 | 0.99600(300) | 1.00465(10) | 1.00736(10) | 0.99754(9) | 0.99136(9) | 0.98819(9) | 0.98569(10) | 1.00718(10)
umetlns | 1.00000(100) | 0.99656(12) | 0.99645(11) | 0.99529(11) | 0.99653(11) | 0.99639(12) | 1.00296(11) | 0.9961%(12)
umetlss | 1.00000(100) | 0.99655(11) | 0.99647(11) | 0.99490(11) | 0.99633(11) | 0.99637(12) | 1.00294(11) | 0.99668(11)
umet3a | 1.00000(500) | 0.99308(12) | 0.99170(11) | 0.98383(12) | 0.98667(12) | 0.99387(12) | 0.99225(11) | 0.99154(12)
umet3b | 1.00000(500) | 0.99276(11) | 0.99180(12) | 0.98259(12) | 0.98566(12) | 0.99328(12) | 0.99036(12) | 0.99156(11)
umet3c | 1.00000(500) | 0.99792(12) | 0.99686(12) | 0.98710(11) | 0.99005(12) | 0.99796(12) | 0.99464(12) | 0.99654(12)
umet3d | 1.00000(300) | 0.99664(12) | 0.99523(12) | 0.98522(12) | 0.98823(11) | 0.99625(12) | 0.99210(12) | 0.99531(12)
umet3e | 1.00000(300) | 1.00106(13) | 1.00028(12) | 0.99048(13) | 0.99283(12) | 1.00051(12) | 0.99642(12) | 1.00020(13)
umet3f | 1.00000(300) | 1.00156(12) | 1.00066(13) | 0.99067(13) | 0.99306(12) | 1.00055(13) | 0.99665(12) | 1.00073(12)
umet3g | 1.00000(300) | 1.00183(13) | 1.00142(13) | 0.99198(12) | 0.99387(13) | 1.00137(13) | 0.99764(12) | 1.00156(13)
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Name

Result

ENDF60

ENDF66

JEF2.2

JEFF3.0

JEFF3.1

JENDL 3.3

ENDF/B-VI.8

umet3h
umet3i
umet3j
umet3k
umet3l
umetda
umetdb
umet8
umet9a
umet9b
umetll
umetl2
umetl13
umetl4
umetl5
umetl18
umet19
umet20
umet21
umet22
umet28
usoll3a
usol13b
usoll3c
usol13d
usol32
ieumtla
ieumtlb
ieumtlc

1.00000(500)
1.00000(500)
1.00000(500)
1.00000(500)
1.00000(300)
1.00200
1.00030(50)
0.99890(160)
0.99920(150)
0.99920(150)
0.99890(150)
0.99920(180)
0.99900(150)
0.99890(170)
0.99960(170)
1.00000(160)
1.00000(300)
1.00000(300)
1.00000(260)
1.00000(210)
1.00000(300)
1.00120(260)
1.00070(360)
1.00090(360)
1.00030(360)
1.00150(260)
0.99890
0.99970
0.99930

1.00635(12)
1.00656(13)
1.00768(12)
1.00985(12)
1.00468(12)
1.00082(14)
0.99634(15)
0.99243(11)
0.99482(13)
0.99381(12)
0.99645(15)
0.99391(12)
0.99418(11)
0.99553(12)
0.99150(12)
0.99616(11)
1.00364(12)
0.99741(13)
0.99488(12)
0.99230(12)
1.00235(13)
0.99789(8)

0.99700(8)

0.99357(8)

0.99506(9)

0.99749(6)

0.99723(12)
0.99743(12)
0.99908(12)

1.00464(12)
1.00582(12)
1.00917(12)
1.01351(12)
1.00433(12)
0.99961(15)
0.99578(15)
0.99221(12)
0.99505(13)
0.99363(12)
0.99513(14)
0.99380(12)
0.99405(12)
0.99433(12)
0.99109(11)
0.99605(12)
1.00344(12)
0.99658(13)
0.99401(12)
0.99238(11)
1.00183(13)
0.99953(7)
0.99850(8)
0.99487(9)
0.99648(8)
0.99915(6)
0.99677(11)
0.99673(12)
0.99785(12)

0.99665(12)
0.99748(12)
1.00165(12)
1.00668(12)
1.00385(12)
1.00008(14)
0.99601(15)
0.99077(12)
0.98833(12)
0.98985(12)
0.99619(15)
0.99742(12)
0.99731(12)
0.98682(11)
0.99007(12)
0.99454(11)
1.00254(12)
0.99628(13)
1.00054(11)
1.00060(12)
0.99164(12)
0.99904(7)
0.99814(8)
0.99482(9)
0.99643(8)

0.99577(12)
0.99579(12)
0.99472(12)

1.00133(12)
1.00341(12)
1.00902(12)
1.01421(13)

1.00012(14)
0.99584(14)

0.99133(11)
0.99602(11)
1.00353(12)
0.99708(13)

0.99397(12)
0.99416(13)
0.99906(7)
0.99813(8)
0.99428(8)
0.99595(8)
0.99840(5)

1.00115(13)
1.00283(12)
1.00843(12)
1.01418(13)
1.00175(12)
0.99893(14)
0.99466(14)
0.99242(11)
0.99354(12)
0.99244(12)
0.99581(15)
0.99476(11)
0.99271(11)
0.99653(12)
0.99106(12)
0.99601(12)
1.00363(12)
0.99724(13)
0.99351(12)
0.99380(12)
1.00181(12)
0.99907(7)

0.99826(8)

0.99439(8)

0.99580(9)

0.99886(5)

0.99786(12)
0.99796(11)
0.99794(12)

1.00645(12)
1.0073§(12)
1.01233(12)
1.01763(13)
1.00746(12)
1.00637(15)
1.00249(14)
0.99887(11)
0.99995(12)
0.99999(11)
1.00149(14)
1.00082(12)
1.00302(11)
0.99443(12)
0.99832(12)
1.00224(11)
1.00948(12)
1.00278(12)
1.00485(11)
0.99955(11)
0.99800(12)
1.00043(7)
0.99941(8)
0.99587(8)
0.99732(9)
1.00015(5)
0.99944(11)
0.99947(12)
0.99643(11)

1.00473(12)
1.00581(13)
1.00870(12)
1.01306(12)
1.00431(12)
0.99906(14)
0.99511(14)
0.99223(11)
0.99465(12)
0.99282(12)
0.99525(14)
0.99387(12)
0.99418(12)
0.99457(12)
0.99149(12)
0.99600(12)
1.00317(12)
0.99687(13)
0.99415(11)
0.99264(12)
1.00195(12)
0.99930(7)
0.99829(8)
0.99464(8)
0.99610(8)
0.99923(6)
0.99652(12)
0.99666(12)
0.99812(11)
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Name Result ENDF60 | ENDFG66 JEF2.2 JEFF3.0 | JEFF3.1 | JENDL3.3 | ENDF/B-VI.8
ieumtld | 1.00020 | 0.99964(12) | 0.99824(12) | 0.99516(13) - 0.99810(11) | 0.99711(11) | 0.99855(13)
ieumt2 | 1.00000(300) | 1.00419(11) | 1.00347(10) | 0.99353(11) | 0.99066(10) | 0.99209(11) | 0.98710(11) | 1.00335(11)
ieumt3 | 1.00000(170) | 1.00046(12) | 0.99893(12) | 0.99577(11) - 0.99926(12) | 0.99692(12) | 0.99920(11)
ieumt4 | 1.00000(300) | 1.00465(11) | 1.00381(12) | 1.00204(12) | 1.0016%(12) | 1.00376(12) | 1.00279(12) | 1.00376(12)
ieumt5 | 1.00000(210) | 1.00010(12) | 0.99883(11) | 1.00388(12) - 0.99771(12) | 1.00146(11) | 0.99901(12)
ieumt6 | 1.00000(230) | 0.99217(11) | 0.99117(12) | 1.00678(11) - 0.99241(12) | 0.99374(11) | 0.99154(12)




6.2.3 Conclusions

6.3 LawrenceLivermore PulsedSphere Benchmark

6.3.1 Experimental Setup

In the late 60's, LawrenceLivermoreNational Laboratory(LLNL) hasperformeda seriesof
pulsedsphereexperimentdq23] to studyneutroncrosssectiongboth at low andhigh neutron
enepy) andfor the purposeof validatingneutrontransportcodeshatwerebeingusedat LLNL
(suchasSORSandTART) [24, 25, 26, 27, 28,29]. Los AlamosNationalLaboratoryhasalso
usedtheseexperimentdo benchmarktMCNP [30] andto benchmarkENDF/B-VI data[31, 32].
In thesepulsedsphereexperiments,an almostisotropic 14 MeV neutronsourcewas placed
at the centerof a sphericaltarget assembly The resultingneutronemissionspectravasthen
measuredisingtime of ight techniquesFor thehighenegy spectraatotal of 51 experiments
on 38differenttargetcon gurationsusingl6 differentmaterialshave beenperformedseetable
6.3).

Table6.3: Tagetmaterialoverview for the LawrencelLivermorepulsedsphereaxperiments.

Material Size | Experiment|| Material Size | Experiment
OLi 0.5 01,02 Ti 1.2 28
1.1 03 2.2 29
1.6 04 3.5 30
Li 0.5 05,06 Fe 0.9 31,32
1.1 07 2.9 33,34
1.6 08 4.8 35,36
Be 0.8 09 Pb 1.4 37,38
C 0.5 10,11 H>0 1.1 39
1.3 12,13 1.9 40,41
2.9 14,15 D,0O 1.2 42
N 1.1 17 2.1 43
3.1 18 Polyetlylene | 0.7 44
O 1.1 19 1.6 45
Mg 0.7 20,21 3.0 46
1.2 22 Te on 0.9 47
1.9 23 1.8 48
Al 0.9 24,25 2.9 49,50
1.6 26 Concrete | 2.0 52
2.6 27 3.8 54

The nearlyisotropic14 MeV neutronsourceplacedat the centerof the spheresvasproduced
by a T(d,nY*He reaction. A deuterorbeamwasacceleratedby the LivermorelnsulatedCore
Transformel(ICT) acceleratoto anenegy of 400keV anddirectedtowarda tritiatedtitanium
disk of 1.2 cmin diameterat the centerof a cubical40 ft. tarmgetpit. Thetargetdisk washeld
in placeby alow massstructuremadeprimarily of aluminumandstainlessteel.
TheneutrondetectorgeitherthePilot B or NE213detectorthatwereusedio measuréhetime-
of- ight spectravereplacedinsidethetargetpit walls, behindcollimatorsto protectthemfrom
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the target pit background.Both the Pilot B andNE213detectorwereoperatedata 1.6 MeV
neutronbias(neutronselow this enegy werenot detected) The neutrondetectechave ener
giesrangingfrom about16 MeV to 2 MeV. As such,the pulsedsphereaxperimentsdescribed
hereareexcellentbenchmarksor the higherenegy crosssectiongabove 2 MeV).

The detectorswere placedat 30 degreesand 120 degreeswith respectto the beamline at
distancebetween/50and925cm (dependingon the angleusedandthe experiment).A mea-
suremenat 30 degreesvasmadefor every typeof sphereandmaterial.Only thosespheresand
materialsthathave two experimentnumbersn table6.3 have measuremeniat 120 degrees.
The pulsedspheresxperimentsarea lot moresensitve to crosssectiondataandevenangular
distributionswhencomparedo integral benchmarkga very goodexamplearethe magnesium
spheresseesection6.3.3and gures 6.21to0 6.24). This aspectalonemakesthemprime can-
didatedfor validatingnucleardatabecauseventhe smallesdifferenceswill bevery clear

In generalthe following requirementsnustbe metto obtainagreemenbetweenthe experi-
mentaltime of ight spectrumandthoseobtainedthroughcalculations:

the correcttotal andtotal elasticcrosssectionat around15 MeV (the transmittedpeak
andtheelasticregionis sensitve to crosssectionsatthatenegy)

the correcttotal crosssectionover theentireenegy range
thecorrecttotal andlevel inelasticscatteringcrosssections
the correctangulardistribution for elasticscatteringandthelevels of inelasticscattering

The neutronsourceitself (in particularthe enegy andangledistribution) mustbe well known

becausehe positionof the transmittedoeakis determinedy the neutronenegy of the source
underthe measuredngle. This hashowever nothingto do with the nucleardataitself. This

neutronsourcemustbe modeledcorrectlyin the transportcodethatis used(somethingwvhich

hasalreadybeendoneby LANL [31, 32)).

6.3.2 MCNPX Calculations

As mentionedbefore,the pulsedsphereexperimentscanbe usedto benchmarkooth neutron
crosssectiondataandneutrortransportodes.In generathesawo aspectgannoteseparated,
but they areseparablavhenthe relevantneutroncrosssectionsareaccuratelyknovn or when
we aresatis edfrom otherconsiderationthatthe neutrontransporicodebeingusedis correct.
In our case we wantto benchmarkdifferentnucleardataevaluationsusingMCNPX 2.5.e,a
codeof which thevalidity hasbeenprovenon numerousccasions.

Someof thesepulsedspheresxperimentshave alreadybeenusedfor benchmarksvith MCNP
[30, 32]. Thesereportsalsoincludedthe MCNP input les thatwere usedfor thosebench-
marks. Becausenot every pulsedsphereexperimentfrom the original LLNL report[23] is
givenin thepreviously mentioned_ ANL reportswe have decidedto remodelthe geometryof
every pulsedspherexperimentasit wasgivenin theoriginal LLNL report.
Everytamgetspherevasplacednsidealarge1000cmspherelled with air atastandardiensity
0f 0.001288 cm 3. Thesamecompositiorasthe LANL reportswasusedfor thisair. Thelow
masgargetthatshouldbe placedinsidethe spherevasnot modeledbecausé hasbeenshavn
thatthis hasno effect on the calculatedime of ight spectrgd23, 30]. The concretewalls of
thetargetpit hasnotbeenmodeledaswell becauseheir effect wasdeemednsigni cant [30].
The neutronsourcespeci cation (coming from the T(d,n)*He reaction)was also taken over
from thoseLANL reports:
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-0.93962
-0.76604
-0.50000
-0.17365

0.17365
0.50000
0.76604
0.93969
1.00000

c data cards - source (as given by LA-12212 and LA-12885)
sdef pos=0 0 O dir=dl erg=fdir=d2 rad=d3 vec=-1 00
sur=100 tme=d4
sil a -1.00000 -0.99619 -0.98481 -0.96593 -0.93969
-0.90631 -0.86603 -0.81915 -0.76604 -0.70711
-0.64279 -0.57358 -0.50000 -0.42262 -0.34202
-0.25882 -0.17365 -0.08716  0.00000  0.08716
0.17365 0.25882 0.34202 0.42262  0.50000
0.57358 0.64279 0.70711 0.76604  0.81915
0.86603  0.90631 0.93969 0.96593  0.98481
0.99519  1.00000
spl 0.874 0.874 0.875 0.876 0.877
0.879 0.882 0.884 0.888 0.891
0.895 0.899 0.904 0.909 0.914
0.919 0.924 0930 0.935 0.941
0.946 0.952 0.957 0.962 0.967
0.972 0.976 0.981 0.985 0.988
0.991 0.994 0.996 0.998 0.999
1.000 1.000
ds2 g -0.99619 180 -0.98481 175 -0.96593 170
-0.90631 160 -0.86603 155 -0.81915 150
-0.70711 140 -0.64279 135 -0.57358 130
-0.42262 120 -0.34202 115 -0.25882 110
-0.08716 100 0.00000 95 0.08716 90
0.25882 80 0.34202 75 0.42262 70
057358 60 0.64279 55 0.70711 50
0.81915 40 0.86603 35 0.90631 30
096593 20 098481 15 098619 10
si3 h 006
sp3  d 21 1
sp4d -41 <FWHM>0
sib h 15.106 15.110
sp5 d 01
sil0  h 15.095 15.106
spl0 d 01
sil5  h 15.075 15.095
SP15 d 01
si20  h 15.049 15.075
sp20 d 01
si25 h 15.015 15.049
sp25 d 01
si30  h 14.974 15.015
sp30 d 01
si35  h 14.927 14.974
sp35 d 01
si40  h 14.873 14.927
SP40 d 01
si45 h 14.814 14.873

62

165
145
125
105
85
65
45
25



sp45
si50
sp50
sib5
Sp55
Si60
sp60
Si65
Sp65
si70
sp70
Si75
Sp75
si80
sp80
Si85
sp85
si90
sp90
Si95
Sp95
si100
sp100
si105
sp105
si110
spl110
si115
spl15
si120
sp120
Si125
sp125
si130
sp130
Si135
spl135
si140
sp140
si145
spl145
si150
sp150
Si155
Sp155
si160
sp160
Si165

o i o i i o B i o B i o B 3 o B B o B i o B i o B 3 o B B o B 3 o B i o B i o B i o B i o B i o B S o B 2 o B 3 o B i o B il o B i o Bl i o B i o X

01
14.750
01
14.681
01
14.608
01
14.532
01
14.453
01
14.372
01
14.289
01
14.206
01
14.123
01
14.040
01
13.958
01
13.878
01
13.800
01
13.725
01
13.654
01
13.586
01
13.522
01
13.464
01
13.410
01
13.362
01
13.320
01
13.284
01
13.254
01
13.230

14.814

14.750

14.681

14.608

14.532

14.453

14.372

14.289
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14.123

14.040

13.958

13.878

13.800

13.725

13.654

13.586

13.522

13.464

13.410

13.362

13.320

13.284

13.254
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sple5 d 0 1
sil70 h 13.214 13.230
spl70 d 0 1
sil75 h 13.203 13.214
spl75 d 0 1
sil80 h 13.200 13.203
spl80 d 0 1

in which the parametekFWMH>n the sp4 -cardis the FWMH parameteof a Gaussiartime
resolutionfunctionassociateavith the neutronpulsefor every experiment23]. Thevaluesfor
this parametefor every spherecanbefoundin table6.4.

Table6.4: Input parametergor the MCNPX input les for the differentpulsedspheresxperi-
ments

Detector| <FWMH>| d q Detector| <FWMH> d q
[shales] | [cm] | [a] [shales] | [cm] | [a]
01| PilotB 0.4 765.2| 30 || 28| PilotB 0.4 765.2| 30
02 | NE213 0.4 977.2| 120 || 29 | PilotB 0.4 765.2| 30
03| PilotB 0.4 765.2| 30 || 30| PilotB 0.4 765.2| 30
04 | PilotB 0.4 765.2| 30 || 31| NE213 0.3 766.0| 30
05| PilotB 0.4 765.2| 30 || 32| NE213 0.3 975.2| 120
06 | NE213 0.4 977.2| 120 || 33 | NE213 0.3 766.0| 30
07 | PilotB 0.4 765.2| 30 || 34| NE213 0.3 975.2| 120
08 | PilotB 0.4 765.2| 30 || 35| NE213 0.3 766.0| 30
09| PilotB 0.4 765.2| 30 || 36 | NE213 0.3 975.2| 120
10| NE213 0.4 766.0| 30 || 37| NE213 0.3 766.0| 30
11 | NE213 0.4 975.2| 120 || 38 | NE213 0.3 975.2| 120
12 | NE213 0.4 766.0| 30 || 39| PilotB 0.5 754.0| 30
13| NE213 0.4 975.2| 120 || 40 | PilotB 0.5 754.0| 30
14 | NE213 0.4 766.0| 30 || 41| NE213 0.3 975.4| 120
15| NE213 0.4 975.2| 120 || 42| PilotB 0.5 765.2| 30
17 | PilotB 0.5 763.3| 30 || 43| PilotB 0.5 765.2| 30
18 | PilotB 0.4 765.2| 30 || 44| PilotB 0.6 754.0| 30
19| PilotB 0.5 754.0| 30 || 45| PilotB 0.6 754.0| 30
20| PilotB 0.4 765.2| 30 || 46| PilotB 0.4 765.0| 30
21| NE213 0.4 977.2| 120 || 47 | PilotB 0.6 752.0| 30
22 | PilotB 0.4 765.2| 30 || 48| PilotB 0.6 752.0| 30
23| PilotB 0.4 765.2| 30 || 49| PilotB 0.6 752.0| 30
24 | PilotB 0.4 765.2| 30 || 50| NE213 0.3 975.4| 120
25| NE213 0.4 977.2| 120 || 52 | NE213 0.3 975.4| 120
26 | PilotB 0.4 765.2| 30 || 54| NE213 0.3 975.4| 120
27 | PilotB 0.4 765.2| 30

Thetime of ight spectrawere calculatedusinga ring detectoraboutthe x-axis becausehe
MCNPX modelis symmetricalwith respecto this axis:

foxin - <x> <y> 0.0
t5 <timelist>
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where<timelist>  is alist of 2 nstime binsasgivenby the LLNL report[23]. <x> and<y>
arepositionparametersor the detector(dependingn theangleq of the detectomwith respect
to the nggative x-axisandthedistanced of the detectorto the origenof the sphere):

<x>= dcosqg (6.3.1)

<y> = dsing (6.3.2)

An overview of thesevaluesandthe type of detectorusedfor every experimentcanbe found
in table6.4.

Becausehedetectoresponséunctionswerenotunfoldedfrom theexperimentadata,adetec-
tor enegy (de) anddosefunction (df ) cardwereused. The detectorresponsdunctionsgiven
by the LANL reportwerealsotakenoverfor our calculationgthey arethedetectoref ciencies
givenin the LLNL report[23]). For the Pilot B detectoythisis:

de5 lin 16 20 13i 16.0
df5 lin  0.00 225 410 470 485 485 470 4.30
425 405 385 3.65 355 3.60 3.75 3.85

andfor the NE213detectotthisis:

de5 lin 16 18 19 20 21 22 23 24 25 275
30 35 40 45 50 55 60 64 6.6 68 7.0
75 81 85 9.0 100 110 120 125 130
135 14.0 150 16.0

df5 lin 000 146 186 226 258 300 329 342
3.63 3.95 410 425 433 439 440 437 428
415 420 418 412 397 3.80 3.77 3.65 3.44
324 3.06 301 298 298 3.01 3.08 3.25

The experimentaldatafrom the LLNL report[23] is expressedas countsper ns per source
particle (detectecheutronsat the detectorwhenthe target sphereis not present).As such,the
calculatedime of ight spectrunmustbedividedby 2 (becauseve use2 nstime bins) andby

thetotal numberof neutronghatreachthe detectowhenthe target spheres not presentthis

requiresa seperatealculation).

Usingthis normalisedime of ight spectrumwe have alsointegratedthe numberof countsin

time binscorrespondingvith neutronenepgiesof 12-16MeV and2-16MeV. Determinatiorof

thetime binswasbasedon thetime a particleof a givenenepgy would take to travel from the
centerof thespherdo thedetectomwithoutcollision (theLLNL reportcontainghisinformation
for every targetsphere).

The calculationsvereall run to obtainanaccurayg of 0.1 % on the total value. This way, the
errorin every 2 nstime bin (exceptfor the rst few time bins) is equalto or belov 1 %. In

mostcasesthis couldbeachievedwith 20 million neutronparticleswhennovariancereduction
techniquesvereused.The calculationtime itself variedfrom 20 min persphergle.g. the °Be
calculations}o 2 hours(e.g.thePbcalculationspna 3 GHz CPU.An exceptionto thisarethe
Fe calculationswhich used8 timesmore particlesto obtainthe properaccurag andabout10

hoursto complete.
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6.3.3 Benchmark Resultsand Discussion

Figures6.3to 6.53(atthe endof this chapter)give theresultsfor the 51 pulsedspheresxperi-

mentsthatcanbefoundin theoriginal LLNL report[23]. For every spherewe have calculated
thetimeof ight spectrunusingthestandardCNP(X) librariesENDF60andENDF66andall

thelibrariescontainedn ALEPH-LIB (JEF2.2,JEFF3.0,JEFF3.1,JENDL 3.3andENDF/B-
VI.8). For eachexperimentthereis anovervien graphof all resultsalongwith 7 othergraphs
for eachindividual result(makingit alot easierto comparewith the experimenttself). When-
ever an evaluationrequiredfor the calculationwas missingfrom the acelibraries,the gure

will containthetext “No resultdueto missingevaluation’.

Lithium spheres

We startwith 8 experimentson lithium spheregfour with Li andanotherfour with 6Li) in
gures 6.3t0 6.10. Therearethreecon gurationsfor thesdithium spheregwith radii of 8.97,
16.52 and 25.52 cm) wherethe different partsare encasedn a metal cladding (68.6% Fe,
20.0%Cr, 8.4%Ni, 2.0% Si and1.0% Mn). It shouldbe notedthatthe densityof the casing
was ratherhigh when comparedo othersphereghat usethe samecasingmaterial(> 9.0 g
cm 3 comparedo theusual7.9g cm 2). In our calculationswe have usedthosehigh values
in orderto consere the massof the material.

The JEFF 3.0 library is missingone of the isotopes(®°Ni) in the claddingso no resultsare
presentedor this library (the claddingcanhave signi cant impacton the results,we referto
the caseof liquid oxygenfor anobvious example).Fortunately thelithium datain JEFF3.0is
takenoverin JEFF3.1sothatdifferencedetweerbothlibrarieswould only bedueto different
datafor thecasingmaterials.In the®Li) graphsye canalsoseethatthe JEFF3.1andENDF/B-
V1.8 curvesare(practically)thesame.In thiscasethetime of ight spectrums dominatedoy
thelithium (contraryto theliquid oxygenspherevherethe casinghasalargerin uence).

For thebLi spherest is ratherdif cult to draw aconclusion Therearethreefamiliesof curves:
ENDF (ENDF/B-VI.8 andJEFF3.1 have the samdlithium data),JENDL 3.3andJEF2.2. All
familiesseemto be goodin the transmittedpeak. But beyondthe transmittedpeak,they tend
to separaté rst JEF2.2andlateron JENDL 3.3). In thatregion, JENDL 3.3followed by JEF
2.2 appeatto bethebest.At theendof thetime of ight spectrumthe JEF2.2 curve joinsthe
ENDF cunes.And in thatregion, the JEF2.2 andENDF curvesappeato bethebest.
Thesituationis however very differentfor the ’Li spheresThecurvesfor thedifferentlibraries
arealreadya lot closerto eachother The JEFF3.1 evaluation(takenfrom JEFF3.0whichin
turn took the datafrom an EFF 2.4 evaluation)and JENDL 3.3 appearto be the best,closely
followedby ENDF/B-VI.8 andJEF2.2 (basedn anolder EFFevaluation).

The beryllium sphere

Theresultsfor aberyllium spherecanbefoundin gure 6.11.In thiscaseijt is ahollow sphere
with anouterdiameterof 12.58cm andinnerdiameterof 8 cm.

Thereare again threedifferenttendenciesn the results: ENDF (JENDL 3.3 is very closeto

the ENDF curvesalthoughthereis no relationbetweerthetwo), JEFFandJEF2.2. Fromthe

graphs,it is obviousthatthe JEF 2.2 curve is completelyoff (by at leasta factor2). Justas
with thelithium spheresit is notsosimply to drav ade nite conclusiorhere.Justbeyondthe
transmittecpeak, JEFF3.1 appeargo bethebest.In the middle of thetime of ight spectrum
it appearso be ENDF while attheendJENDL 3.3is theclosest.
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Figure6.1: Comparisorof thetime of ight spectrunof aberyllium sphereusingthe original
JEFF3.0evaluationwhere(n,2n)is countedwice (left) andthe correctedevaluation(right). .

As notedin chaptelb, the JEFF3.0data(basedn EFF3.0mod?2) hadto becorrectecbecause
NJOY addedhe(n,2n)reactiontwice. It appearshatNJOY doesnotdistinguishbetweermtl16
(total (n,2n))and mt875to 890 (the differentlevels of the (n,2n)reaction). The JEFF3.1 le
wasalsobasedon EFF 3.0 evaluation(mod 6), but this le alreadyhadthis correction. This
(n,2n) problemis alsoclearly visible in the beryllium pulsedspherewherethe original JEFF
3.0datawasused. In this spectruman extra small peakappearsiext to the transmittedpeak
andtherestof the spectrums increasedalightly (see gure 6.1). This problemshaows thatthe
pulsedspheresanbe very usefulto quickly assesshequality of alibrary le.

Carbon spheres

The graphsfor the carbonspheresanbe foundin gures 6.12to 6.17. The threetypesof
carbonspheregwith radii of 4.187,10.16and20.96cm) aresolid sphere®f 99.995%carbon.
Thesecarbonspheresrevery interestingexamplessimply becausehe transmittecoeak,elas-
tic, discreteinelasticand continuuminelasticregionsare quite well separatedIf we take for
instancegure 6.16,thenthe spectrunmbetweerroughly 160and225nsis mainly determined
by the rst level of inelasticscattering(4.43MeV). The secondevel (7.66 MeV) determines
thespectrunbetweer200and325ns,...

For thecarbonsphereswe obsenre threefamiliesof curves: ENDF (beingENDF60,ENDF66,
ENDF/B-VI.8, JEFF3.0andJEFF3.1),JEF 2.2 (basedon ENDF/B-V) andJENDL 3.3. The
globalagreemenbetweerthedifferentlibrariesis quitegood(it shouldbe saidthatall libraries
exceptfor JENDL 3.3arebasecbn ENDF/B data). Theagreementvith themeasuredpectrum
is howeverthebestfor JENDL 3.3.

Liquid nitr ogenspheres

The liquid nitrogenspheresanbe foundin gure 6.18and6.19. For the nitrogenspheres,
therearetwo con gurations. Both consistof aninnerspherelled with liquid nitrogenthatis

placedinsideanothersphere.ln betweenhe spheresthereis a vacuum. The compositionof

the casingmaterialis the sameasthe oneusedin the lithium spheregexceptthatthe normal

densityof 7.9g cm 2 is used).For the rst con guration,thesespheresave radii of 19.11and

22.55cm. For thesecondcon gurationthisis 55.93and61.11cm.
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Liquid oxygenspheres

Theresultof theliquid oxygensphergwith aradiusof 10.50cm) canbefoundin gure 6.20.

The con guration of the liquid oxygenspheres similar to that of the liquid nitrogensphere
(theinnerspherehasaradiusof 10.50cm andthe outerspherehasaradiusof 11.28cm).

The agreemenbetweenthe different libraries and the experimentalresultsfor the oxygen

spherds notvery good(especiallyif we comparat with for instancehecarbonspheresvhere

the agreementwas almostperfect). This might (amongotherreasonspe causeddy the tem-

peratureof the datausedto calculatetime of ight spectrawhichis around300K while the

liquid nitrogenis probablyalot colder).

We also obsene somedifferencesbetweenthe JEFF 3.1 curve andthe ENDF/B-VI.8 curve

while the oxygendatain JEFF3.1is takenfrom ENDF/B-VI1.8. The differencedetweerboth

curvesarethereforeelatedo differencesn thedataof thecasingmaterialsof theliquid oxygen

sphere And aswe will seelateron for theiron spheregsee gure 6.32to0 6.37),theiron data
from JEFF3.1andENDF/B-VI1.8 aredistinctly different. Eitherway, theform of themeasured
spectrunis reproducedo somedegree.

Magnesiumspheres

Theresultsfor themagnesiunspheresanbefoundin gures 6.21to 6.24. Thethreetypesof
magnesiunspheregwith radii of 8.94,16.50and25.50cm) aresolid sphere®f magnesium.
All the ENDF libraries and the JEFF 3.0 library are in good agreementvith the measured
spectrum. The JENDL 3.3 and JEFF 3.1 dataon the otherhandshaw large differencegust
afterthe transmittedoeak(correspondindgo neutronenepgiesof 14 to 5 MeV). After areview
of the datain question,we found that the JEFF 3.0 data(only elementalMg) was basedon
JENDL 3.2 while the JENDL 3.3 data(the individual >*Mg, ?®Mg and?®Mg isotopes)were
basedon the sameJENDL 3.2 data(with a few updates.The JEFF3.1 dataitself wassimply
takenoverfrom JENDL 3.3.

As mentionedearlier the rst few levels of inelasticscatteringdeterminethe part of the time
of ight spectrumjust afterthe transmittedpeak. In orderto explain the differencesetween
the spectrawe comparedhe datafor the rst levelsof inelasticscatteringof 2*Mg, 2°Mg and
26Mg from JEFF3.1with thoseof elementamagnesiunirom JEFF3.0.
Theindividuallevelsof inelasticscatteringassociategvith 2*Mg, 2°Mg and?®Mg areall differ-
entfrom eachotherandcanall be foundin the elementamagnesiunevaluation(anovervienv
of the correspondindevels canbe found in the commentsectionof the ENDF le). For ex-
ample,the rst level of 24Mg (at 1.3686MeV) is the third level of the elementalevaluation.
Thesecondevel of Mg (at4.1200MeV) is the 18thlevel in theelementakvaluation,... To
transformthe crosssectionof alevel from anisotopeto thatof theelementwe needto multiply
the crosssectionby theisotopicalundanceof theisotope(78.99%for 2“Mg, 10.00%for 2°Mg
and 11.01%for 2®Mg). The angulardistributions of thoseinelasticlevels do not needto be
transformed.To transformthe othercrosssectiongelastic,capture.,...), we needto sumthe
individual isotopes'crosssectionanultiplied by theisotopicalbundances.

We foundno differencesn the crosssectionsput we did nd differencesn the angulardistri-
butionsof the rst two levelsof inelasticscatteringn 2*Mg, (at 1.3686and4.1200MeV) and
26Mg (at 1.8087and2.9384MeV. This canbe seenin gure 6.2, which givesthe rst three
levels of inelasticscatteringof 2“Mg comparedo the correspondindevels in the elemental
magnesiundata.Apart from thesedifferencesno othermajor differencesverefoundin other
crosssectionghatcanbeimportantfor thetime of ight spectrum(suchaselasticscattering,
capture(n,2n),...). Thedifferencein the spectras probablyonly causedy the differenceof
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a few angulardistributions. This examplealonedemonstratethe power of the pulsedsphere
asasimplevalidationbenchmark.
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Figure6.2: Comparisorof theangulardistributionsof the rst threeinelasticscatter
ing levels of 2*Mg from JEFF3.1 (at 1.3686,4.1200and4.2384MeV) comparedo
the correspondindevelsof elementaMg from JEFF3.0.

Aluminium spheres
Titanium spheres
Ir on spheres

Theresultsfor theiron spheregsanbefoundin gures 6.32to 6.37. Therewerethreedifferent
solidiron spheresvailable(with radii of 4.46,13.41and22.3cm).

Exceptfor theolderJEF2.2evaluationsof iron, all librariesappeato give goodagreementvith
themeasurement$Ve canalsoseethatthe curvesobtainedor ENDF librariesarehigherthan
theonesobtainedirom JEFF3.1andJENDL 3.3just afterthetransmittedoeak. This supports
our conclusionthatthe differencesn theliquid oxygensphere(see gure 6.20)arerelatedto
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differencesn datafor the casingmaterialg(the oxygendatain JEFF3.1andENDF/B-VI1.8 are
thesame).For thosecurwes,the ENDF dataalsogave a curve above theonefrom JEFF3.11in
theareajust beyondthetransmittedoeak.

In generalwe cansaythatthe JEFF3.1 areslightly betterthanthe ENDF/B-VI1.8 evaluations,
but thedifferences only minor.

Lead spheres

Light and heavy water spheres
Polyethylenespheres

Te on spheres
Concretespheres

The concreteresultscanbe foundin gures 6.52and6.53. Again, theseare solid spheresof
concretg55.70%0, 15.10%H, 14.90%Si, 3.60%Ca, 3.20%Al, 3.10%C, 1.80%Mg, 1.30%
Na, 0.325%Fe,0.325%K, 0.325%Ti and0.325%Mn) with radii of 21.0and35.5cm.
Theagreementor thedifferentlibrariesin the caseof the concretespherds astonishingespe-
cially whenwe know thatthereare12 differentelementsn this particularinstanceof concrete
(thereareliterally thousand®f differentpossiblecompositionf concrete).This is however
a pulsedsphereexperimentthat doesnot give muchinformationconcerningthe nucleardata
(simply becausehe numberof materialsinvolved is too high). In orderto learn something
from the results,the numberof materialsshouldbe assmall as possible. Solid spheresf a
singlematerial(suchasthe sphere®f solid carbon beryllium,...) arethebestwayto go.
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Figure6.3: Experimentl: 5Li 0.5mfp at 30 degreeswith thePilot B detector
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Figure6.9: Experiment7: ’Li 1.0mfp at30 degreeswith the Pilot B detector
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Figure6.12: Experimentl0: C 0.5 mfp at 30 degreeswith the NE213detector
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Figure6.13: Experimentll: C 0.5mfp at 120degreeswith the NE213detector
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Figure6.14: Experimentl2: C 1.3 mfp at 30 degreeswith the NE213detector
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Figure6.15: Experimentl3: C 1.3mfp at 120degreeswith the NE213detector
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Figure6.17: Experimentl5: C 2.9 mfp at 120degreeswith the NE213detector
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Figure6.18: Experimentl7: N 1.1 mfp at 30 degreeswith the Pilot B detector
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Figure6.19: Experimentl8: N 3.1 mfp at 30 degreeswith the Pilot B detector
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Figure6.20: Experimentl9: O 1.1 mfp at 30 degreeswith the Pilot B detector
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Figure6.21: Experiment20: Mg 0.7 mfp at 30 degreeswith the Pilot B detector
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Figure6.22: Experimen21: Mg 0.7 mfp at 120degreeswith the NE213detector
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Figure6.23: Experimen22: Mg 1.2 mfp at 30 degreeswith the Pilot B detector
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Figure6.24: Experimen23: Mg 1.9 mfp at 30 degreeswith the Pilot B detector
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Figure6.26: Experiment25: Al 0.9 mfp at 120degreeswith the NE213detector
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Figure6.27: Experiment26: Al 1.6 mfp at 30 degreeswith the Pilot B detector
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Figure6.28: Experimen27: Al 2.6 mfp at 30 degreeswith the Pilot B detector
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Figure6.29: Experimen28: Ti 1.2 mfp at 30 degreeswith the Pilot B detector
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Figure6.30: Experimen29: Ti 2.2 mfp at 30 degreeswith the Pilot B detector
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Figure6.31: Experiment30: Ti 3.5mfp at 30 degreeswith the Pilot B detector
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Figure6.32: Experiment31: Fe 0.9 mfp at 30 degreeswith the NE213detector
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Figure6.33: Experiment32: Fe 0.9 mfp at 120degreeswith the NE213detector
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Figure6.34: Experiment33: Fe 2.9 mfp at 30 degreeswith the NE213detector
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Figure6.35: Experiment34: Fe 2.9 mfp at 120degreeswith the NE213detector
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Figure6.36: Experiment35: Fe4.8 mfp at 30 degreeswith the NE213detector
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Figure6.37: Experiment36: Fe4.8 mfp at 120degreeswith the NE213detector
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Figure6.38: Experiment37: Pb 1.4 mfp at 30 degreeswith the NE213detector
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Figure6.39: Experiment38: Pb1.4mfp at 120degreeswith the NE213detector
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Figure6.40: Experiment39: H,O 1.1 mfp at 30 degreeswith the Pilot B detector
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Figure6.41: Experimen#d0: H,O 1.9 mfp at 30 degreeswith the Pilot B detector
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Figure6.42: Experimen#d1: H,O 1.9 mfp at 120degreeswith the NE213detector
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Figure6.43: Experimen#d2: D,O 1.2mfp at 30 degreeswith the Pilot B detector
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Figure6.44: Experimen#d3: D,0O 2.1 mfp at 30 degreeswith the Pilot B detector
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Figure6.45: Experimen#d4: Polyetlylene0.7 mfp at 30 degreeswith the Pilot B detector
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Figure6.53: Experiment4: Concrete3.8 mfp at 120degreeswith the NE213detector
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6.3.4 Conclusions

6.4 General Conclusions

123



Appendix A

Updatesto NJOY

*ident  updigl
*/ Increase the number of significant digits in unresr and purr
* for the purpose of testing the probability tables.
*d unresr.202
if  (iprint.eq.1) write(nsyso,'(1x,1p,8e14.6))
*d purr.1797
& 15x,"total",7x,"elastic",7x,"fission",7x,

*d upd2.12
if  (iprint.gt.0) write(nsyso,'(i6,1p,4€14.6)")
*d purr.2256,2258
& " bkgd",1p,4e14.6/" infd",1p,4e14.6/
& " aver'lpdeld.6l pcsd”,0p,4f14.2/
& " nres"il4))
*d purr.2265,2266
& 9x,"temp",6x,"sig0",6x,"p0 total", 7x,

& elastic",7x,"fission", 7x,"capture”,6x,
*d purr.2280
write(nsyso,'(3x,1p,2e10.3,5e14.6)")

*d up84.121

& ‘(" tmax",1p,el11.3,1p,10e14.6/(16x,10e14.6)))
*d up84.124

& ‘(" prob",1p,e11.3,1p,10e14.6/(16x,10e14.6))")
*d up84.127

write(nsyso,'(1x,a,1x,1p,e11.3,10e14.6/(16x,10e14.6))")

*d purr.2338,2339

& 9x,"temp",6x,"sig0",6x,"p0 total", 7x,"elastic",

& 7x,"fission", 7x,"capture”,6x,"pl total")")
*d purr.2372

write(nsyso,'(3x,1p,2e10.3,5e14.6)")

*ident  updig2
* Pu239 of JEF 2.2 has a problem in purr (not enough scratch space)
* upl04 fixes this (by increasing it to 12000), but to be sure we
* increase if to 50000
*d upl04.5

maxscr=50000
*ident  updig3
*/ updates up92 and up99 are the same so one of them may be removed
*d up92.6
*d up92.8
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Appendix B

Contentsof ALEPH-LIB
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