
OPEN REPORT
SCK � CEN-BLG-1002Rev. 0

ALEPH-DLG 1.1.0
CreatingCrossSectionLibraries
for MCNP(X) and ALEPH

Wim Haeck
BernardVerboomen

DRAFT February, 2006

SCK� CEN
Boeretang200
2400Mol
Belgium



OPEN REPORT OF THE BELGIAN NUCLEAR RESEARCH CENTRE
SCK � CEN-BLG-1002Rev. 0

ALEPH-DLG 1.1.0
CreatingCrossSectionLibraries
for MCNP(X) and ALEPH

Wim Haeck
BernardVerboomen

DRAFT February, 2006
Status:Unclassi�ed
ISSN1379-2407

SCK� CEN
Boeretang200
2400Mol
Belgium



c
 SCK� CEN
BelgianNuclearResearchCentre
Boeretang200
2400Mol
Belgium

Phone+3214332111
Fax +3214315021

http://www.sckcen.be

Contact:
KnowledgeCentre
library@sckcen.be

RESTRICTED

All propertyrightsandcopyright arereserved.Any communicationor reproductionof thisdocument,andany

communicationor useof its contentwithoutexplicit authorizationis prohibited.Any infringementto this rule is

illegal andentitlesto claimdamagesfrom theinfringer, withoutprejudiceto any otherright in caseof grantinga

patentor registrationin the�eld of intellectualproperty.

SCK� CEN,StudiecentrumvoorKernenergie/Centred'Etudedel'EnergieNucléaire

StichtingvanOpenbaarNut - Fondationd'Utilité Publique- Foundationof PublicUtility

RegisteredOf�ce: AvenueHerrmannDebroux40 - B-1160Brussel

OperationalOf�ce Boeretang200,2400Mol, Belgium



Contents

I CreatingCrossSectionLibraries 6

1 Intr oduction 7

2 NJOY ProcessingPath and Options 9
2.1 NJOY Version99.112. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.2 NJOY ProcessingandPost-Processing. . . . . . . . . . . . . . . . . . . . . . 9
2.3 Input for MODER1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.4 Input for RECONR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.5 Input for BROADR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.6 Input for MODER2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.7 Input for UNRESR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.8 Input for HEATR 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.9 Input for HEATR 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.10 Input for THERMR1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.11 Input for GASPR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.12 Input for PURR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.13 Input for ACER1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
2.14 Input for ACER2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.15 Input for ACER3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

3 Library QA - Verifying Corr ectProcessing 20
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
3.2 NJOY OutputProcessing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3.2.1 CommonNJOY Warnings . . . . . . . . . . . . . . . . . . . . . . . . 21
3.2.2 CommonNJOY Errors . . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.2.3 ResonanceReconstruction. . . . . . . . . . . . . . . . . . . . . . . . 26
3.2.4 UnresolvedProbabilityTables . . . . . . . . . . . . . . . . . . . . . . 27
3.2.5 ACEConsistency Check . . . . . . . . . . . . . . . . . . . . . . . . . 29

4 ALEPH-DLG (Data Library Generator) 31
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
4.2 RunningALEPH-DLG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
4.3 TheALEPH-DLG InputFile . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

4.3.1 Library Title - TIT keyword . . . . . . . . . . . . . . . . . . . . . . . 32
4.3.2 Library ReconstructionTemperature- TMP keyword . . . . . . . . . . 33
4.3.3 Library Datapath- DAT keyword . . . . . . . . . . . . . . . . . . . . 33
4.3.4 Library UnresolvedResonanceProbabilityTable- UPTkeyword . . . 33

4



4.3.5 Library ReconstructionTolerance- TOL keyword . . . . . . . . . . . . 34
4.3.6 Library Type- TYP keyword . . . . . . . . . . . . . . . . . . . . . . . 34
4.3.7 Library Numbers- LIB keyword . . . . . . . . . . . . . . . . . . . . . 35
4.3.8 NJOY Executable- NJOY keyword . . . . . . . . . . . . . . . . . . . 35
4.3.9 SpecifyingMaterials- MAT keyword . . . . . . . . . . . . . . . . . . 36
4.3.10 Input�le Comment- C and$ keywords . . . . . . . . . . . . . . . . . 36
4.3.11 Output- OUT keyword . . . . . . . . . . . . . . . . . . . . . . . . . . 36
4.3.12 EndALEPH-DLG Input - END keyword . . . . . . . . . . . . . . . . 36

4.4 TheALEPH-DLG OutputFile . . . . . . . . . . . . . . . . . . . . . . . . . . 37

II A Validated CrossSectionLibrary for MCNP(X) and ALEPH 45

5 Library Overview 46
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
5.2 JEF2.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
5.3 JEFF3.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
5.4 JEFF3.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
5.5 JENDL3.3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
5.6 ENDF/B-VI.8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

6 Library QA - Validation 49
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
6.2 Criticality Benchmarks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

6.2.1 A Suiteof Criticality Benchmarksfor ValidatingNuclearData . . . . . 49
6.2.2 BenchmarkResults. . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
6.2.3 Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

6.3 LawrenceLivermorePulsedSphereBenchmark. . . . . . . . . . . . . . . . . 60
6.3.1 ExperimentalSetup. . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
6.3.2 MCNPX Calculations . . . . . . . . . . . . . . . . . . . . . . . . . . 61
6.3.3 BenchmarkResultsandDiscussion . . . . . . . . . . . . . . . . . . . 66
6.3.4 Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

6.4 GeneralConclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

A Updatesto NJOY 124

B Contentsof ALEPH-LIB 125

5



Part I

CreatingCrossSectionLibraries

6



Chapter 1

Intr oduction

A setof library �les canbeconsideredto beavalidatedapplicationlibrary whenthefollowing
requirementsaremet[1]:

1. thelibrary processinghasbeenveri�ed

2. thelibrary �les havebeenvalidated

3. everyaspectin their creationhasbeendocumented

Theveri�cation process(point1) ensuresthatnoproblemswereencounteredduringprocessing
(dueto faulty data,badformatting,. . . ) andthat corrective actionsaretaken or a warningis
issuedif aproblemwasfound.Theveri�cation processstartsevenbeforethe�rst library �le is
producedwith theselectionof theNJOY ??processingpathandall relevantparameters.Point
3 (documenteverything)is closelylinkedto thispartof theveri�cation process.
The library is producedfor usewith MCNP or MCNPX [3, 4] so it mustbevalidatedfor use
with MCNP(X) to ensurethat it givesaccurateandreliableresults(point 2). This canbedone
by testingthe library againstinternationallyacceptedbenchmarks.And again, this partmust
bewell documented.
Documentingeveryaspectin thecreationof thelibrary is importantfor futurereference(point
3). A datapreprocessingcode(in our caseNJOY) shouldnever beconsideredasa blackbox.
With the documentation,a usershouldbe capableof producingexactly the samelibrary and
understandeveryaspectof its creation.
ALEPH-DLG(DataLibraryGenerator)isanauxiliarycomputercodetoALEPH[5], theMonte
Carloburn-upcodeunderdevelopmentat SCK� CEN in collaborationwith Ghentuniversity.
TheMonteCarlocode(any versionof MCNPor MCNPX) andtheburn-upcode(ORIGEN2.2)
thatareinsideALEPH havedifferentdemandsonnucleardata.TheMonteCarlocoderequires
speci�c data(beingmicroscopiccrosssections,angulardistributions,energy spectra,. . . ) for
every nuclideusedin thetransportsimulation.ORIGENon theotherhandneedsmicroscopic
crosssectionsfor (n,g), (n,2n), (n,3n), (n,a ), (n,p) and �ssion reactions- andthis for every
nuclidein thetransmutationchains.ALEPH-DLG 1.0.0providesthis datausingNJOY 99.90
so that the MCNP(X) usesthe samecrosssectionsfor transportasORIGEN will usefor the
evolutioncalculation.
ALEPH-DLG automatesthe entire processof generatinglibrary �les with NJOY and takes
careof the �rst requirementof a validatedapplicationlibrary: verify the processing.It pro-
ducestailor madeNJOY input �les usingdatafrom theoriginal ENDF [6] �le (suchasinitial
temperature,the fact if thenuclideis �ssile or if it hasunresolvedresonances,. . . ) Whenthe
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library �les havebeengenerated,ALEPH-DLG will alsoprocesstheoutputfrom NJOY. It will
extractall messagesandwarningsfrom NJOY andprint outashortexplanationof themessage
in question,it will testtheunresolvedresonanceprobabilitytables(to seeif thereareany neg-
ative crosssections,. . . ), . . . If ALEPH-DLG �nds anything out of theordinary, it will warn
theuseror performcorrectiveactions.
To correctlycalculatethedistribution of �ssion products,ORIGENalsorequiresdirect�ssion
yield dataassociatedwith 8 primary actinides(232Th, 233U, 235U, 238U, 239Pu, 241Pu, 245Cm
and252Cf). For the(n,g) and(n,2n)reactionwe alsoneedbranchingratiostowardstheground
stateandthe �rst metastablestate.And �nally , we alsorequireaccuratedecaydatafor every
nuclideconsidered.Futureversionsof ALEPH-DLG will includethis datain thedata�les for
ALEPH.
ALEPH-LIB is the nameof the multi-temperaturelibrary that we areproviding for standard
useby MCNP(X) andALEPH. The temperaturesincludedin this library are300, 600, 900,
1200,1500and1800K. Library �les wereproducedusingthe JEF2.2, JEFF3.0, JEFF3.1,
JENDL 3.3andENDF/B-VI.8 nucleardataevaluations.This will beextendedwith ENDF/B-
VII whenit becomesavailable.Thelibrary (at300K) hasbeenvalidatedonasuiteof criticality
benchmarksandon a seriesof pulsedspherebenchmarksto show thatthelibrary will produce
accurateandreliableresults.And sowehave ful�lled thesecondrequirement.
Thelastrequirementis metwith this report.It providesthoroughdocumentationon theNJOY
processingpath,thelibrary veri�cation processandtheinput instructionsfor theALEPH-DLG
code.Thiscanbefoundin partI of this report(CreatingValidatedApplicationLibraries).Part
II of this reportconcernsALEPH-LIB anddocumentsits contentandvalidation.
Anotheraspectthatis importantis maintenanceandsupportfor thelibrary. For now, thelibrary
is limited to continuousenergy neutronlibrariesandS(a ;b) data�les. Protondataanddatafor
otherchargedparticleswill beaddedin thefuture.Questionsandcommentson this reportand
thelibrary maybesentto Wim HaeckandBernardVerboomen(aleph@sckcen.be).A website
hasalsobeencreatedto keepusersinformedon the statusof ALEPH-LIB andotherrelated
subjects(www.sckcen.be/aleph).

8



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 97but themaingoalof NJOY 99wasto incorporate
cleanlya largenumberof changesneededfor high-energy data(for instancetheLA150 library
[9] with dataup to 150 MeV), outgoingand incident charged particlesand the new photo
nucleardataformatof MCNP4C[10]. NJOY 2005is currentlyunderdevelopmentat LANL
but it is unclearwhenthisnew versionof NJOY will becomeavailable[11].
For useunderWindows andLinux, we compiledthecodeusingtheLahey Fortran95compiler
lf95 (for bothoperatingsystems).A few minormodi�cations1 weremadeto improvetheoutput
of thecode:

� theoutputfrom theunresrandpurrmoduleshasbeenchangedsothat6 signi�cant digits
areprintedinsteadof 3 (unresr)or 4 (purr)becauseweusethosenumbersfor QA testing.

� the variablemaxscrwas increasedfrom 10000to 50000in the purr moduleto correct
an error ('not enoughscratchspace')that occurredduring the processingof 239Puof
theJEF2.2 library, this hasbeen�x ed in NJOY 99.112but we decidedto increaseit to
50000insteadof 12000(just in case).

� theline 'zero=0' wasaddedto thereconrsubroutinesrdf2aaandrdf2hy to correctanlf95
compilerwarning('zero is usedbut neverset')bothin NJOY updatesup92andup99,one
of themis not required.

Theseupdateshave beenaddedto theupdate�le up112(usedto producethesourcecodefor
NJOY version99.112)andthe �le uplf95 for the Lahey Fortran95speci�c updates(seeap-
pendixA). Boththe�le up112anduplf95canbefoundontheLosAlamoswebsitet2.lanl.gov.

2.2 NJOY Processingand Post-Processing

NJOY is amodularprogramin whichthedifferentmodulesarecalledin sequence.Information
is passedfrom moduleto modulethroughthe useof ENDF �les. It is the NJOY module
that regulatesthis data�o w. It shouldbe notedthat datapassedon in this way hasall of the

1For NJOY 99.90[7] we alsohadto make somemodi�cations to solve memoryproblemsandto �x compiler
errorsandwarnings.All thosethingshave now been�x edin NJOY 99.112.
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limitationsof theENDF format. An examplebeingtheuseof only 6 signi�cant digits which
cancauseNJOY warningsdueto round-off whenpassingdatafrom onemoduleto another(see
section3.2.1).
The NJOY processingpathalsodependson the type of library to be created.A continuous
energy neutronlibrary (c-type library) is createdby using the following sequenceof NJOY
modules:

MODER 1 The�rst call to moderis usedto convert theraw ENDF �le into anNJOY binary
�le (binary�les reducethecalculationtimesigni�cantly).

RECONR The reconrmodulereadsthe dataon the ENDF tape(resonanceparametersand
crosssections),generatespoint-wiseenergy-dependentcrosssectionsandputsall cross
sectionson thesameunionizedenergy grid.

BROADR ThebroadrmoduleperformsDopplerbroadeningto thespeci�ed temperatureand
thinstheresultingcrosssection.

MODER 2 Thesecondcall to moderis usedto convert theNJOY binary �le into a readable
ASCII �le for usein ALEPH.

UNRESR Theunresrmodulecomputeseffectiveself-shieldingpoint-wisecrosssectionin the
unresolvedenergy range.

HEATR 1 The�rst heatrrun generatespoint wiseheatproductioncrosssections(alsocalled
kermafactors)andradiationdamagecrosssections.

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

THERMR 1 Thethermrmodulewill generatethecrosssectionsfor freescatterersin thether-
malenergy range.

GASPR Thegasprmodulewill addgasproductionreactionsto thelibrary.

PURR The purr modulewill calculatethe unresolved resonanceprobability tablesusedin
MCNP(X).

ACER 1 This acerrun will convert the previously generateddatainto a c-typeACE �le for
usein MCNP(X).

ACER 2 ThesecondacerrunreadstheACE�le obtainedfrom thepreviousacerrun,performs
thestandardconsistency checksandproducesthe�nal ACE�le (eitherASCII or binary).
If problemsoccur, it will attemptto correctthem.

A c-type neutronlibrary is usedfor performingtransportcalculationsand hasthereforeto
adhereto speci�c rules.For instance,elasticscattering(mt2)mustbepresentin theraw ENDF
�le. Whenan ENDF �le doesn't meettheserequirements,it cannotbe usedas a transport
library. It canhowever be processedasa dosimetrylibrary (a y-type library), which canbe
usedin MCNP(X) tallies for thecalculationof reactionrates,. . . Sucha library is produced
usingthefollowing sequenceof NJOY modules:

MODER 1 Thismoderrun is thesameasabove.
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RECONR This reconrrun is thesameasabove.

BROADR Thisbroadrrun is thesameasabove.

ACER 3 Thethird acerrunwill convert thedatainto ay-typeACE �le for usein MCNP(X).

Detailson the input parametersfor every modulewill follow. It is advisableto readthe input
speci�cationsof thedifferentmodulesof NJOY in theNJOY manuals[2, 8] beforereadingthe
partabouttheinputparametersthatwehaveused.
NJOY is still evolving asmorefeaturesarebeingadded(someNJOY errorsandwarningmes-
sagesarelinked to this). Until a few yearsago,post-processingof the librarieswasstill nec-
essaryto addessentialfeaturessuchasdelayedneutrondata(which is now handledby acer
asof NJOY version99.63[8], datedOctober15,2001),chargedparticleemission(handledby
gaspr, anadditionto NJOY 94.15,datedNovember28, 1995),theadditionof theprobability
tablesfor the unresolved resonancesandthe gammaproductiondata(which is now handled
by acer). To preparethestandardMCNP libraries(suchasENDF60[12] andENDF66[13])
LANL hashadto usespecialpost-processingcodesto addsomeof thepreviousfeaturesto the
�nal ACEtape.Post-processingis alsorequiredin thecaseof errorsin the�les. Thefollowing
two problemsfor instancerequiredpost-processingfor ENDF66:

� Theheatingnumbersin theprobabilitytablefor theunresolvedenergy rangeappearedto
beinconsistentwith whatMCNP(X) expects.This problemhashowever beencorrected
with NJOY version99.62[8] (datedSeptember28,2001)soit is no longernecessaryto
dealwith thisproblem.

� On someplatforms,it is possiblethatMCNP compiledin 32 bit modewill fail whenit
tries to readnumberssmallerthen1�10� 37. To correctthis problem,numberssmaller
then1�10� 37 arereplacedby 1�10� 35.

As we cansee,all reasonsfor post-processing(except for the last problem)have beendealt
with in someway by NJOY. As such,we feel thatour librarieswill requireno post-processing
exceptmaybefor thelastproblemif it manifestsitself.

2.3 Input for MODER 1

Themodermoduleis usedto convertENDF, PENDF(Point-wiseENDF)andGENDF(Group
ENDF) �les from the NJOY binarymodeto formatted(i.e. ASCII) modeandvice versa. In
this case,this moderrun convertstheraw ENDF �le mountedon anASCII tape<raw ENDF>
(which is a positive number)to binary modeon tape<binary ENDF>(which is a negative
number).
On oldersystems,theuseof binary�les allowedfor a signi�cant reductionin calculationtime
becausebinary�les canbereadfasterthanASCII �les. This is no longeranissuewith current
computertechnology. Thetransformationof ASCII to binaryis howeverstill includedbecause
it is a good test for the formatting of an ENDF �le. If thereis somethingwrong with the
formatting,thismoderrunwill signalit.
Theinput instructionsfor thismoderrunwouldbe:

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

Thereconrmodulereconstructsresonancecrosssectionsusingtheresonanceparameters(found
in �le 2 in the ENDF-format)and linearisescrosssectionsthat usenon-linearinterpolation
schemes(suchas lin-log, log-lin, log-log, . . . ). The result is a point-wiseENDF �le where
all crosssectionshave beenseton a unionisedenergy grid. Crosssectionsthat arethe sum
of othercrosssections,suchasthetotal crosssectionandthe total inelasticcrosssection,are
recalculatedas the sumof their constituentcrosssections.All the crosssectionsarerecon-
structedto within a userspeci�edaccuracy. This moduleis alwaysthe�rst to berun because
othermodules,suchasbroadr, requirelinearisedcrosssectionsand/oranunionisedgrid.
The input instructionsfor reconrconsistof 5 lines. The�rst line is usedto specifythebinary
input tape<binary ENDF>andthebinaryoutputtape<binary out> , only two tapesarere-
quired(othermoduleswill requiremoreinput andoutputtapes).Thesecondline containsthe
new label<label> (delimitedby singlequotes)for theENDF tape(the�rst line of theENDF
�le). Thethird line speci�estheENDFmaterialnumber<mat> alongwith thenumberof com-
mentlinesandthenumberof userde�ned energy grid points(bothof thesehave beensetto 0
aswedonot requirethesefeatures).
Thefourth line is themostimportantline asit controlstheaccuracy of thereconstruction.It is
usedto setthefollowing variables:

� <err> : thefractionalreconstructiontoleranceusedwhentheresonanceintegralcriterion
(<errint> ) is not satis�ed

� <tempr> : thereconstructiontemperature(whichisnormally0.0K, but thereexistENDF-
�les thatuse77.0K asinitial temperature)

� <errmax> : thefractionalreconstructiontoleranceusedwhentheresonanceintegral cri-
terion(<errint> ) is satis�ed(thedefault is 10*<err> )

� <errint> : themaximumallowedresonanceintegralerrorspeci�edin barns(thedefault
is <err>/20000 )

Thelinearisationprocessworksasfollows. First, thecrosssectionis lineariseduntil thecross
sectionat the midpoint betweentwo grid points is within a fraction <errmax> from the real
crosssection.If thecontribution of this interval to theerroron theresonanceintegral (with a
1=E weight):

Z s (E)
E

dE (2.4.1)

is smallerthanthemaximumresonanceintegral error<errint> , thanthecrosssectionis de-
claredconverged.If theresonanceintegralcriterionis notsatis�ed,<err> is used(areasonable
valuewouldbe0.001 ). This is doneto controlthesizeof the�le becausea lot of crosssection
pointsareaddeddueto resonances.To achievemaximumaccuracy, weset<errint> to asmall
number(for instance1e-12) ) and<errmax> equalto <err> sothattheentirecrosssectionis
linearisedusing<err> .
To generatethestandardMCNPlibrary ENDF66[13, 1], LANL simplyusedthedefaultvalues
for <errmax> and<errint> , asa compromisebetweenaccuracy andlibrary size. To usethe
defaults,weonly needto replacethefourth line with thefollowing line:

<err> /
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The�fth line is usedto terminatetheinput for thereconrmodule(if therewerecommentlines
or userspeci�edpoints,they wouldbeinsertedinto theinput instructionsbeforethis lastline).
Theinput instructionsfor reconrnow are:

reconr
<binary ENDF> <binary out>
<label>
<mat> 0 0
<err> <tempr> <err> 1.e-12
0 /

2.5 Input for BROADR

The broadrmoduleis usedto generateDoppler-broadenedcrosssectionsusinga point-wise
ENDF-�le. Thebasisfor thereconrmoduleis theSIGMA1 code(version77-1,dated1977),
whichis still partof thePREPRO codes[14] (underanevolvedform). To verify thecorrectness
of the crosssectionsgeneratedby NJOY, we canusePREPRO to Doppler-broadenthe same
crosssectionandcomparethem.
The input instructionsfor broadrare quite similar to thoseof reconr. The �rst line speci-
�es the input tapes(the binary ENDF tape<binary ENDF>andthe outputtapefrom reconr
<binary in> ) andtheoutput�le <binary out> for usein thefollowing NJOY module.
Thesecondline is usedto specifytheENDFmaterialnumber<mat> of thematerialthatneeds
to bebroadened.Thefollowing numberis usedto setthenumberof temperaturesto whichwe
wantto broadenthecrosssections.Becausewe will only broadento a singletemperatureat a
time,thishasbeensetto 1. Thefollowing numbersareonly importantwhenmultiple tempera-
turesareusedsothey havebeensetto 0. Thelastand�nal entryon this line is thetemperature
from which thebroadeningwill start,this is thesametemperature<tempb> thatweusedin the
reconrmodule.
The following line is practicallythesameasthe fourth line of reconrto specifytheaccuracy
of thebroadening.Theonly differenceis that thesecondentry is themaximumenergy above
whichnobroadeningwill beperformed.Thisvalueis setto 1e+6 eV by default. To beconsis-
tentwith reconr, all theotherentrieson this line arethesameastheentriesof reconr.
As wasthecasewith reconr, LANL simply usedthedefault valuesto generateENDF66asa
compromisebetweenaccuracy andlibrary size. To usethe defaults,we only needto replace
thethird line with thefollowing line:

<err> /

Thefourth line speci�esthetemperature<tempb> to whichwewill broaden.Theinput instruc-
tionsfor broadrareterminatedafterthis line.
Theinput instructionsfor broadrnow are:

broadr
<binary ENDF> <binary in> <binary out>
<mat> 1 0 0 <tempr>
<err> 1e+6 <err> 1.e-12
<tempb>
0 /
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2.6 Input for MODER 2

This moderrun convertsthebinarytape<binary in> (which is a negative number)to ASCII
modeon tape<ALEPH tape> (which is a positive number).This lasttapecannow beusedfor
furtherveri�cation suchasplotting, . . .Theinput instructionsfor thismoderrunwouldbe:

moder
<binary in> <ALEPH tape>

2.7 Input for UNRESR

The unresrmoduleproducesself-shieldedcrosssectionsin the unresolved resonancerange.
For our purposesit is not necessaryto run this modulebecausethepurr modulewill dealwith
the unresolved resonancerangeusingprobability tables. However, aspart of the QA of the
library, someresultsfrom unresrarecomparedto purr (seesection3.2.4). This modulewill
only berun if thereareunresolvedresonancespresentin �le 2 of theENDF �le.
As usual,the �rst input line speci�es the input �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 temperatures(set to 1 aswe only calculateonetemperatureat a time) andthe numberof
s0 valuesusedin thecalculation(which hasbeensetto 9, seebelow on why we choose9 s 0
values).Thelastnumberon this line is theprint option.As we will requiresomeof theoutput
of unresrto verify thepurroutput,wesetthisoptionto 1 (maximumoutput).
Thethird line is usedto specifythetemperature<tempb> at which thecrosssectionsareto be
calculated.This temperatureis the temperatureto which thecrosssectionshave beenbroad-
ened.
Thefourth line is usedto specifythes 0 values.s0 representstheeffectsof all otherisotopes
in the mixture on the self-shieldingeffect of the �ux. The valueof 1e-10 is requiredasthis
representsin�nity . The unresolved resonancecrosssectionscorrespondingto s 0 = 1�10� 10

arethein�nite dilutedcrosssections.This valuefor s 0 is required.For our purposes,it is not
necessaryto specifyany morevaluesfor s 0 asthein�nite dilution crosssectionsaretheonly
onesthat we required[12, 13]. We decidedhowever to add8 mores 0 values: 1e+8 , 1e+6 ,
1e+4 , 1e+3 , 3e+2 , 1e+2 , 3e+1 and1e+1 . Thesevalueshave beenchosento re�ect thevalues
usedby LANL for theENDF60library with probabilitytables(althoughthedocumentationof
this library clearly statesthat thosemultiple valuesof s 0 arenot required[12]). The NJOY
manual[2] alsostatesthatthepoints1e+3 , 3e+2 and1e+2 areusefulfor U235(seepageV-13
of theNJOY91 manual).Thepoints1e+8 and1e+6 havebeenaddedto make thes 0 grid more
complete.Theinput for unresris terminatedafterthis line of s 0 values.
Theinput instructionsfor unresrnow are:

unresr
<binary ENDF> <binary in> <binary out>
<mat> 1 9 1
<tempb>
1e+10 1e+8 1e+6 1e+4 1e+3 3e+2 1e+2 3e+1 1e+1
0 /
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2.8 Input for HEATR 1

The heatrmodulewill addpoint-wiseheatingcrosssections(alsocalledkermafactors)and
radiationdamageenergy productionto theENDF-�le thatwe areprocessing.This �rst heatr
runwill addall therequiredreactionsfor acerandpurr.
The input startswith the line containingthe input and output �les: the binary ENDF tape
<binary ENDF>, theoutputtapefrom thepreviousmodule<binary in> ) andtheoutput�le
<binary out> for usein thenext NJOY module.
Thesecondline is usedto specifythematerial<mat> . It is followedby thenumberof partial
kerma's thathave to becalculatednext to thetotal kerma(mt301).Wewill require4 or 5 extra
kermafactors(dependingonthefactif thematerialis �ssile or not). Thenext numberspeci�es
thenumberof userQ-valuesthatwe wish to enter(which we setto 0). We wantto processall
temperatures(althoughwe only have onetemperaturein our library) so the fourth numberis
setto 0. Thefollowing optionis usedto eithertransportgammaraysor to deposittheir energy
locally. The default for this is to transportthe gammarays(we set this to 0). The printing
optionthatfollowshasbeensetto 0 for minimalprinting.
Thethird line containsthepartialkerma's thatwewantto calculate.Thesepartialkerma'sare:

� 302: theheatproductiondueto elasticscattering,this is requiredfor purr

� 318: the heatproductiondue to �ssion, this is requiredfor purr but needsonly to be
addedif thematerialis �ssile

� 402: theheatproductiondueto (n,g), this is requiredfor purr

� 442: this option is addedbecauseof a plannedmodi�cation to MCNP that will allow
theheatingvaluesto befor thelocal depositionof photonenergy whenusersdon't want
to do a completeneutron-photon-heatingcalculation(addedto NJOY version99.85[8],
datedFebruary25,2002)

� 444: thetotaldamageenergy production

For theconstructionof thestandardlibrary ENDF66[13, 1] LANL alsoaskedfor thefollowing
MTs:

� 303: theheatproductiondueto non-elasticreactions(all reactionsbut elasticscattering)

� 304: theheatproductiondueto inelasticscattering

� 443: thetotal kinematickerma(high limit)

As farasweknow, thesearenotrequired(the�nal ACE�nal will only containthetotalheating
anddamageenergy) sowedecidednot to addthem.
As such,theinput for this �rst heatrrun lookslike (for a �ssile material):

heatr
<binary ENDF> <binary in> <binary out>
<mat> 5 0 0 0 0
302 318 402 442 444 /

For a non-�ssile material,the5 on line 2 is replacedby 4 andthekerma318 is removedfrom
thelastline.
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2.9 Input for HEATR 2

This secondheatrrun is simply to checkif everythingis processedcorrectly. This typeof run
is alsoreferredto asthekinematiccheck(seetheNJOY91 manual[2] pageVI-18). Theinput
for thisheatrrunis quitesimilar to thatof thepreviousheatrrun. Theonly differenceis thatthe
printing option is setto 2 (maximumoutputwith checking)andthatwe now askfor 6 partial
kerma's for �ssile materialor 5 for a non-�ssile material.Theonly extra kermaaddedis 303.
The outputof this heatrrun is not usedfor anything andso we write it to a temporarytape
<binary scratch> . Theinput for thisheatrrunwill 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 a non-�ssile material,the6 on line 2 is replacedby 5 andthekerma318 is removedfrom
thelastline.

2.10 Input for THERMR 1

Thethermrmodulegeneratespointwiseneutronscatteringcrosssectionsin thethermalenergy
rangeandaddsthemto thelibrary. As wasthecasefor theunresrmodule,it is not requiredto
run this moduleto createanMCNP(X) library [12]. For thecreationof theENDF66libraries,
thermrwasn't evenused[13, 1]. We includeit herefor completeness.
As usual,the input begins with the input andoutput �les. The binary ENDF tape<binary
ENDF>andtheoutputtapefrom the�rst heatrrun<binary in> ) arereadin andthenew �le is
written to theoutput�le <binary out> for usein thenext NJOY module.
The secondinput line speci�es the materialto be readfrom the ENDF input tape<binary
ENDF>(whichwesetto 0) andthematerial<mat> to bereadfrom theinput tape<binary in> .
Next we have to selectthe numberof equi-probableangles(which we set to 16). The next
optionis 1 aswe only calculateonetemperature.Thenext two optionsareusedto specifythe
inelasticandelasticoption (iinc andicoh ). We choosethe freegas(iinc = 1) asinelastic
option andno option for the elasticoption (icoh = 0). We only have oneprincipal atomso
thenext numberis 1. The inelasticreactionwill bewritten to mt number221 (thespecialmt
numberfor free gas). For the outputoption we choosemaximumoutputwith intermediate
results(option2).
Thethird line is usedto specifythetemperature<tempb> andthefourth line is usedto setthe
tolerance(which we setto the tolerance<err> usedin broadrandreconr)andthemaximum
energy for thermaltreatment(wechoose5 eV).
Theinput for thismodulewill thereforebe:

thermr
<binary ENDF> <binary in> <binary out>
0 <mat> 16 1 1 0 1 221 2
<tempb>
<err> 5
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2.11 Input for GASPR

Thegasprmoduleaddschargedparticleproduction(alsocalledgasproduction).Themodule
takesany crosssectionsof reactionsin whichsecondaryparticlessuchasprotons,a -particles,
. . . areproducedandaddstheparticleproductionfrom thosecrosssectionsto thelibrary.
The input for this moduleis quitesimple,just thestandardline of input andoutput�les: the
binaryENDFtape<binary ENDF>andtheoutputtapefrom thethermrmodule<binary in> )
asinputand<binary out> asoutputfor usein thenext NJOY module.
Theinput for gasprwill thereforebe:

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

2.12 Input for PURR

The purr modulewill preparethe probability tablesfor the treatmentof the unresolved reso-
nanceself-shieldingin MCNP(X). Unresolved resonanceself-shieldingis alreadytreatedby
the unresrmoduleusing the Bondarenko-method(also called the backgroundcrosssection
method).This methodis however not very usefulfor continuousenergy Monte Carlo codes.
The probability table is a morenaturalapproachto the effect of unresolved resonanceself-
shieldingin MonteCarlocodes.Whennounresolvedresonancesarepresent,it is notnecessary
to run thismoduleasnoprobabilitytableswill beproduced.
This modulewill constructa seriesof resonanceladdersthatobey thestatisticaldistributions
given in �le 2 of theENDF �le. Eachof thoseladderswill besampledrandomlyto produce
contributionsto aprobabilitytable.As aconvergencetest,asetof Bondarenko valuesis calcu-
latedat thesametimeandanothersetis calculatedusingthecompletedprobabilitytable.
Theinput for purr is quitesimilar to thatof theunresrmodule(asbothmodulesserve thesame
purpose).Again, the �rst line arethe input (the binary ENDF tape<binary ENDF>andthe
outputtapefrom thegasprmodule<binary in> ) andoutput�les (<binary out> ).
Thesecondline hasthesamenumbersasthesecondline from unresr:thematerial<mat> , the
numberof temperatures(1) andthenumberof s 0 values(9). Thefollowing two valuesarethe
numberof probabilitybinsandthenumberof resonanceladdersthatwill beusedto calculate
theprobability table. We have setthenumberof probabilitybins to 20, asis thecasefor the
standardENDF60 [12] andENDF66 [13, 1] libraries. For mostpracticalapplications,it is
acceptedthata tablewith 10binswill besuf�cient [15], soourchoiceof 20binsis acceptable.
For theconstructionof ENDF60andENDF66libraries,LANL used32 resonanceladdersbut
apparentlythis wasnot enoughfor certainisotopes(suchasU235, U236 andPu239). The
numberof resonanceladderswasraisedto 64for thoseisotopes.Testshavealsoshown thatthe
probabilitytableschangeaccordingto thenumberof resonanceladdersused.Wehavetherefore
chosento use64 resonanceladdersby default for every isotope.Thefollowing numberis the
printing optionwhich we setto 1 (maximumoutput,we will needtheresultfor theQA of the
library). Thelastnumberallows usto setthenumberof energy pointsdesired.This hasbeen
setto thedefault value(0, calculateall points).
The third andfourth line arethesameasthe lines for unresr:the temperature<thermb> and
thes0 values.Thepurr input is therefore:

purr
<binary ENDF> <binary in> <binary out>
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<mat> 1 9 20 64 1 0
<tempb>
1e+10 1e+8 1e+6 1e+4 1e+3 3e+2 1e+2 3e+1 1e+1

2.13 Input for ACER 1

The acermoduleprepareslibraries in the ACE format (A CompactEndf) for the MCNP(X)
continuous-energy MonteCarlocode. TheACE formatcontainsall thedetailsof thenormal
ENDF format but the representationof the data is different for the sake of ef�ciency. All
crosssectionssharea unionisedenergy grid. Crosssectionfor reactionsthat arethe sumof
others(suchasthetotal crosssectionor thetotal inelasticcrosssection)areremovedandwill
notbeaddedto thelibrary (they will bereconstructedwhennecessaryby MCNP(X)). Angular
distributionsareconvertedinto 32equi-probabilitybinsor cumulativeprobabilitydistributions.
Detailedphotondatawill be generateddirectly from �les 12, 13, 14, 15 and16 if they were
presentin theENDF�le. Chargedparticleproductioncrosssectionsarealsoaddedto theACE
�le.
This �rst acerrunwill convert thepreviouslycalculatedpoint-wiseENDF�le alongwith other
datafromtheoriginalENDF�le intoanACE�le. Thesecondacerrunwill performconsistency
checksof thisACE �le andcorrecttheproblemsif possible.
The �rst line of the acerinput speci�es the input andoutput �les. Therearenormally three
input �les. The �rst is the original ENDF �le <binary ENDF>. The second�le 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 theoriginal ENDF �le (if theoption<iopp> on line 5 is set
to 1, which is thedefault value).This input tapehasthereforebeensetto 0. After thesethree
input �les, weneedto specifytwo output�les: thenew ACE�le <ACE tape> anda �le for the
new xsdir entry. TheACE �le will however becheckedby thesecondacerrun andthexsdir
entry for the library will begeneratedby that run. The �fth entryon the �rst line is therefore
setto <scratch> , a temporary�le.
The secondinput line setsthe basiccharacteristicsof the library. The �rst number(often
referredto as iopt ) setsthe type of library. We want a fastdatalibrary so iopt is set to 1.
Thesecondentrydeterminestheoutputfrom themodule.No outputis requiredfrom this run
(comprehensiveoutputwill begeneratedby thesecondrun)sothefollowing numberis 0. The
following two numbersaretheACE�le type<ntype> (whichwehavesetto 1 for ASCII tapes)
andthelibrary suf�x <suff> (speci�edby theuser).Becausewedonotwantto readany extra
pairsof iz andaw, thelastnumberon this line is 0.
Thethird line is simplya label<label> for thelibrary. Thefourth line setsthematerial<mat>
andthetemperature<tempb> of thelibrary. The�fth line is usedto addcertainoptionsto the
ACE �le. The�rst is theuseof thenew format for MCNP4C-typelibrariesandthesecondis
whetheror not to includedetailedphotondata(the<iopp> optionmentionedearlier).Bothare
1 by default. The last input line is usedto specifyif we want to thin thecrosssections(using
thedefaultswill not thin any crosssection,whichwewill use).Theinput for thisacerrunwill
be:

acer
<binary ENDF> <binary in> 0 <ACE tape> <binary scratch>
1 0 1 <suff> 0
<label>
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<mat> <tempb>
1 1
\

2.14 Input for ACER 2

As mentionedbefore,thisacerrunwill performanumberof consistency testson theproduced
ACE�le andtry to correctany problemsthatmightsurface.Thisrunwill alsoproducetheACE
�le in the format requestedby the user(eitheran ASCII �le of binary �le). Pleasenotethat
binary �les generatedby NJOY canonly be usedon the systemon which they werecreated.
Theinput for thisacerrun is quitesimilar to thatof thepreviousrun.
The �rst input �le hasbeensetto 0 aswe will not beneedingit. Thesecondinput �le is the
ACE �le <ACE tape> producedin thepreviousrun. WhenperformingACE consistency runs,
the third entryon this line is not usedfor an input �le but for anoutput�le <plot file> (a
positive numberbecauseit is anASCII �le) containingplot instructionsfor viewr and/orplotr.
Thelast two �les will bethe�nal ACE �le <final ACE>andthe�le <xsdir> containingthe
xsdir line for thelibrary.
To performtheACE consistency check,<iopt> (the �rst entryon line 2) will besetto 7 for
ASCII ACE �les. Theprint control is setto maximum(1). The type<ntype> of ACE �le is
either1 for anASCII �le or 2 for thebinary�le (speci�edby theuser).Thenext numberis -1
to specifythatwedonotwantto changeany materialsin thelibrary. This line is thenfollowed
by thelabel<label> . Sotheinput for thisacerconsistency runwill be:

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

2.15 Input for ACER 3

This acerrun will convert a previously calculatedpoint-wiseENDF �le alongwith otherdata
from theoriginal ENDF �le into a y-typeACE �le. This acerrun is very similar to theoneof
ACER1. Theonly differenceis that iopt is setto 3 for a dosimetrylibrary andthat the last
two input lines(concerningphotonsandthinningoptions)areomitted:

acer
<binary ENDF> <binary in> 0 <ACE tape> <binary scratch>
3 0 1 <suff> 0
<label>
<mat> <tempb>
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Chapter 3

Library QA - Verifying Corr ectProcessing

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
necessarydatais available,thesecondacerrunperformsACEconsistency checksandcorrects
problemsif any arefound,. . . We canhowever not rely on NJOY alone.Soin additionto the
internalNJOY processingQA, wehave to performthefollowing stepsaswell:

� Checkthe NJOY output to analyzewarningmessagesand errors,to verify resonance
reconstructionerrors,to verify thecorrectprocessingof theunresolvedresonanceprob-
ability table,andto processtheresultsfrom theacerconsistency check.

� Checkcrosssectionplotsto �nd anomalies.

� MCNP(X) testingto seeif MCNP(X) acceptstheACE �le.

During thepreparationof theENDF60[12, 16] andENDF66[1, 13] standardlibraries,LANL
alsotested(andcorrected)thelibrary �les usingspecialpurposecheckingcodes:

� CHECKTHRESH:this codeperformsreactionthresholdprocessingto comparethresh-
old energieswith kinematicthresholdsfor negativeQ-valuereactions.

� CHECKND_NEUT: this checksthesecondaryneutrondistributionsusinglaw 4 and44.
It veri�es thattheinterpolationschemesareused(1 or 2), it identi�es any negativeprob-
ability densityfunctions(or PDF)valuesandit checksif neutronscanbeproducedwith
anenergy greaterthantheinitial energy (including�ssion). In thecaseof negative PDF,
thenegativevaluesaresetto zeroandthedistributionis renormalized.It alsocorrectsthe
secondaryneutrondistributions(exceptfor �ssion) for energiesgreaterthantheincident
neutronenergy.

� CHECKND: thischecksthesecondaryphotondistributionsusinglaw 4 and44.

� CHECK5: this checksdata�les usingthemt5 reactionwhich is usedto combinemany
reactionsinto onesinglereactionathighincidentneutronenergies(typically � 20MeV).

� CHECK_URES[12]: this checksthe properprocessingof the unresolved resonance
probabilitytables.
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Noneof thesecodesareavailableto usbut someof themhavealreadybeenaddedto theinternal
NJOY testing.All correctionsandtestsof CHECKTHRESHarenow performedby default by
thereconrmodule,seesection3.2.1.Thetasksof CHECKND_NEUTandCHECKNDarenow
performedby aceritself (seesection3.2.1)or during the acerconsistency check(seesection
3.2.5). Only theCHECK_URESandCHECK5testshave not (yet) beenadded.Becausethe
unresolvedprobabilitytablesareavery importantpartof thelibrary, wewill provide testingof
ourown to ensurecorrectprocessing(seesection3.2.4).

3.2 NJOY Output Processing

3.2.1 CommonNJOY Warnings

Whenever NJOY encountersan abnormalsituationit will issuea warningmessage.In some
cases,NJOY will take stepsto correctthe problem. All thesemessageshave to be collected
andunderstoodbeforethe producedlibrary �les canbe approved. The following is a list of
messagesthatcanbeencountered:

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

Whenreconrgoesthroughthereactionsgivenin theENDFevaluation,it alsochecksthe
thresholdenergy Eth againsttheQ-valueandtheratioAWR(theratiobetweentheatomic
weightandtheneutronmass)foundin theENDF �le. If thecondition

Eth �
AWR+ 1

AWR
Q (3.2.1)

is not satis�ed,thethresholdenergy is changedandreconrwill issuethiswarning.

Initially, NJOY only gave this warningif thechangeis greaterthan0.1%but it appears
that NJOY 99.90will issuethe warningregardlessof the changeso the majority of all
warningsencounteredwill be this one. This warning can be ignored(or a corrected
evaluationshouldbeused).In thecaseof 233Pafrom ENDF6.8,31Pand90Zr from JEFF
3.0 and9Be and31P from JEFF3.1, this canalsoleadto a warningin acer(seebelow)
dueto roundingerrors.

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

The reconrmodulefounda nonpositive elasticcrosssectionandsetit a very small but
positivevalue.Thiscanoccurduetoanumberof reasons(seethehandbookontheENDF
format [6], p 2.34to 2.36). This canoccurwhenSingleLevel Breit Wigner(SLBW) is
usedto representtheresonanceparametersin �le 2of theENDF�le. In olderevaluations,
thenegative crosssectionis mostlikely causedby this formalism. Althoughtheuseof
SLBW is discouraged(andit is thereforeno longerusedin newer evaluations)in favour
of formalismssuchasMulti-Level Bright Wigner(MLBW), R-matrix,Reich-Mooreand
R-functionformalismsit is still possibleto havenegativescatteringcrosssections.

For now, thebestthing to do is to look at thecrosssectionitself to seehow “bad” it is or
to useanotherevaluationwithout thisproblem.

� ---message from lunion---xsec nonzero at threshold for mt=...

The initial valueof a thresholdreactioncrosssectionis differentfrom zero. NJOY has
correctedthis by usinga jump in the crosssectionat the thresholdenergy. Becauseof
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this correction,acerandMCNP(X) will however give a warningconcerningcoincident
energy points(seebelow). Thismessagecanbeignored,but theevaluationshouldmaybe
becorrectedaswell.

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

Thematerialor the temperaturespeci�ed arenot presentin the input ENDF �le. In the
caseof ALEPH-DLG, this errorshouldnot occurasevery nuclidehasa seperate�le in
the evaluatednucleardatadistributedalongwith the code. The materialnumberitself
andtheinitial temperaturearereadfrom the�le itself.

Thethermrmoduleis alsoknown to issuethis errorwhenpreparingS(a ,b) tableswhen
the temperatureasked by the useris too different from the temperaturesat which the
S(a ,b) tablesaregivenin theENDF �le.

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

Apparently, the evaluationfor this nuclideis incompleteasit missesreactionsthat can
bebroadenedsuchasmt2 (elasticscattering),mt18(�ssion), mt102(n,g),. . . Nuclides
with this problemshouldnot beusedin a library asmostof the importantreactionsare
simplymissingfrom the�le. An exampleis 24Mg from ENDF-B6.8.

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

The input PENDFtapealreadycontainsan unresolved sectionin �le 2. This section
hasbeenremovedby NJOY. In thecaseof ALEPH-DLG, this errorshouldnot occuras
unresris alwaysrunafterbroadr(if resonanceparametersarepresent),seesection2.2.

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

This messageis issuedby unresr(similar messagesare issuedby purr as well) if the
inputENDF�le hasnoresonanceparameterspresent(i.e. �le 2, mt151is empty).In the
caseof ALEPH-DLG, theseerrorsfrom unresrshouldnot occurbecausetheENDF �le
is checkedfor resonanceparameters(bothresolvedandunresolved)beforeNJOY is run.

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

Thesemessagesareissuedby unresrwhentheresolvedandunresolvedresonancerange
overlapand/orwhentheunresolvedresonancerangeoverlapsthesmoothcrosssection.
This typeof problemoccursmostlyfor elementalevaluations.NJOY will dealwith this
sothismessagecanbeignored.If theresolvedenergy rangeoverlapstheunresolveden-
ergy rangecompletely, NJOY will notproduceunresolvedresonanceprobabilitytables.

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

mt301is thetotalheatproductionandis calculatedby defaultsoit shouldnotbeincluded
in the partial kermasto be calculatedby heatr. In the caseof ALEPH-DLG, this error
shouldnotoccur(seesection2.8).

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

The ENDF �le containscrosssectionsin the mt600 to mt800 rangebut thesedo not
have correspondingentriesin �le 4 (angulardistributions)or �le 6 (energy-angledis-
tributions). In orderto continue,NJOY assumesan isotropicangulardistribution. This
messagecanbeignored,but theevaluationshouldmaybebecorrectedaswell.
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� ---message from hinit---mt18 is redundant

In the ENDF format, mt18 (total �ssion) is always the sumof mt19, mt20, mt21 and
mt38. If any of thesearepresent,heatrwill usethe spectraassociatedwith thesemt-
numbersandignorethespectrumof mt18. This is just an informative messageandcan
beignored.

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

As mentionedbefore,mt18 (total �ssion) is the sum of mt19, mt20, mt21 and mt38.
In someevaluations,thesepartial �ssion reactionsaregivenbut they have no spectrum
associatedwith them.heatrwill now assumethatthespectrumassociatedwith mt18has
to beusedinstead.This is justaninformative messageandcanbeignored.

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

Energy releasein �ssion for incidentneutrons(mt458)is missingfrom theENDF �le of
a �ssile nuclide.No partialcomponentsof the�ssion energy releasearegivenwhile they
arerequiredto calculatetheheating.This messagecanbe ignored,theonly solutionis
to useacorrectedevaluationwhich includesmt458.

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

Theenergy-angledistributionfor thespeci�edparticleis missingin �le 6. NJOY requires
energy distributions for all secondaryparticlesfrom a reactionto computethe energy
deposition.In this case,NJOY hasto make anassumptionandgenerateanapproximate
to the dataneeded.This messagecanbe ignored,but the evaluationshouldmaybebe
correctedaswell.

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

NJOY doesnot includeenergy from delayedemission(gammasandbetas)in theprompt
heating.The �ssion Q-valueis changedfrom thetotal valuegiven in �le 3 to a prompt
valueusing the delayedneutronenergy from mf1, mt458. This is just an informative
messageandcanbeignored.

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

TheENDF6formatallows anevaluatorto describea subsectionof �le 6 usingLAW=0
(no distribution given). This is �ne for particleyields for gasproduction,. . . but they
arenotadequatefor computingheatinganddamage.Thiscanbeignoredif nocorrected
evaluationis available. The JEF, JEFFandENDF/B evaluationsdo not appearto have
thiserror.

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

ENDF proceduresrequirethattwo-bodyreactionsbedescribedin theCM systembut in
older evaluations(andmostof the time for relatively heavy targets),it is possiblethat
the LAB systemis used. For thoseheavy targets,changingto CM will causeonly a
small change.In thesecases,this messagecanbe ignored. The JEF, JEFFandENDF
evaluationsdonotappearto have thiserror.

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

File 12 (multiplicities for photonproduction)is missingfrom theENDF �le. This is an
informative messageonly andcanbeignored.
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� ---message from purr---no heating found on pendf

The unresolved resonanceprobability tablesalso containheatingnumbersassociated
with theunresolvedresonances.It is thereforerequiredthatheatrberun beforepurr. In
thecaseof ALEPH-LDG, this errorshouldnot occurasheatris alwaysrun beforepurr
(seesection2.2).

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

Apartfrom thetotalheating(mt301),purrrequiresthepartialheatingfrom 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
occurasthesepartialkermasarecalculatedby default (seesection2.8).

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

Whena materialhasno resonanceparametersassociatedwith it, this messagewill be
issued.It canbeignored.This messageshouldnot occurin thecaseof ALEPH-DLG as
theprogramwill checkfor resonanceparametersbeforerunningNJOY.

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

Theentireresolvedenergy rangeseemsto overlaptheunresolvedenergy rangefor this
material.NJOY dealswith thisbut noprobabilitytableswill begeneratedby purrasthere
won't beany unresolvedresonanceparametersleft (they areremovedfrom the�le). This
canoccurfor elementalevaluationsandcanbeignored.

Anotherpossibility is that thematerialhasno unresolved resonancesandthatpurr was
run. In the caseof ALEPH-DLG, this shouldnot occur as ALEPH-DLG checksthe
ENDF �le for unresolvedresonances.

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

Thismessageis linkedwith thepreviousmessage.It is issuedby purrwhentheresolved
andunresolvedresonancerangeoverlap.Thistypeof problemoccursmostlyfor elemen-
tal evaluations.NJOY will dealwith this sothis messagecanbeignored.In thecaseof
ALEPH-DLG, thismessageshouldnotoccurasunresris runbeforepurr.

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

SomeJEF, EFF, andJEFFevaluationscontaina redundantreactionmt10 thatgivesthe
continuumneutronproduction. It is necessaryto excludethis reactionfrom the recon-
structedtotal crosssectionand to omit the associatedenergy-angledistribution. Oth-
erwise,the continuumneutronproductionwill be countedtwice (seeNJOY 99.18and
99.19[8], datedAugust3, 2000).

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

Secondaryparticleenergy and/orangledistributionscanberepresentedusinga in�nite
serialdecompositionin Legendrepolynomials.Becauseanin�nite seriesis notpractical,
it hasto becutoff atacertainorder(in theENDFformat,theupperlimit is 64). Because
the Legendrepolynomialsarenot necessarilypositive, this canintroducesareaswhere
theseriesleadsto negative values- which is physically impossible.An evaluationwith
thiserrorshouldbecorrected(for instanceby usingahigherordercut-off).
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This messageoccurswhentheacermodulehasfoundsucha negative probabilitydistri-
bution function (or PDF) value. To “solve” the problem,acerhassetthe valueto zero
andhasrenormalizedthedistributionbackto 1. TheCHECKTHRESHcodewasusedto
verify andcorrectthis for ENDF60andENDF66(beforeit wasaddedto NJOY).

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

Theptleg subroutineof theacermoduletranslatesENDFLegendreangulardistributions
into tabulatedform with equalprobabilitymintervals. In this routinethecosineinterval
m= -1 to 1 is dividedinto 1000intervalsandintegrated.Whentheintegralof theangular
distribution over suchaninterval is negative,we receive this message.This is causedby
the fact that theLegendrepolynomialseriescanleadto negative values(seetheptleg2
problemonnegativeprobabilities).O-16from ENDF/B-VI.8 (whichhasbeentakenover
to JEFF3.1) is known to have thisproblem.

� ---message from unionx---threshold error

This error is encounteredfor instancefor 233Pa from ENDF/B-VI.8, 31P and90Zr from
JEFF3.0and9Be and31P from JEFF3.1. This errornormallysurfaceswhenthereis an
inconsistency betweenthethresholdenergy of a reactionin theENDF �le andthevalue
calculatedby NJOY (seethe�rst errordescribedin thissection).This is alreadychecked
andcorrectedin reconrsothiserrorshouldneveroccur. However, NJOY usesENDF�les
to transferinformationbetweenmodulesin whichany numberis roundedto 6 signi�cant
digits. In thecaseof theabovementionednuclides,thedifferencebetweenthecalculated
valueandtheonein theENDF �le occursin the7th signi�cant digit (which is lost due
to rounding).As such,thiserrorcanbeignored.

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

Thesecondacerrun providesa consistency checkof theACE �le producedby the �rst
acerrun. Whenever somethingabnormalis found,this messagewill beprinted.In some
cases,theerrorshouldhavebeencorrected.Seesection3.2.5for moreinformation.

The following warningmessagescanbe issuedfrom time to time but they arenot errors,it
concernsfeaturessupportedby theENDF �le thathavenotyetbeenaddedto NJOY:

� ---message from ...---calculation of angular distribution
not installed

� ---message from rdf2hy---hybrid competing reactions not yet
added to file 3

3.2.2 CommonNJOY Err ors

WheneverNJOY issuesanerror, theNJOY runwill beterminatedandno�nal library �les will
beproduced.Commonerrormessagesare:

� ***error in findf*** mat... mf 5 mt 22 not on tape ...

To performheatrcalculations,this modulerequiresthat �le 4 (angulardistributionsof
secondaryparticles)and�le 5 is presentfor everyreactionspeci�edin the�le. If it is not
present,heatrwill give thiserrorandnoACE �le canbeproduced.
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� ***error in findf*** mat... mf 3 mt 2 not on tape ...

The thermrmodulecanissuesthis errorwhenit cannot�nd theelasticscatteringcross
section(mt2). Becauseof the absenceof this crosssection,the evaluationthat caused
thiserroris not suitedfor transportcalculations.

� ***error in acelf5***sorry. acer cannot handle lf=5

Theacermoduleneeds�le 5 data(energy distributionsof secondaryparticles)from the
ENDF �le using law 1. Apparantly, this evaluationuseslaw5. 233U from JEF2.2 is
known to have thisproblem.

3.2.3 ResonanceReconstruction

Thereconrmodulereconstructsresonancecrosssectionsusingthe resonanceparametersand
linearizescrosssectionsthatusenon-linearinterpolationschemeson a unionizedenergy grid
(all crosssectionsof thesamenuclidewill usethesameenergy grid). Duringthereconstruction
and linearizationof the crosssection,two criteria will be used(aswasexplainedin section
2.4): thefractionalreconstructiontolerance<err> andthemaximumresonanceintegral error
<errint> with its associatedreconstructiontolerance<errmax> . If we asked for maximum
accuracy, thetolerance<err> will beusedin thelinearizationof theentirecrosssection.As a
result,the �le will be ratherlargedueto the largenumberof points. To avoid large �les, the
maximumresonanceintegral error <errint> andthe reconstructiontolerance<errmax> are
used.In thatcase,thetolerance<errmax> will beusedfor thelinearizationof thecrosssection
if the error on the resonanceintegral (seeequation2.4.1) satis�es the maximumresonance
integralerror<errint> . If this is not thecase,thecrosssectionis linearizedto within <err> .
After �nishing thereconstruction,thereconrmodulewill print asummarytableof thepossible
resonanceintegral error duereconstructionprocess.This tablemustbe checked to seeif the
error is not too large. For 235U from JEF2.2 (using<err> = 0:001andthedefault valuesfor
theothertolerances),thissummarylookslike 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 thecasewheremaximumaccuracy is requested(using<err> = 0:001),thenumbersin the
errorcolumnsaboveareall zero.If theerrorsaretoo large,theusercansimplydecrease<err>
andrun theALEPH-DLG again.
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3.2.4 UnresolvedProbability Tables

As wasmentionedalreadyin the introductionof this chapter, we will provide for testingof
theunresolvedprobabilitytables.For this,we will performmostof thetestsperformedby the
CHECK_UREScode[12] in oneform or another:

1. Comparethein�nite dilution crosssectionsobtainedfrom unresrby thosecalculatedby
purr andcomparethe in�nite dilution total crosssectionswith the sumof the in�nite
dilute elastic,�ssion andcapturecrosssectionfor boththevaluesfrom unresrandpurr.
Fractionaldifferencesof morethan1�10� 10 arenoted.

2. Comparefor eachprobabilitybin thetotalcrosssectionwith thesumof theelastic,�ssion
andcapturecrosssection.Differencesof greaterthan1%arenoted.

3. Comparetheaveragecrosssectionvaluesfrom theladdercalculationwith thoseobtained
throughtheprobabilitytableitself.

4. Checkif thecumulative probability is correctlynormalizedto 1 (give or take 1�10� 10)
andcheckfor abnormalzeroprobabilitybins.

5. Checkthe rows of the probability table for negative sectionsandabnormalzerocross
sections.

To performall thesetests,we requireoutputfrom unresrandpurr. Theoutputrequiredfrom
unresrlookslike 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 energy hasa sectionof 5 principal rows with valuesfor every s 0 usedin the unresr
calculation. For out purposes,we only requirethe �rst 4 rows: total crosssection,elastic
scatteringcrosssection,�ssion crosssectionandcapturecrosssection.
Thein�nite dilutevaluesthatwerequirearethevaluescorrespondingwith s 0 = 1�10� 10, thus
the�rst numberof every row. Wedonot requireany moredatafrom theunresroutput.
The�rst partof theoutputof purr (theresonanceladdercalculation)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 requirecanbefoundon thelineslabeledbkgd (thebackgroundcross
section),infd (thein�nite dilution crosssection)andaver (theaveragecrosssectionfrom the
laddercalculation). The valuesof the in�nite dilute crosssectionthat we readherewill be
comparedto theonesfrom unresr. If thefractionaldifferencede�ned as:

d = 2

�
�
�
�
s1 � s2

s1 + s2

�
�
�
� (3.2.2)

is greaterthan1�10� 6, it is �agged.
Theaveragecrosssectionswill becomparedto theaveragecrosssectionscalculatedusingthe
probabilitytableitself. Thein�nite dilution total crosssectionswill becomparedwith thesum
of the in�nite dilute elastic,�ssion andcapturecrosssectionfor both the valuesfrom unresr
andpurr. If thefractionaldifferenceof thesevaluesis largerthan1�10� 6

Thesecondpartof thepurroutputthatweneedaretheBondarenko crosssectionvaluescalcu-
latedduringtheresonanceladdercalculationandtheonesobtainedfrom theprobability table
itself:

bondarenko cross sections by direct sampling
temp sig0 p0 total elastic fission capture p1 total
... 1.000E+10 1.854919E+01 1.192393E+01 5.685923E+00 2.037549E+00 1.854919E+01
... 1.000E+08 1.854919E+01 1.192393E+01 5.685923E+00 2.037549E+00 1.854919E+01
... 1.000E+06 1.854917E+01 1.192393E+01 5.685911E+00 2.037544E+00 1.854915E+01
... 1.000E+04 1.854733E+01 1.192373E+01 5.684750E+00 2.037066E+00 1.854548E+01
... 1.000E+03 1.853099E+01 1.192195E+01 5.674431E+00 2.032824E+00 1.851287E+01
... 3.000E+02 1.849152E+01 1.191765E+01 5.649500E+00 2.022586E+00 1.843462E+01
... 1.000E+02 1.839740E+01 1.190743E+01 5.589969E+00 1.998212E+00 1.825068E+01
... 3.000E+01 1.819281E+01 1.188533E+01 5.460253E+00 1.945442E+00 1.786189E+01
... 1.000E+01 1.796377E+01 1.186076E+01 5.314528E+00 1.886700E+00 1.744056E+01

...

bondarenko cross sections from probability table
temp sig0 p0 total elastic fission capture p1 total
... 1.000E+10 1.854919E+01 1.192393E+01 5.685923E+00 2.037549E+00 1.854919E+01
... 1.000E+08 1.854919E+01 1.192393E+01 5.685923E+00 2.037549E+00 1.854919E+01
... 1.000E+06 1.854917E+01 1.192393E+01 5.685911E+00 2.037544E+00 1.854915E+01
... 1.000E+04 1.854735E+01 1.192373E+01 5.684763E+00 2.037072E+00 1.854552E+01
... 1.000E+03 1.853120E+01 1.192197E+01 5.674560E+00 2.032879E+00 1.851328E+01
... 3.000E+02 1.849215E+01 1.191772E+01 5.649890E+00 2.022754E+00 1.843584E+01
... 1.000E+02 1.839891E+01 1.190760E+01 5.590911E+00 1.998614E+00 1.825343E+01
... 3.000E+01 1.819577E+01 1.188566E+01 5.462109E+00 1.946219E+00 1.786675E+01
... 1.000E+01 1.796787E+01 1.186121E+01 5.317114E+00 1.887762E+00 1.744680E+01

The�rst columnspeci�esthetemperature(asthis temperatureis alwaysthesame,thiscolumn
hasbeenomittedhereto save space).Thesecondcolumngivesthevaluesfor s 0 usedduring
thepurrcalcualtion.By comparingtheBondarenko valuesfrom bothtableswecanverify if the
probabilitytablehasproperlyconverged.Thefractionaldifference(seeequation3.2.2)between
all the valueswill be calculated.For our testingpurposes,only the valuescorrespondingto
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in�nite dilution (the�rst row in bothtables)will bechecked. If they differ morethan1�10� 6,
they will be�agged.
The last andmost importantpart of the output from purr is the unresolved 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 ...

Theentireprobability tableis readandfor every bin, the total crosssectionis comparedwith
thesumof theelasticscattering,�ssion andcapturecrosssection.If the fractionaldifference
is greaterthan1�10� 2, it is �agged. Using the fractionalprobability valuesthe cumulative
probability is calculated.If it differs from 1 by morethan1�10� 2, it is �agged. Theaverage
crosssectionvaluesarecalculatedusingthefollowing formula:

saver = å
i

pis i (3.2.3)

Thefractionaldifferencecriteriumin thiscaseis 1�10� 6. Theprobabilitytableis alsochecked
for abnormalzerocrosssectionsandnegative crosssections.Zero crosssectionscanoccur
eitherin the lower bins becausethe crosssectionbecomesvery small or whenthe particular
row hasa fractionalprobabilityof zero(in this case,therow will never besampled).In these
cases,zerocrosssectioncanbeallowed. Negative crosssectionshowever cannotbeallowed
(andthe library �le hasto berecalculatedwithout probability tables),unlessthey appearin a
row with zerofractionalprobability(in whichcasethey will notbeused).

3.2.5 ACE ConsistencyCheck

LOOK AT THIS PART AGAIN
As wasmentionedin section2.14,thesecondacerrun will performa numberof consistency
testson the ACE �le that wasproducedand to correctsomeof the problemsthat might be
detected.Thetestsperformedby acerarethefollowing:

1. Do thresholdvaluescorrespondto Q-values?

2. Is theenergy grid monotonicallyincreasing?

3. Checktheangulardistributionsfor thecorrectreferenceframe(eitherCM or LAB)

4. Checktheangulardistributionsfor unreasonablecosines

5. Is theemissionenergy lessthantheincidentenergy?

6. Do summationcrosssectionsmatchsums?
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7. Ensurethatprobabilitydensityfunctionsarenon-negative

8. Are only appropriateinterpolationvaluesused?

9. Do thresholdreactionsstartwith azerocrosssection?

Tests1, 7 and9 shouldhave alreadybeenchecked andcorrectedby NJOY itself during the
calculationof thelibrary �le (test1 and9 by reconrandtest7 by acer).Test6 shouldnormally
not give any problembecausereconrrecalculatesevery summationcrosssection. The same
goesfor test2, reconrmadetheunionizedgrid sowe canassumethat it is monotonic.Only if
two pointswith thesameenergy arefound(that is, a jump in thecrosssection),a consistency
problemwill be signaledbut this canbe ignored. Pleasenote that MCNP(X) will probably
signalthisproblemaswell whenit readsthecrosssectiondata.This is 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 maximumenergiesabove 20 MeV (all nuclidesfrom theLA150 library con-
tainedwithin ENDF-B6.8andthosecarriedover from LA150 to JEFF3.0)areknown to give
problemswith test5. For instance:

check energy distributions
consis: ep.gt.epmax 8.509482E-12 with q.lt.0 for (n,x)

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.gt.epmax 9.890043E-12 with q.lt.0 for (n,x)

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 theseproblemswasfoundin thedocumentationof ENDF60andENDF66sowe
assumethatthis is notaproblem.Furthermore,in 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(DataLibraryGenerator)is theauxiliarycomputercodeto ALEPHthatproduces
crosssectiondata�les for usein ALEPH. As wasexplainedin theintroduction,ALEPH-DLG
automatestheentireprocessof generatinglibrary �les with NJOY andveri�es theprocessing.
ALEPH-DLG startsby readingthenuclide's ENDF �le andextractingthefollowing data:

� theENDFmaterialnumber:NJOY needsthisasaninputparameter

� theLFR parameterthatindicateswhetheror not thematerialhasresonanceparameters:if
thisvalueis setto 1 (thematerialhasresolvedand/orunresolvedresonanceparameters),
ALEPH-DLG will scantheresonanceparameters(�le 2, mt151)to seeif unresolvedres-
onanceparametersarepresent.ALEPH-DLG will only run theunresrandpurr modules
if thereareunresolvedresonancesde�ned in theENDF �le.

� theLFI parameterthatindicateswhetheror not thematerialis �ssile: if this is 0, heating
dueto �ssion (mt318)will notbespeci�edin theheatrruns

� thetemperatureTEMPof theENDF �le

ALEPH-DLG will thenproducea tailor madeNJOY input �le usingthepreviously extracted
dataandrun NJOY to producethelibrary �le of thetypedemandedby theuser. WhenNJOY
has�nished, ALEPH-DLG will extractall messagesandwarningsfrom NJOY andprint out a
shortexplanationof themessagein question.Thecodewill alsotesttheunresolvedresonance
probability tables. If ALEPH-DLG �nds negative values,it will rerunNJOY for this nuclide
but without unresolved resonanceprobability tables. Before startingwith the next nuclide,
ALEPH-DLG will print outasummaryreporton theNJOY processing.

4.2 Running ALEPH-DLG

ALEPH-DLG usescommandline arguments:

aleph-dlg inputfile < output_string >

inputfile is requiredandpointsto theinput �le of ALEPH-DLG. < output_string > is an
optionalinput argumentthat canbe usedto adda string to the namesof the library �les that
areproducedby ALEPH-DLG. Whenthisoptionalstringis used,theoutput�le will benamed
output_< output_string >. If not, theoutput�le will simplybenamedoutput .
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Table4.1: Overview of theALEPH-DLG inputkeywords.

Keyword Required KeywordUse Section
C no Commentline 4.3.10

DAT no An optionaldatapathto theENDF �les 4.3.3
END yes EndsALEPH-DLG input 4.3.12
LIB noa Thelibrary numberfor stableandmetastablenuclides 4.3.7
MAT yes Thematerialsfor whichadata�le will becreated 4.3.9

NJOY yes TheNJOY executablename 4.3.8
OUT no Speci�esALEPH-DLG outputoptions 4.3.11
TIT no Thetitle for thelibrary 4.3.1
TMP yes Thetemperatureof thedata�les thatwill begenerated 4.3.2
TOL nob Thereconstructiontoleranceusedfor thelibrary 4.3.5
TYP yes Thetypeof data�les thatwill begenerated 4.3.6
UPT noc Probabilitytablesin theunresolvedresonancerange 4.3.4

$ no Commentafterakeyword 4.3.10

a If noglobalnumbersareset,a library numbermustbespeci�edfor every isotopein theMATkeyword.
b If noglobaltoleranceis speci�ed,a tolerancemustbespeci�edfor every isotopein theMATkeyword.
c If thisglobaloptionis notused,it mustbesetfor every isotopein theMATkeyword.

4.3 The ALEPH-DLG Input File

This sectiondealswith the different input optionsfor ALEPH-DLG. We have chosento use
a keyword approachsimilar to thatusedin ALEPH (which wasbasedon thekeyword system
usedby ORIGEN).As wepointedoutbefore,westrivedto makeALEPH-DLGassimpleto use
aspossibleandthis re�ects in theseinput options.Thenumberof keywordsthatareactually
requiredis keptassmallaspossible(seetable4.1).This input �le is simplyendedwith theEND
keyword. Beforestarting,we would like to make the following remarksconcerningthe input
andthenotationsusedin thismanual:

� File anddirectoryspeci�cationcanbe doneusingthe rulesunderunix. Specifyingdi-
rectoriesis donewith the“ / ” character(andnot thebackslashcharacterasis doneunder
windows). To specifya pathfrom therootdirectory, thedirectorymustbegin with a “ / ”
character. For a subdirectoryfrom thecurrentworking directorythis not required.It is
alsoadvisableto usedirectorynameswithoutwhitespace.

� Anythingappearingbetween< .. > isoptionalinput. Thismeansthattheuserhaseither
to choosebetweendifferentoptions,or that this is not requiredif certainconditionsare
met(for instancetheprevioususeof acertainkeyword).

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

4.3.1 Library Title - TIT keyword

TheTIT keywordcanbeusedto specifyaglobaltitle for thelibrary:

TIT title
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Thetitle of thelibrary (bothin theENDF-�les asin theACE-�les) will thenbesetto:

ZAMID title

whereZAMID (similar to theZAID identi�cation usedby MCNP(X)) is theORIGENidenti�ca-
tion numberof theisotopefor which we arethe�le wasgenerated(usingtheelementnumber
Z, theatomicmassnumberA andthemetastablestateMwhich is either0 or 1):

ZAMID= 10000Z + 10A+ M= 10ZAID + M (4.3.1)

Thiskeyword is not required.Whenit is notpresent,ZAMID will beusedasthelibrary title.

4.3.2 Library ReconstructionTemperature - TMP keyword

Thiskeywordhasto beusedto setthe�nal (broadened)temperaturetempb of thelibrary. This
temperaturehasto 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 thiskeyword is simply:

TMP tempb

As wasexplainedin thepreviouschapter, this temperaturetempb is not theonly temperature
requiredasinput for NJOY. Theothertemperatureusedby NJOY is theENDF�le temperature
tempr for the reconrmodule(seesection2.4). This temperaturecanbe found in the ENDF
�le itself andis readautomaticallyby ALEPH-DLG sothat theuserdoesnot needto concern
himselfwith this.

4.3.3 Library Datapath - DAT keyword

While theENDF �les to beprocessedhave to beinputon theMATkeyword (seesection4.3.9),
it is possibleto specifya commondatapathdatapath sothatonly theENDF �le nameshave
to beinputon theMATkeyword:

DAT datapath

Whenthiskeyword is notpresent,thedatapathmustbeincludedin theENDF �lenamesin the
MATkeyword (or the�les mustbepresentin thedirectoryin whichALEPH-DLG is run).

4.3.4 Library UnresolvedResonanceProbability Table - UPT keyword

Like the previous TOL keyword, the UPT keyword can be usedto set the option whetheror
not to includeunresolvedresonanceprobabilitytablesfor all thenuclidesspeci�edon theMAT
keyword. Thesyntaxfor thiskeyword is simply:

UPT < ptable option >

where< ptable option > is either0 (don't includeprobability tables)or 1 (includeproba-
bility tables).ALEPH-DLG will readtheresonancesectionof theENDF �le (�le 2, mt151)to
seeif thereareunresolved resonancespresentin the �le. If thereareunresolved resonances,
ALEPH-DLG will includeunresrandpurr in theNJOY input �le, unless< ptable option >
is setto 0. In that case,ALEPH-DLG will issuea warningstatingthatunresolve resonances
werefoundbut thatunresrandpurrwerenot run.
Whenthiskeyword is notused,theoptionwhetheror not to includetheprobabilitytablesmust
besetfor everynuclidethatappearson theMATcard.
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4.3.5 Library ReconstructionTolerance- TOL keyword

The reconstructionandDopplerbroadeningof a library performedby the reconrandbroadr
modulesarecontrolledusingthereconstructiontoleranceparameterserr , errint anderrmax
(seesection2.4).TheTOLkeywordcanbeusedto settheseparametersfor theentirelibrary:

TOL < tolerance option > err

where< tolerance option > is oneof thefollowing:

� default accuracy:

-1

In this case,thevaluesfor errint anderrmax will besetto their default valueasgiven
by NJOY (10*err for errmax anderr/20000 for errint ). As wasexplainedin section
2.4 and 3.2.3, the tolerance<errmax> will be usedfor the linearizationof the cross
sectionif theerroron theresonanceintegral (seeequation2.4.1)satis�esthemaximum
resonanceintegral error<errint> . If this is not thecase,thecrosssectionis linearized
to within <err> . Thisoptionhasto beusedto avoid large�les.

� maximumaccuracy:

-2

In this case,thevaluefor errint is setequalto err while errmax is setto a very low
number(1e-12) ). Whenaskingfor this maximumaccuracy, the toleranceerr will be
usedin the linearizationof the entirecrosssection. As a result, the �le will be rather
largedueto thelargenumberof points.

Whenthis keyword is not used,thetolerancemustbesetfor every nuclidethatappearson the
MATcard.

4.3.6 Library Type - TYP keyword

As wasexplainedin section2.2, the NJOY processingpathdependsuponthe type of library
thatneedsto begenerated.TheTYPkeywordhasto beusedto setthisprocessingpath:

TYP < library type >

where< library type > is oneof thefollowing possibilities:

� createonly anALEPH library �le:

-1

In this case,ALEPH-DLG will only run the modulesof NJOY requiredfor the gener-
ation of a linearizedENDF �le for usewith ALEPH (ALEPH only requireslinearized
crosssectionsfor mt16,mt17,mt18,mt102,mt103andmt107). As such,only theruns
MODER1,RECONR,BROADR andMODER2(seesection2.2)will beused.
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� createonly anMCNP(X) library �le:

-2 < ACE type >

where< ACE type > is thetypeof ACE �le. This is thevalueusedfor iopt in theacer
module(seesection2.13and2.15). Sofor a c-typelibrary (continuousenergy �le) this
is 1 while it is 3 for a y-type library (dosimetry�le). For now, S(a ,b) tablescannotbe
generatedautomaticallywith ALEPH-DLG.

� createbothanALEPH andMCNP(X) library �le:

-3 < ACE type >

where< ACE type > is thetypeof ACE �le asgivenabove. In thiscase,ALEPH-DLG
will generateanENDF �le for usein ALEPH andanappropriateACE �le (eitherc-type
of y-type,dependingupontheENDF �le).

4.3.7 Library Numbers - LIB keyword

Every MCNP(X) library is identi�ed usinga nuclide's ZAID with a library number(between0
and99)andasuf�x letterdependinguponthetypeof library (c for continuousenergy neutron,
y for dosimetry�les, . . . ). An exampleis for instance92235.60c for 235U from thestandard
ENDF60library. TheLIB keyword is usedto globally setthelibrary number(thesuf�x 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 nuclide in 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
assignedto thelibrary �le if thenuclideis in thegroundstate(stable_lib ) or in themetastable
state(metastable_lib ).
If the LIB keyword is not usedto setthe library numbersglobally, a library numbermustbe
providedfor everymaterialin theMATkeyword.

4.3.8 NJOY Executable- NJOY keyword

The NJOYkeyword is usedto specifythe NJOY executable(andthe pathto the executableif
theexecutableis not in thecurrentworkingdirectory)njoyexe to beusedwithin theprogram:

NJOY njoyexe

ALEPH-DLG will createan NJOY input �le andrun NJOY to createa processedlibrary for
every isotopeontheMATkeyword. Theinput �le is simplynamedinput sotheusershouldnot
usethesamenamefor theALEPH-DLG input �le. This input �le andthetemporary�les (with
the standardnametapeXX with XX a number)aredeletedby ALEPH-DLG whenthe ENDF
�le hasbeenprocessed.Theusershouldinsurethatenoughdisk spaceis availableto storeall
the library �les (anentireprocessedlibrary for a singletemperaturecanquickly take 500MB
of diskspace).
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4.3.9 SpecifyingMaterials - MAT keyword

The MATkeyword is usedto specify all the nuclidesthat ALEPH-DLG and NJOY have to
process.Dependingon thepreviousinputof keywords,thesyntaxfor theMATkeyword is:

MAT
..
ZAMID[j] 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 assumesthat every nuclidehasa
seperateENDF �le). The threeotherinput options< lib >, < tolerance > and< ptable
option > only needto beusedwhentheLIB , TOLor UPTkeywordswerenotused.
The< lib > optionsetsthe library numberfor this nuclide. BecauseALEPH-DLG usesthe
ZAMID to identify nuclides(andthecodeis thuscapableof distinguishingbetweenstableand
metastablenuclides)only one library numberis required. The options< tolerance > and
< ptable option > arethe sameasgiven in the TOL or UPT keywords. PLeasenotethat if
oneof theseis used,they mustbeusedfor every ZAMID on in thelist.

4.3.10 Input�le Comment - C and $ keywords

To put commentsin theinput �le, two differentkeywordshave beenforeseen: C and$. TheC
keyword canbeusedto commentout entirelineswhile the$ keyword is usedto commentout
partsof lines. The$ keyword canbeusedeverywherewhentheregular input is present.This
meansthatcommentafterevery isotopein theMAT keyword like:

MAT
922350 922350_22.ori $ U235 from JEF 2.2
922380 922350_30.ori $ U238 from JEFF 3.0

is permitted.UsingtheC keyword in thiskeyword is howevernotpermitted.

4.3.11 Output - OUT keyword

TheOUT keyword is usedto setcertainoutputoptionsof ALEPH-DLG.For now, thereis only
oneoptions:full NJOY output(NJOYFULL):

OUT NJOYFULL PLOTS

If NJOYFULL= 1, theNJOY output�le for every isotopeor elementon theMATkeyword will
besavedin aseparate�le. If PLOTS= 1, theplot �le producedby thesecondacerrunbesaved
in aseparate�le.
Thiskeyword is not required.By default,all outputoptionsareassumedto be0.

4.3.12 End ALEPH-DLG Input - END keyword

As wasindicatedbefore,theinput �le is simplyendedwith theENDkeyword.
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4.4 The ALEPH-DLG Output File

ALEPH-DLG will alwaysprint outareportfor everynuclidethatit processed.The�rst partof
this reportcontainsgeneralinformationaboutthenuclide(suchastheENDFmaterialnumber,
theENDF �le temperature,if it is �ssile, . . . ) andtheNJOY input �le usedfor thenuclide.As
anexamplewewill use238U from JEFF3.1at300K:

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

ENDF material number = 9237
Fissile material = 1
Resonances = 1
Unresolved resonances = 1
Initial temperature = 0

NJOY input file

moder
20 -25
reconr
-25 -21
'922380 JEFF 3.1 library at 300 K - NJOY 99.90'/
9237 0 0
0.001 /
0 /
broadr
-25 -21 -22
9237 1 0 0 0
0.001 1.0e+6 /
300
0 /
moder
-22 30
unresr
-25 -22 -21
9237 1 9 1
300
1e+10 1e+8 1e+6 1e+4 1e+3 3e+2 1e+2 3e+1 1e+1
0 /
heatr
-25 -21 -22 /
9237 5 0 0 0 0 /
302 318 402 442 444 /
heatr
-25 -21 -23 /
9237 6 0 1 0 2 /
302 303 318 402 442 444 /
thermr
0 -22 -21 /
0 9237 16 1 1 0 1 221 2 /
300
0.001 5.0
gaspr
-25 -21 -22 /
purr
-25 -22 -21
9237 1 9 20 64 1 0
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300
1e+10 1e+8 1e+6 1e+4 1e+3 3e+2 1e+2 3e+1 1e+1
0 /
acer
-25 -21 0 40 41
1 0 1 .03 /
'922380 JEFF 3.1 library at 300 K - NJOY 99.90'/
9237 300
1 1
/
acer
0 40 0 40 41
7 1 1 -1 /
'922380 JEFF 3.1 library at 300 K - NJOY 99.90'/
stop

This is thenfollowedby a list of all NJOY messagesthatwerefoundin theoutput�le, along
with a short explanationof the error in question. ALEPH-DLG searchesthe NJOY output
�le for thestring ---message from soall messageswill beprintedout. As wasindicatedin
section3.2.1,mostof theerrorsin this list will simplybemessagesfrom reconrstatingthatthe
thresholdenergy hasbeenchanged.This is anexampleof thispartof thenuclidereport(again
for 238U from JEFF3.1at300K):

Messages 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 III-3 of the NJOY
manual. The threshold energy has been adjusted by 1.61842e-05 %.

Status : Ignore, or use a corrected evaluation.

...

heatr : ---message from hinit---mt19 has no spectrum
mt18 spectrum will be used.

Comment: mt18 (n,total fission) is the sum of mt19, 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 mt18 will be used
instead.

Status : Ignore

heatr : ---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 file 3 to a prompt value using the delayed neutron energy
from mf1, mt458.

Status : Ignore

If NJOY hasissuederrors,they areprintednext with someexplanationof theerror. This is for
instanceanerrormessageprintedby ALEPH-DLG for 233U from JEF2.2:

Errors from NJOY found:

acer : ***error in acelf5***sorry. acer cannot handle lf=5.
you will have to patch the evaluation to use lf=1.

Comment: acer needs file 5 data (energy distributions of secondary
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particles) using law 1. Apparantly, this evaluation uses
law5. 922330 - U233 from JEF 2.2 is the only known nuclide
with this problem.

Whenno errorswhereencounteredandif therewereresonancespresent,ALEPH-DLG will
reproducetheresonancerecontructiontablehere.It is up to theuserto review thetableto see
if thereconstructionwasaccurateenough.For for 238U from JEFF3.1at300K this lookslike:

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

Whenthenuclidehasunresolvedresonances,ALEPH-DLG will print out theresultsfrom the
testsdescribedin section3.2.4.Thesetestsareperformedin threestagesfor everyenergy value
(in the238U examplesgivenbelow, theenergy is 20keV).
First, the in�nite dilution crosssectionsfrom unresrandpurr arecompared.The �rst partof
thetestis thecomparisonof thein�nite dilution valuesfor thetotal,elastic,�ssion andcapture
crosssections(ontheleft) andthesecondpartconsistsof testingwhetherthetotalvalueequals
thesumof thethreepartials(on theright):

PURR-UNRESRinfinite 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 crosssectionwasomitted(everyvaluein thiscolumn
waszero). Whenthis testfails, this is mainly dueto the backgroundcrosssection(which is
why thevaluesof thebackgroundcrosssectionis printedoutaswell).
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Thesecondstageis thecomparisonof theBondarenko valuesobtainedduringthecalculation
of theprobabilitytableandtheonescalculatedusingtheprobabilitytableitself. Althoughthe
tablecontainsall datafor everys0 valuesthatwereusedduringtheNJOY run,only thein�nite
dilution valuesarecompared:

PURR Bondarenko values check:

Bondarenko cross sections by direct sampling

sigma0 p0 total elastic ... capture p1 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 table

sigma0 p0 total elastic ... capture p1 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 ... 5.293225E-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 p1 total | passed?
1.000000E+10 0.0000 0.0000 ... 0.0000 0.0000 | yes
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,thecolumnfor the�ssion crosssectionwasomitted(all valuesare
againall zero).
The third and last stageis the testingof the probability table itself. The testagain consists
of two parts:anoverview of theprobability table(for every bin, theprobabilitycummulative
probability and the crosssectionvaluesare printed)and the bin test (wherethe sum of the
partialsis comparedto the total value). For our 238U exampletheprobability tableoverview
lookslike this (thebin testswereomitteddueto space):

PURR-ACERunresolved resonance probability table check:
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bin tot prob cum prob total elastic fission capture
1 4.662500E-03 4.662500E-03 3.823343E+00 3.585895E+00 0.000000E+00 2.374473E-01
2 1.791875E-02 2.258125E-02 6.229751E+00 5.966992E+00 0.000000E+00 2.627585E-01
3 6.367188E-02 8.625313E-02 8.460657E+00 8.200861E+00 0.000000E+00 2.597957E-01
4 5.406562E-02 1.403187E-01 9.689484E+00 9.443480E+00 0.000000E+00 2.460040E-01
5 5.973125E-02 2.000500E-01 1.029883E+01 1.006470E+01 0.000000E+00 2.341318E-01
6 5.639375E-02 2.564438E-01 1.073697E+01 1.049481E+01 0.000000E+00 2.421615E-01
7 5.767500E-02 3.141188E-01 1.108989E+01 1.082473E+01 0.000000E+00 2.651615E-01
8 5.776563E-02 3.718844E-01 1.142084E+01 1.112118E+01 0.000000E+00 2.996622E-01
9 5.468125E-02 4.265656E-01 1.175799E+01 1.140497E+01 0.000000E+00 3.530230E-01

10 5.284063E-02 4.794063E-01 1.211012E+01 1.171121E+01 0.000000E+00 3.989129E-01
11 5.945000E-02 5.388563E-01 1.251434E+01 1.205582E+01 0.000000E+00 4.585232E-01
12 5.955312E-02 5.984094E-01 1.299979E+01 1.247663E+01 0.000000E+00 5.231506E-01
13 6.262187E-02 6.610312E-01 1.361066E+01 1.300291E+01 0.000000E+00 6.077522E-01
14 6.210313E-02 7.231344E-01 1.441660E+01 1.372964E+01 0.000000E+00 6.869662E-01
15 6.502188E-02 7.881563E-01 1.554050E+01 1.475955E+01 0.000000E+00 7.809531E-01
16 5.855312E-02 8.467094E-01 1.713908E+01 1.625956E+01 0.000000E+00 8.795226E-01
17 6.284687E-02 9.095562E-01 1.976246E+01 1.877427E+01 0.000000E+00 9.881902E-01
18 6.582813E-02 9.753844E-01 2.653817E+01 2.553805E+01 0.000000E+00 1.000119E+00
19 1.940000E-02 9.947844E-01 4.153256E+01 4.053079E+01 0.000000E+00 1.001761E+00
20 5.215625E-03 1.000000E+00 5.675590E+01 5.566543E+01 0.000000E+00 1.090471E+00

average probability table 1.436541E+01 1.383465E+01 0.000000E+00 5.307606E-01
average ladder calculation 1.436541E+01 1.383465E+01 0.000000E+00 5.307606E-01

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
Passed zero test - no abnormal zero cross section were found

As wasindicatedbefore,theseprobabilitytablecanhave a numberof defects.First f all, there
arethe possiblezerocrosssectionvalues. They mostly occurin the �rst few bins wherethe
crosssectionvaluecanbecomevery small. This is possiblydueto round-off becauseENDF
�les areusedto transferinformation(thenumberof signi�cant digits is limited). Thefollowing
is anexamplefor 144Cefrom JEFF3.1 at 300K (at anenergy of 12.5keV) wheretheelastic
crosssectionin the �rst bin is zerowhile the elasticcrosssectionvaluesfor bin 2 and3 are
quitelow:

PURR-ACERunresolved resonance probability table check:

bin tot prob cum prob total elastic fission capture
1 5.918750E-03 5.918750E-03 4.427165E-04 0.000000E+00 0.000000E+00 4.427130E-04
2 1.353125E-02 1.945000E-02 9.661759E-04 1.346222E-07 0.000000E+00 9.660378E-04
3 5.795938E-02 7.740938E-02 7.611501E-03 1.364715E-03 0.000000E+00 6.246783E-03
4 6.397500E-02 1.413844E-01 4.903847E-01 4.784755E-01 0.000000E+00 1.190921E-02
5 5.536563E-02 1.967500E-01 1.183513E+00 1.170341E+00 0.000000E+00 1.317209E-02
6 5.531875E-02 2.520688E-01 1.711335E+00 1.699135E+00 0.000000E+00 1.220037E-02
7 5.514687E-02 3.072156E-01 2.183366E+00 2.170705E+00 0.000000E+00 1.266053E-02
8 4.683750E-02 3.540531E-01 2.597204E+00 2.583742E+00 0.000000E+00 1.346129E-02
9 5.892187E-02 4.129750E-01 3.046429E+00 3.029602E+00 0.000000E+00 1.682707E-02

10 6.120000E-02 4.741750E-01 3.591510E+00 3.571395E+00 0.000000E+00 2.011522E-02
11 6.227500E-02 5.364500E-01 4.240109E+00 4.214968E+00 0.000000E+00 2.514148E-02
12 5.410938E-02 5.905594E-01 4.973862E+00 4.941652E+00 0.000000E+00 3.221007E-02
13 6.009688E-02 6.506563E-01 5.898720E+00 5.852202E+00 0.000000E+00 4.651832E-02
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14 6.285625E-02 7.135125E-01 7.318426E+00 7.252548E+00 0.000000E+00 6.587885E-02
15 6.911875E-02 7.826313E-01 9.840770E+00 9.731101E+00 0.000000E+00 1.096695E-01
16 6.023750E-02 8.428688E-01 1.470241E+01 1.451735E+01 0.000000E+00 1.850631E-01
17 6.598437E-02 9.088531E-01 2.714710E+01 2.687932E+01 0.000000E+00 2.677814E-01
18 6.877500E-02 9.776281E-01 8.425859E+01 8.396091E+01 0.000000E+00 2.976748E-01
19 1.414687E-02 9.917750E-01 1.817117E+02 1.814068E+02 0.000000E+00 3.048717E-01
20 8.225000E-03 1.000000E+00 2.107427E+02 2.104787E+02 0.000000E+00 2.640955E-01

average probability table 1.563706E+01 1.555737E+01 0.000000E+00 7.969520E-02
average ladder calculation 1.563707E+01 1.555737E+01 0.000000E+00 7.969520E-02

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 - 1 abnormal zero cross section were found

Negative crosssectionvalueson the otherhandarephysically impossible. When theseoc-
cur, ALEPH-DLG will simply rerunthe isotopewith the unresolved probability tableoption
switchedoff. For now, this is theonly pointwhereALEPH-DLG takescorrectiveactions.This
is anexampleof 148Nd of JEFF3.1at300K (atanenergy of 8 keV) wherethereare7 negative
valuesin theprobabilitytable(4 totaland3 capturecrosssectionvalues):

PURR-ACERunresolved resonance probability table check:

bin tot prob cum prob total elastic fission capture
1 4.181250E-03 4.181250E-03 -4.822215E-02 1.156328E-07 0.000000E+00 -1.373847E-02
2 1.150312E-02 1.568437E-02 -4.658385E-02 1.093039E-06 0.000000E+00 -1.210115E-02
3 5.239688E-02 6.808125E-02 -3.997770E-02 4.144996E-05 0.000000E+00 -5.535351E-03
4 6.160625E-02 1.296875E-01 -5.314284E-03 2.803189E-03 0.000000E+00 2.636633E-02
5 5.971563E-02 1.894031E-01 3.755912E-01 3.083192E-01 0.000000E+00 1.017559E-01
6 6.245937E-02 2.518625E-01 1.303667E+00 1.246896E+00 0.000000E+00 9.125447E-02
7 6.225312E-02 3.141156E-01 2.168909E+00 2.124675E+00 0.000000E+00 7.871813E-02
8 6.263438E-02 3.767500E-01 2.917091E+00 2.879398E+00 0.000000E+00 7.217662E-02
9 6.926562E-02 4.460156E-01 3.638130E+00 3.614899E+00 0.000000E+00 5.771551E-02

10 6.888437E-02 5.149000E-01 4.412159E+00 4.363108E+00 0.000000E+00 8.353441E-02
11 6.702500E-02 5.819250E-01 5.273581E+00 5.208550E+00 0.000000E+00 9.951473E-02
12 6.297500E-02 6.449000E-01 6.276626E+00 6.190311E+00 0.000000E+00 1.207987E-01
13 5.291250E-02 6.978125E-01 7.435103E+00 7.309307E+00 0.000000E+00 1.602797E-01
14 5.661875E-02 7.544312E-01 8.961360E+00 8.785904E+00 0.000000E+00 2.099398E-01
15 5.539062E-02 8.098219E-01 1.142069E+01 1.119543E+01 0.000000E+00 2.597388E-01
16 5.801250E-02 8.678344E-01 1.629022E+01 1.598533E+01 0.000000E+00 3.393781E-01
17 5.465312E-02 9.224875E-01 2.924341E+01 2.881197E+01 0.000000E+00 4.659304E-01
18 5.442500E-02 9.769125E-01 8.742029E+01 8.642198E+01 0.000000E+00 1.032795E+00
19 1.606875E-02 9.929812E-01 2.152746E+02 2.138398E+02 0.000000E+00 1.469247E+00
20 7.018750E-03 1.000000E-00 2.962066E+02 2.951656E+02 0.000000E+00 1.075480E+00

average probability table 1.609580E+01 1.591664E+01 0.000000E+00 2.136386E-01
average ladder calculation 1.609580E+01 1.591664E+01 0.000000E+00 2.136387E-01

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
Warning: did not pass negative test - 7 negative cross section were found
Passed zero test - no abnormal zero cross section were found
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Thereis alsothepossibility to have binswith zeroprobability. In this case,thebin will never
be sampledso that negative or zerocrosssectionvaluesin this bin do not posea problem.
This problemalsosurfacedduring the preparationof the URESlibrary for MCNP (the �rst
MCNp library to includeprobabilitytables)[12] but no corrective measureswheretaken. It is
up to theuserto decidewhatto dowith thisproblem.An extremeexamplewith 8 binsof zero
probabilitycanbefoundin 250Cmfrom JEFF3.1at300K (atanenergy 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 2.525313E-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 somecases,all theproblemsdescribedabove canbefoundin a singleexample.This is for
instancethecasefor theprobabilitytableof 22Na from JEFF3.1at 300K (at anenergy 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 5.415938E-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 bin 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 therewereunresolved resoanncesof course)the acer
consistency testreportis printedout. And at theendof theoutput�le, ALEPH-DLG will print
out thexsdir linesfor all nuclidesthatwereprocessedsuccessfully:

xsdir entries generated:

1001.03c 0.999170 10010_31.03c 0 1 1 10161 0 0 2.585E-08

...

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

...

100255.03c 252.899000 1002550_31.03c 0 1 1 17459 0 0 2.585E-08

Warning: only 380 of 381 nuclides were
processed without errors
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Part II

A Validated CrossSectionLibrary for
MCNP(X) and ALEPH
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Chapter 5

Library Overview

5.1 Intr oduction

ALEPH-LIB is thenameof themulti-temperaturelibrary thatweareproviding for standarduse
by MCNP(X) andALEPH. Thetemperaturesincludedin this library are300,600,900,1200,
1500and1800K. Library �les wereproducedusingtheJEF2.2,JEFF3.0,JEFF3.1,JENDL
3.3andENDF/B-VI.8 nucleardataevaluations.Thiswill beextendedwith ENDF/B-VII when
it becomesavailable.Thedistributionof ALEPH-LIB alsocontainsall thegraphsproducedby
NJOY duringthesecondacerrun (seesection2.14).Tablesof thecontentof theentirelibrary
canbefoundin appendixB.
In order to be able to validatenucleardata,onemustbe surethat differencesin benchmark
resultsare really dueto differencesin data. Differencesin library processingcan introduce
“noise” and is thereforenot acceptable.Possiblesourcesof suchnoisein a datalibrary are
differentversionsof NJOY (99.90,99.90,99.112,. . . ), differentcrosssectionreconstruction
tolerances,. . . This is why we decidedto generatelibrariesfor all majornucleardataevalua-
tionsavailable,all with thesamebasicsetof NJOY inputparameters.
Becausethelibrary is foreseenfor every-dayuse,certaincompromisesmustbemadebetween
�le sizeandaccuracy. Thetighterthetolerancessetin NJOY, themoreaccuratethelinearized
crosssectionswill be to thedatain theoriginal ENDF �le. Unfortunately, themoreaccurate
the linearizedcrosssectionsare,the larger the �les will be. And that will de�nitely have an
adverseeffect on calculationtime (the larger the energy grid, the longer it takes to �nd the
properinterval).
We have thereforechosento usea crosssectionreconstructiontoleranceof 0.1% with de-
fault valuesfor the resonanceintegral checks(1% for the maximumreconstructiontolerance
<errmax> and5 10� 8 for the resonanceintegral error <errint> , seesections2.4, 3.2.3and
4.3.5for moreinformation).All nuclidesthathave unresolvedresonanceswill have probabil-
ity tablesin theunresolvedresonanceenergy range,exceptif thereareoccurancesof negative
crosssectionvaluesin thetable.
For thenamingconventionof thelibraries,we chooseto useT/100 for thestablenuclidesand
T/100 + 70 for themetastablenuclides(seetable5.1).For example,95242.03c is thelibrary
at300K for thegroundstateof 242Am while 95242.79c is the900K library of themetastable
stateof 242Am.
Anothermethodthat is oftensuggestedto identify thegroundstateandmetastablestateis to
changethe ZAID of the metastablestate,for instance95242 for the groundstateand95342
for themetastablestate.We decidedto usedifferentlibrary numbersfor thegroundstateand
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metastablestateinsteadof this methodbecausethis methodhasprovedto beproblematicwith
MCNPX. It leadsto a fatalerror in themodelsfor protontransport,wherethevalueof 342is
usedastheatomicmassfor 242mAm. In othercasesit did not leadto fatalerrors,but thewrong
valuefor theatomicmasswasstill usedby MCNPX for usein thephysicsmodels.
We choseto usethesamenumbersfor every nucleardataevaluationbecausetherewould not
beenoughlibrary numbersif every nucleardataevaluationwasassignedits own setof library
numbers.Theusercanhoweversimplycreatehisown xsdir �le whenhewishesto mix nuclear
dataevaluations.

Table 5.1: Library suf�x numbers
usedfor nuclidesin thegroundstate
(GS)andmetastablestate(MS).

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

Every nuclideis providedasa single�le. This increasesthepotentialfor maintenanceof the
library (whenever a correctionis made,theuserdoesnot have to replacehuge�les, just a few
smallones).The�le namingconventionis simply <ZAMID>_<EVAL>.<SUFF> whereZAMID is
theORIGENidenti�cation numberof thenuclide(seesection4.3.1),whereEVALis thenuclear
dataevaluationnumber(22 for JEF2.2,30 for JEFF3.0,31 for JEFF3.1,33 for JENDL 3.3
and68 for ENDF/B-VI.8) andwhereSUFFis thelibrary suf�x number(asgivenin table5.1).
For example,theACE �le for 242Am in thegroundstateat 300K from JEFF3.1canbefound
in the �le 952420_31.03c while it is 952421_31.73c for the metastablestateof the same
nuclide.
The �rst partof theMCNP(X) xsdir �le containstheatomicmassvalues(in unitsof neutron
mass)usedby MCNP(X) to recalculatecompositionsto thestandardatomsbarn� 1 cm� 1. The
standardxsdir �les only containatomicmassdatafor 300 to 400nuclides.BecauseALEPH
requiresatomicmassvaluesfor at leastevery nuclidepossiblein ORIGEN,we have decided
to updatethoseatomicmassvaluesby usingtheAtomic MassEvaluation2003includedinto
NUBASE[17] from theAtomic MassDataCenter.
In this chapter, we will provide an overview of the processingof the libraries (an overview
of the messages,errors,. . . ). Changesmadeto the original ENDF �les to correcterrors(for
instanceto correctcrashesof MCNP or MCNPX, . . . ) will alsobe reportedhere. It is very
importantthat the userreadsthis part becauseit indicatespotentialproblemsandlimitations
of the library set. Usersarealsoencouragedto sendtheir feedbackto us. An overview of the
contentof thelibrary �les (wetheror not g productiondatais present,which typesof charged
particle datais included,what the upperenergy of the library �le is, . . . ) can be found in
appendixB.
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5.2 JEF 2.2

5.3 JEFF 3.0

5.4 JEFF 3.1

5.5 JENDL 3.3

5.6 ENDF/B-VI.8
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Chapter 6

Library QA - Validation

6.1 Intr oduction

Benchmarkingthe new libraries is a very importantstepin the developmentof a validated
applicationlibrary andmustbeasthoroughandascompleteaspossible.Thenew librarieswill
beappliedto a numberof different�elds: from thermalwatermoderatedreactors,Accelerator
Driven Systems(ADS) to shieldingapplications,. . . Every application�eld hasits speci�c
demandson nucleardata.In thermalwatermoderatedsystems,theemphasiswill lie on lower
energy while ADS applicationsrequireshighenergy data.Certainnuclidescanbeof signi�cant
importancein oneapplicationwhile they arenot for anotherapplication.Accuratehighenergy
datafor Pb andBi is for instancerequiredfor ADS applications,structuralmaterialdatafor
shieldingapplications,. . .
It is obvious that it is impossibleto provide benchmarksfor every possiblematerialandap-
plication areaso choiceshave to be made. We have thereforeoptedto performa numberof
benchmarkthatwerepreviouslyusedto validatethestandardMCNP libraries:

� criticality benchmarkswhich werealreadyusedfor validatingtheMCNP ENDF60and
ENDF66libraries

� theLawrenceLivermorepulsedsphereexperiments

6.2 Criticality Benchmarks

6.2.1 A Suiteof Criticality Benchmarksfor Validating Nuclear Data

In April 1999Los ALamosNationalLaboratoryreleaseda suiteof 86 criticality benchmarks
[18] (alongwith the correspondingMCNP input �les) for the speci�c purposeof validating
nucleardatalibrariesfor MCNP[19, 20]. Wehavedecidedto repeatthesebenchmarksfor our
newly generatedMCNP(X) libraries.
Thedifferentbenchmarksin thesuitewerespeci�cally chosento obtaina setof problemsthat
would testdifferentenergy regions,suchasthehigh-energy region of fastcritical assemblies
and the thermalregion of the solutionexperiments,to test variousre�ector materialswhile
maintaininganacceptableamountof benchmarkproblems.
This suitehasbeencompiledusingtwo compendiumsof criticality experimentalinformation:
the CrossSectionEvaluationWorking Group(CSEWG)speci�cations[21] andthe Interna-
tional Criticality SafetyBenchmarkEvaluationProject (ICSBEP) [22]. The geometryand
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materialspeci�cationsfor the 86 benchmarkswere taken primarily from the ICSBEPcom-
pendium.
In this suite, thereare5 differentcategories: critical assemblieswith 233U, intermediateen-
riched235U (IEU), highly enriched235U (HEU), 239Puandmixedmetalassemblies(MM), see
table6.1. Referencesto theCSEWGcompendiumin bracketsindicatea correspondingsetof
CSEWGspeci�cationsthatwerenotusedin thesebenchmarks.Within everycategorythereare
bare,re�ectedandsolutionassemblies.There�ector materialsthemselvesareBe,BeO,C, Al,
Fe,Ni, W, Th, 233U andnaturaluranium.For 5 assembliestherearetwo setsof speci�cations
givensothatwehave to performa totalof 91criticality calculations.
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Table6.1: Criticality benchmarkdescriptions.

Name Type Description CSEWG ICSBEP
23umt1 233U Jezebel-23,BareSphereof U233 (F-19) 233U-MET-FAST-001
23umt2a 233U 0.481"HEU-Re�ectedSphereof U233;PlanetAssembly 233U-MET-FAST-002Case1
23umt2b 233U 0.783"HEU-Re�ectedSphereof U233,PlanetAssembly 233U-MET-FAST-002Case2
23umt3a 233U 0.906"NormalUranium-Re�ectedSphereof U233,PlanetAssembly 233U-MET-FAST-003Case1
23umt3b 233U 2.09"NormalUranium-Re�ectedSphereof U233,PlanetAssembly 233U-MET-FAST-003Case2
23umt4a 233U 0.96"Tungsten-Re�ectedSphereof U233,PlanetAssembly 233U-MET-FAST-004Case1
23umt4b 233U 2.28"Tungsten-Re�ectedSphereof U233,PlanetAssembly 233U-MET-FAST-004Case2
23umt5a 233U 0.805"Be-Re�ectedSphereof U233,PlanetAssembly 233U-MET-FAST-005Case1
23umt5b 233U 1.652"Be-Re�ectedSphereof U233,PlanetAssembly 233U-MET-FAST-005Case2
23umt6 233U Flattop-23,7.84"Normal-UraniumRe�ectedSphereof U233 233U-MET-FAST-006
�at23 233U Flattop-23,CSEWG,U(N)-re�ectedU233sphere+ gap F-24

23usl1a 233U ORNL-5,1.0226g/l Unre�ected27.24"Sphereof U233nitrate 233U-SOL-THERM-001Case1
solution

23usl1b 233U ORNL-6,1.0253g/l Unre�ected27.24"Sphereof U233nitrate 233U-SOL-THERM-001Case2
solutionwith Boron

23usl1c 233U ORNL-7,1.0274g/l Unre�ected27.24"Sphereof U233nitrate 233U-SOL-THERM-001Case3
solutionwith Boron

23usl1d 233U ORNL-8,1.0275g/l Unre�ected27.24"Sphereof U233nitrate 233U-SOL-THERM-001Case4
solutionwith Boron

23usl1e 233U ORNL-9,1.0286g/l Unre�ected27.24"Sphereof U233nitrate 233U-SOL-THERM-001Case5
solutionwith Boron

23usl8 233U ORNL-11,1.0153g/l Unre�ected48.04"Sphereof U233nitrate 233U-SOL-THERM-008
solutionwith Boron

ieumt1a IEU Jemima1, CylindricalDisksof HEU andNaturalUranium IEU-MET-FAST-001Case1
ieumt1b IEU Jemima2, CylindricalDisksof HEU andNaturalUranium IEU-MET-FAST-001Case2
ieumt1c IEU Jemima3, CylindricalDisksof HEU andNaturalUranium IEU-MET-FAST-001Case3

Continuedonnext page
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Name Type Description CSEWG ICSBEP
ieumt1d IEU Jemima4, CylindricalDisksof HEU andNaturalUranium IEU-MET-FAST-001Case4
ieumt2 IEU Re�ectedJemima,U(N)-Re�ectedCylindricalDisksof HEU IEU-MET-FAST-002

andNaturalUranium
ieumt3 IEU BareIEU Sphere(36wt.%),VNIIEF IEU-MET-FAST-003
ieumt4 IEU Graphite-Re�ectedIEU Sphere(36wt.%),VNIIEF IEU-MET-FAST-004
ieumt5 IEU Steel-Re�ectedIEU Sphere(36wt.%),VNIIEF IEU-MET-FAST-005
ieumt6 IEU Duralumin-Re�ectedIEU Sphere(36wt.%),VNIIEF IEU-MET-FAST-006
umet1ss HEU Godiva,Unre�ectedsphereof HEU, SimpleSphererepresentation (F-5) HEU-MET-FAST-001Casea
umet1ns HEU Godiva,Unre�ectedsphereof HEU, NestedSphericalshell HEU-MET-FAST-001Caseb

representation
bigten1 HEU BIGTEN, 1dmodel:U(N) re�ecteduraniumsphere F-10
bigten2 HEU BIGTEN, 2dmodel:U(N) re�ecteduraniumcylinder
umet3a HEU 2" Tuballoy-Re�ectedHEU(93.5)Sphere,TopsyAssembly HEU-MET-FAST-003Case1
umet3b HEU 3" Tuballoy-Re�ectedHEU(93.5)Sphere,TopsyAssembly HEU-MET-FAST-003Case2
umet3c HEU 4" Tuballoy-Re�ectedHEU(93.5)Sphere,TopsyAssembly HEU-MET-FAST-003Case3
umet3d HEU 5" Tuballoy-Re�ectedHEU(93.5)Sphere,TopsyAssembly HEU-MET-FAST-003Case4
umet3e HEU 7" Tuballoy-Re�ectedHEU(93.5)Sphere,TopsyAssembly HEU-MET-FAST-003Case5
umet3f HEU 8" Tuballoy-Re�ectedHEU(93.5)Sphere,TopsyAssembly HEU-MET-FAST-003Case6
umet3g HEU 11" Tuballoy-Re�ectedHEU(93.5)Sphere,TopsyAssembly HEU-MET-FAST-003Case7
umet3h HEU 1.9" TungstenCarbide-Re�ectedHEU(93.5)Sphere,TopsyAssembly HEU-MET-FAST-003Case8
umet3i HEU 2.9" TungstenCarbide-Re�ectedHEU(93.5)Sphere,TopsyAssembly HEU-MET-FAST-003Case9
umet3j HEU 4.5" TungstenCarbide-Re�ectedHEU(93.5)Sphere,TopsyAssembly HEU-MET-FAST-003Case10
umet3k HEU 6.5" TungstenCarbide-Re�ectedHEU(93.5)Sphere,TopsyAssembly HEU-MET-FAST-003Case11
umet3l HEU 8.0" Nickel-Re�ectedHEU(93.5)Sphere,TopsyAssembly HEU-MET-FAST-003Case12
umet4a HEU Water-Re�ectedHEU(97.675)Sphere,with plexiglassring HEU-MET-FAST-004Case2
umet4b HEU Water-Re�ectedHEU(97.675)Sphere,Trans.Am. Nuc. Soc.27, HEU-MET-FAST-004(Case1)

pg. 412(1977)
umet8 HEU BareHEU Sphere,VNIITF, 3D model HEU-MET-FAST-008
umet9a HEU Be-Re�ectedHEU( 89.6)Sphere,VNIITF HEU-MET-FAST-009Case1
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Name Type Description CSEWG ICSBEP
umet9b HEU BeO-Re�ectedHEU( 89.6)Sphere,VNIITF HEU-MET-FAST-009Case2
umet11 HEU Polyethylene(CH2)-Re�ectedHEU( 89.6)Sphere,VNIITF HEU-MET-FAST-011
umet12 HEU Aluminium-Re�ectedHEU( 89.6)Sphere,VNIITF HEU-MET-FAST-012
umet13 HEU St.20Steel-Re�ectedHEU( 89.6)Sphere,VNIITF HEU-MET-FAST-013
umet14 HEU DepletedUranium-Re�ectedHEU( 89.6)Sphere,VNIITF HEU-MET-FAST-014
umet15 HEU BareHEU Cylinder, VNIITF HEU-MET-FAST-015
umet18 HEU Simpli�ed BareHEU Sphere,VNIIEF HEU-MET-FAST-018
umet19 HEU Graphite-Re�ectedHEU Sphere,VNIIEF HEU-MET-FAST-019
umet20 HEU Polyethylene-Re�ectedHEU Sphere,VNIIEF HEU-MET-FAST-020
umet21 HEU Steel-Re�ectedHEU Sphere,VNIIEF HEU-MET-FAST-021
umet22 HEU Duralumin-Re�ectedHEU Sphere,VNIIEF HEU-MET-FAST-022
umet28 HEU Flattop-25,U(nat)-Re�ectedHEU SPHERE (F-22) HEU-MET-FAST-028
usol13a HEU ORNL-1,Unre�ectedSphereof Uranyl(20.12g/l) Nitrate (T-1) HEU-SOL-THERM-003Case1
usol13b HEU ORNL-2,Unre�ectedSphereof Uranyl(23.53g/l) Nitratewith Boron (T-2) HEU-SOL-THERM-003Case2
usol13c HEU ORNL-3,Unre�ectedSphereof Uranyl(26.77g/l) Nitratewith Boron (T-3) HEU-SOL-THERM-003Case3
usol13d HEU ORNL-4,Unre�ectedSphereof Uranyl(28.45g/l) Nitratewith Boron (T-4) HEU-SOL-THERM-003Case4
usol32 HEU ORNL-10,Unre�ectedSphereof Uranyl(28.45g/l) Nitratewith Boron (T-5) HEU-SOL-THERM-032
pumet1 239Pu Jezebel-Pu(4.5%), Baresphereof Pu-239with 4.5% Pu-240 (F-1) PU-MET-FAST-001
pumet2 239Pu Jezebel-Pu(20%), Baresphereof Pu-239with 20% Pu-240 (F-21) PU-MET-FAST-002
pumet5 239Pu Tungsten-Re�ectedPu(94.79)Sphere,Planetassembly PU-MET-FAST-005
pumet6 239Pu NormalUranium-Re�ectedPu(93.80)Sphere,Flattopassembly (F-23) PU-MET-FAST-006
pumet8a 239Pu Thorium-Re�ectedPu(93.59)Sphere,ThorAssembly, 1D Model (F-25) PU-MET-FAST-008Case1
pumet8b 239Pu Thorium-Re�ectedPu(93.59)Sphere,ThorAssembly, 2D Model PU-MET-FAST-008Case2
pumet9 239Pu Aluminum-Re�ectedPu(94.8)Sphere,CometAssembly PU-MET-FAST-009
pumet10 239Pu U(N)-Re�ectedPusphere PU-MET-FAST-010
pumet11 239Pu Water-Re�ectedalpha-phasePusphere PU-MET-FAST-011
pumet18 239Pu Be-Re�ectedPu(94.79)Sphere,PlanetAssembly PU-MET-FAST-018
pumet19 239Pu Be-Re�ectedPu(90)Sphere,VNIITF PU-MET-FAST-019
pumet20 239Pu DepletedUranium-Re�ectedPu(90)Sphere,VNIITF PU-MET-FAST-020
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pumt21a 239Pu Be-Re�ectedPuCylinder PU-MET-FAST-021Case1
pumt21b 239Pu BeO-Re�ectedPuCylinder PU-MET-FAST-021Case2
pumet22 239Pu Simpli�ed Plutonium(98%)BareSphere,VNIIEF PU-MET-FAST-022
pumet23 239Pu Simpli�ed PlutoniumSphere,Graphitere�ector, VNIIEF PU-MET-FAST-023
pumet24 239Pu Simpli�ed PlutoniumSphere,PolyethyleneRe�ector, VNIIEF PU-MET-FAST-024
pumet25 239Pu Simpli�ed PlutoniumSphere,1.55cmSteelRe�ector, VNIIEF PU-MET-FAST-025
pumet26 239Pu Simpli�ed PlutoniumSphere,11.9cmSteelRe�ector, VNIIEF PU-MET-FAST-026

pnl1 239Pu PNL-1, Idealized(No Container)Unre�ectedSphereof Pu T-13
NitrateSolution

pnl6 239Pu PNL-6, Idealized(No Container)Unre�ectedSphereof PuNitrate T-14,T-24
Solution;RevisedPNL2

pusl11a 239Pu PNL-3,Unre�ected18" Sphereof Pu(22.35g/l) NitrateSolution (T-15) PU-SOL-THERM-011Case18-1
pusl11b 239Pu PNL-4,Unre�ected18" Sphereof Pu(27.49g/l) NitrateSolution (T-16) PU-SOL-THERM-011Case18-6
pusl11c 239Pu PNL-5,Unre�ected16" Sphereof Pu(43.43g/l)NitrateSolution (T-17) PU-SOL-THERM-011Case16-5
pusl11d 239Pu Unre�ected16" Sphereof Pu(34.96g/l)NitrateSolution PU-SOL-THERM-011Case16-1
mixmet1 MM HEU-Re�ectedPuSphere,PlanetAssembly MIX-MET-FAST-001
mixmet3 MM HEU-Re�ectedPuSphere,VNIITF MIX-MET-FAST-003
mixmet8 MM ZEBRA 8A/2, GraphiteandNaturalUraniumre�ectedPu MIX-MET-FAST-008Case1
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Table6.2: Criticality benchmarkresults.

Name Result ENDF60 ENDF66 JEF2.2 JEFF3.0 JEFF3.1 JENDL3.3 ENDF/B-VI.8
mixmet1 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)

pnl1 - 1.00818(12) 1.00879(12) 1.01499(12) 1.00862(12) 1.00821(12) 1.01123(12) 1.00767(12)
pnl6 - 1.00327(13) 1.00354(14) 1.01074(14) 1.00453(13) 1.00352(13) 1.00655(13) 1.00243(14)

pumet1 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)
pumet8b 1.00000(60) 1.00603(12) 1.00574(12) 0.98623(11) 1.00915(12) 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) 0.99859(12)
pumet11 1.00000(100) 0.99753(14) 0.99695(14) 0.99603(14) 0.99741(14) 0.99681(15) 0.99788(15) 0.99648(13)
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)
pumet21a 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) 0.99449(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)
pusl11a 1.00000(520) 0.99543(10) 0.99617(10) 1.00061(10) - 0.99541(10) 0.99851(11) 0.99536(11)
pusl11b 1.00000(520) 1.00080(11) 1.00132(11) 1.00658(11) - 1.00079(11) 1.00406(11) 1.00046(11)
pusl11c 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 ENDF66 JEF2.2 JEFF3.0 JEFF3.1 JENDL3.3 ENDF/B-VI.8
pusl11d 1.00000(520) 1.01031(12) 1.01107(12) 1.01692(12) - 1.01032(12) 1.01364(12) 1.01018(12)
23umt1 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) 0.99559(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)
23umt4a 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)
23usl1a 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)
23usl1c 1.00060(330) 0.99705(8) 0.99819(8) - 1.00031(8) 0.99834(8) 0.99955(8) 0.99783(8)
23usl1d 0.99980(330) 0.99722(8) 0.99817(8) - 1.00010(8) 0.99848(8) 0.99964(8) 0.99800(8)
23usl1e 0.99990(330) 0.99673(8) 0.99758(8) - 0.99934(8) 0.99761(8) 0.99899(8) 0.99727(8)
23usl8 1.00060(290) 0.99640(5) 0.99749(5) - 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)

bigten1 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)
umet1ns 1.00000(100) 0.99656(12) 0.99645(11) 0.99529(11) 0.99653(11) 0.99639(12) 1.00296(11) 0.99619(12)
umet1ss 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)

Continuedonnext page

57



Name Result ENDF60 ENDF66 JEF2.2 JEFF3.0 JEFF3.1 JENDL3.3 ENDF/B-VI.8
umet3h 1.00000(500) 1.00635(12) 1.00464(12) 0.99665(12) 1.00133(12) 1.00115(13) 1.00645(12) 1.00473(12)
umet3i 1.00000(500) 1.00656(13) 1.00582(12) 0.99748(12) 1.00341(12) 1.00283(12) 1.00738(12) 1.00581(13)
umet3j 1.00000(500) 1.00768(12) 1.00917(12) 1.00165(12) 1.00902(12) 1.00843(12) 1.01233(12) 1.00870(12)
umet3k 1.00000(500) 1.00985(12) 1.01351(12) 1.00668(12) 1.01421(13) 1.01418(13) 1.01763(13) 1.01306(12)
umet3l 1.00000(300) 1.00468(12) 1.00433(12) 1.00385(12) - 1.00175(12) 1.00746(12) 1.00431(12)
umet4a 1.00200 1.00082(14) 0.99961(15) 1.00008(14) 1.00012(14) 0.99893(14) 1.00637(15) 0.99906(14)
umet4b 1.00030(50) 0.99634(15) 0.99578(15) 0.99601(15) 0.99584(14) 0.99466(14) 1.00249(14) 0.99511(14)
umet8 0.99890(160) 0.99243(11) 0.99221(12) 0.99077(12) - 0.99242(11) 0.99887(11) 0.99223(11)
umet9a 0.99920(150) 0.99482(13) 0.99505(13) 0.98833(12) - 0.99354(12) 0.99995(12) 0.99465(12)
umet9b 0.99920(150) 0.99381(12) 0.99363(12) 0.98985(12) - 0.99244(12) 0.99999(11) 0.99282(12)
umet11 0.99890(150) 0.99645(15) 0.99513(14) 0.99619(15) - 0.99581(15) 1.00149(14) 0.99525(14)
umet12 0.99920(180) 0.99391(12) 0.99380(12) 0.99742(12) - 0.99476(11) 1.00082(12) 0.99387(12)
umet13 0.99900(150) 0.99418(11) 0.99405(12) 0.99731(12) - 0.99271(11) 1.00302(11) 0.99418(12)
umet14 0.99890(170) 0.99553(12) 0.99433(12) 0.98682(11) - 0.99653(12) 0.99443(12) 0.99457(12)
umet15 0.99960(170) 0.99150(12) 0.99109(11) 0.99007(12) 0.99133(11) 0.99106(12) 0.99832(12) 0.99149(12)
umet18 1.00000(160) 0.99616(11) 0.99605(12) 0.99454(11) 0.99602(11) 0.99601(12) 1.00224(11) 0.99600(12)
umet19 1.00000(300) 1.00364(12) 1.00344(12) 1.00254(12) 1.00353(12) 1.00363(12) 1.00948(12) 1.00317(12)
umet20 1.00000(300) 0.99741(13) 0.99658(13) 0.99628(13) 0.99708(13) 0.99724(13) 1.00278(12) 0.99687(13)
umet21 1.00000(260) 0.99488(12) 0.99401(12) 1.00054(11) - 0.99351(12) 1.00485(11) 0.99415(11)
umet22 1.00000(210) 0.99230(12) 0.99238(11) 1.00060(12) 0.99397(12) 0.99380(12) 0.99955(11) 0.99264(12)
umet28 1.00000(300) 1.00235(13) 1.00183(13) 0.99164(12) 0.99416(13) 1.00181(12) 0.99800(12) 1.00195(12)
usol13a 1.00120(260) 0.99789(8) 0.99953(7) 0.99904(7) 0.99906(7) 0.99907(7) 1.00043(7) 0.99930(7)
usol13b 1.00070(360) 0.99700(8) 0.99850(8) 0.99814(8) 0.99813(8) 0.99826(8) 0.99941(8) 0.99829(8)
usol13c 1.00090(360) 0.99357(8) 0.99487(9) 0.99482(9) 0.99428(8) 0.99439(8) 0.99587(8) 0.99464(8)
usol13d 1.00030(360) 0.99506(9) 0.99648(8) 0.99643(8) 0.99598(8) 0.99580(9) 0.99732(9) 0.99610(8)
usol32 1.00150(260) 0.99749(6) 0.99915(6) - 0.99840(5) 0.99886(5) 1.00015(5) 0.99923(6)
ieumt1a 0.99890 0.99723(12) 0.99677(11) 0.99577(12) - 0.99786(12) 0.99944(11) 0.99652(12)
ieumt1b 0.99970 0.99743(12) 0.99673(12) 0.99579(12) - 0.99796(11) 0.99947(12) 0.99666(12)
ieumt1c 0.99930 0.99908(12) 0.99785(12) 0.99472(12) - 0.99794(12) 0.99643(11) 0.99812(11)
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Name Result ENDF60 ENDF66 JEF2.2 JEFF3.0 JEFF3.1 JENDL3.3 ENDF/B-VI.8
ieumt1d 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) 1.00169(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)

59



6.2.3 Conclusions

6.3 Lawr enceLi vermorePulsedSphereBenchmark

6.3.1 Experimental Setup

In the late 60's, LawrenceLivermoreNationalLaboratory(LLNL) hasperformeda seriesof
pulsedsphereexperiments[23] to studyneutroncrosssections(bothat low andhigh neutron
energy) andfor thepurposeof validatingneutrontransportcodesthatwerebeingusedatLLNL
(suchasSORSandTART) [24, 25, 26, 27, 28,29]. Los AlamosNationalLaboratoryhasalso
usedtheseexperimentsto benchmarkMCNP[30] andto benchmarkENDF/B-VI data[31,32].
In thesepulsedsphereexperiments,an almostisotropic14 MeV neutronsourcewasplaced
at the centerof a sphericaltarget assembly. The resultingneutronemissionspectrawasthen
measuredusingtimeof �ight techniques.For thehighenergy spectra,atotalof 51experiments
on38differenttargetcon�gurationsusing16differentmaterialshavebeenperformed(seetable
6.3).

Table6.3: Targetmaterialoverview for theLawrenceLivermorepulsedsphereexperiments.

Material Size Experiment Material Size Experiment
6Li 0.5 01,02 Ti 1.2 28

1.1 03 2.2 29
1.6 04 3.5 30

7Li 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 H2O 1.1 39

1.3 12,13 1.9 40,41
2.9 14,15 D2O 1.2 42

N 1.1 17 2.1 43
3.1 18 Polyethylene 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

Thenearlyisotropic14 MeV neutronsourceplacedat thecenterof thesphereswasproduced
by a T(d,n)4He reaction.A deuteronbeamwasacceleratedby the LivermoreInsulatedCore
Transformer(ICT) acceleratorto anenergy of 400keV anddirectedtowarda tritiatedtitanium
disk of 1.2cm in diameterat thecenterof a cubical40 ft. targetpit. Thetargetdisk washeld
in placeby a low massstructuremadeprimarily of aluminumandstainlesssteel.
Theneutrondetectors(eitherthePilot B or NE213detector)thatwereusedto measurethetime-
of-�ight spectrawereplacedinsidethetargetpit walls,behindcollimatorsto protectthemfrom
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the target pit background.Both the Pilot B andNE213detectorwereoperatedat a 1.6 MeV
neutronbias(neutronsbelow this energy werenot detected).Theneutronsdetectedhave ener-
giesrangingfrom about16 MeV to 2 MeV. As such,thepulsedsphereexperimentsdescribed
hereareexcellentbenchmarksfor thehigherenergy crosssections(above2 MeV).
The detectorswere placedat 30 degreesand 120 degreeswith respectto the beamline at
distancebetween750and925cm (dependingon theangleusedandtheexperiment).A mea-
surementat30degreeswasmadefor everytypeof sphereandmaterial.Only thosespheresand
materialsthathave two experimentnumbersin table6.3havemeasurementsat120degrees.
Thepulsedsphereexperimentsarea lot moresensitive to crosssectiondataandevenangular
distributionswhencomparedto integral benchmarks(a very goodexamplearethemagnesium
spheres,seesection6.3.3and�gures 6.21to 6.24). This aspectalonemakesthemprimecan-
didatesfor validatingnucleardatabecauseeventhesmallestdifferenceswill beveryclear.
In general,the following requirementsmustbe met to obtainagreementbetweenthe experi-
mentaltimeof �ight spectrumandthoseobtainedthroughcalculations:

� the correcttotal andtotal elasticcrosssectionat around15 MeV (the transmittedpeak
andtheelasticregion is sensitive to crosssectionsat thatenergy)

� thecorrecttotal crosssectionover theentireenergy range

� thecorrecttotal andlevel inelasticscatteringcrosssections

� thecorrectangulardistribution for elasticscatteringandthelevelsof inelasticscattering

Theneutronsourceitself (in particulartheenergy andangledistribution) mustbewell known
becausethepositionof thetransmittedpeakis determinedby theneutronenergy of thesource
underthe measuredangle. This hashowever nothingto do with the nucleardataitself. This
neutronsourcemustbemodeledcorrectlyin thetransportcodethat is used(somethingwhich
hasalreadybeendoneby LANL [31, 32]).

6.3.2 MCNPX Calculations

As mentionedbefore,the pulsedsphereexperimentscanbe usedto benchmarkboth neutron
crosssectiondataandneutrontransportcodes.In generalthesetwoaspectscannotbeseparated,
but they areseparablewhentherelevantneutroncrosssectionsareaccuratelyknown or when
wearesatis�edfrom otherconsiderationsthattheneutrontransportcodebeingusedis correct.
In our case,we want to benchmarkdifferentnucleardataevaluationsusingMCNPX 2.5.e,a
codeof which thevalidity hasbeenprovenonnumerousoccasions.
Someof thesepulsedsphereexperimentshave alreadybeenusedfor benchmarkswith MCNP
[30, 32]. Thesereportsalso includedthe MCNP input �les that wereusedfor thosebench-
marks. Becausenot every pulsedsphereexperimentfrom the original LLNL report [23] is
givenin thepreviouslymentionedLANL reports,wehavedecidedto remodelthegeometryof
everypulsedsphereexperimentasit wasgivenin theoriginalLLNL report.
Everytargetspherewasplacedinsidealarge1000cmsphere�lled with air atastandarddensity
of 0.001288g cm� 3. ThesamecompositionastheLANL reportswasusedfor thisair. Thelow
masstargetthatshouldbeplacedinsidethespherewasnotmodeledbecauseit hasbeenshown
that this hasno effect on thecalculatedtime of �ight spectra[23, 30]. Theconcretewalls of
thetargetpit hasnotbeenmodeledaswell becausetheireffectwasdeemedinsigni�cant [30].
The neutronsourcespeci�cation (coming from the T(d,n)4He reaction)wasalso taken over
from thoseLANL reports:
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c data cards - source (as given by LA-12212 and LA-12885)
sdef pos=0 0 0 dir=d1 erg=fdir=d2 rad=d3 vec=-1 0 0

sur=100 tme=d4
si1 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

sp1 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 0.930 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 q -0.99619 180 -0.98481 175 -0.96593 170 -0.93962 165
-0.90631 160 -0.86603 155 -0.81915 150 -0.76604 145
-0.70711 140 -0.64279 135 -0.57358 130 -0.50000 125
-0.42262 120 -0.34202 115 -0.25882 110 -0.17365 105
-0.08716 100 0.00000 95 0.08716 90 0.17365 85

0.25882 80 0.34202 75 0.42262 70 0.50000 65
0.57358 60 0.64279 55 0.70711 50 0.76604 45
0.81915 40 0.86603 35 0.90631 30 0.93969 25
0.96593 20 0.98481 15 0.98619 10 1.00000 5

si3 h 0 0.6
sp3 d -21 1
sp4 -41 <FWHM>0
si5 h 15.106 15.110
sp5 d 0 1
si10 h 15.095 15.106
sp10 d 0 1
si15 h 15.075 15.095
SP15 d 0 1
si20 h 15.049 15.075
sp20 d 0 1
si25 h 15.015 15.049
sp25 d 0 1
si30 h 14.974 15.015
sp30 d 0 1
si35 h 14.927 14.974
sp35 d 0 1
si40 h 14.873 14.927
SP40 d 0 1
si45 h 14.814 14.873
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sp45 d 0 1
si50 h 14.750 14.814
sp50 d 0 1
si55 h 14.681 14.750
sp55 d 0 1
si60 h 14.608 14.681
sp60 d 0 1
si65 h 14.532 14.608
sp65 d 0 1
si70 h 14.453 14.532
sp70 d 0 1
si75 h 14.372 14.453
sp75 d 0 1
si80 h 14.289 14.372
sp80 d 0 1
si85 h 14.206 14.289
sp85 d 0 1
si90 h 14.123 14.206
sp90 d 0 1
si95 h 14.040 14.123
sp95 d 0 1
si100 h 13.958 14.040
sp100 d 0 1
si105 h 13.878 13.958
sp105 d 0 1
si110 h 13.800 13.878
sp110 d 0 1
si115 h 13.725 13.800
sp115 d 0 1
si120 h 13.654 13.725
sp120 d 0 1
si125 h 13.586 13.654
sp125 d 0 1
si130 h 13.522 13.586
sp130 d 0 1
si135 h 13.464 13.522
sp135 d 0 1
si140 h 13.410 13.464
sp140 d 0 1
si145 h 13.362 13.410
sp145 d 0 1
si150 h 13.320 13.362
sp150 d 0 1
si155 h 13.284 13.320
sp155 d 0 1
si160 h 13.254 13.284
sp160 d 0 1
si165 h 13.230 13.254
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sp165 d 0 1
si170 h 13.214 13.230
sp170 d 0 1
si175 h 13.203 13.214
sp175 d 0 1
si180 h 13.200 13.203
sp180 d 0 1

in which the parameter<FWMH>on the sp4 -cardis the FWMH parameterof a Gaussiantime
resolutionfunctionassociatedwith theneutronpulsefor everyexperiment[23]. Thevaluesfor
thisparameterfor everyspherecanbefoundin table6.4.

Table6.4: Input parametersfor theMCNPX input �les for thedifferentpulsedsphereexperi-
ments

Detector <FWMH> d q Detector <FWMH> d q
[shakes] [cm] [a] [shakes] [cm] [a]

01 Pilot B 0.4 765.2 30 28 Pilot B 0.4 765.2 30
02 NE213 0.4 977.2 120 29 Pilot B 0.4 765.2 30
03 Pilot B 0.4 765.2 30 30 Pilot B 0.4 765.2 30
04 Pilot B 0.4 765.2 30 31 NE213 0.3 766.0 30
05 Pilot B 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 Pilot B 0.4 765.2 30 34 NE213 0.3 975.2 120
08 Pilot B 0.4 765.2 30 35 NE213 0.3 766.0 30
09 Pilot B 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 Pilot B 0.5 754.0 30
13 NE213 0.4 975.2 120 40 Pilot B 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 Pilot B 0.5 765.2 30
17 Pilot B 0.5 763.3 30 43 Pilot B 0.5 765.2 30
18 Pilot B 0.4 765.2 30 44 Pilot B 0.6 754.0 30
19 Pilot B 0.5 754.0 30 45 Pilot B 0.6 754.0 30
20 Pilot B 0.4 765.2 30 46 Pilot B 0.4 765.0 30
21 NE213 0.4 977.2 120 47 Pilot B 0.6 752.0 30
22 Pilot B 0.4 765.2 30 48 Pilot B 0.6 752.0 30
23 Pilot B 0.4 765.2 30 49 Pilot B 0.6 752.0 30
24 Pilot B 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 Pilot B 0.4 765.2 30 54 NE213 0.3 975.4 120
27 Pilot B 0.4 765.2 30

The time of �ight spectrawerecalculatedusinga ring detectoraboutthe x-axis becausethe
MCNPX modelis symmetricalwith respectto thisaxis:

f5x:n <x> <y> 0.0
t5 <timelist>
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where<timelist> is a list of 2 ns time binsasgivenby theLLNL report[23]. <x> and<y>
arepositionparametersfor thedetector(dependingon theangleq of thedetectorwith respect
to thenegativex-axisandthedistanced of thedetectorto theorigenof thesphere):

<x> = � dcosq (6.3.1)

<y> = dsinq (6.3.2)

An overview of thesevaluesandthe typeof detectorusedfor every experimentcanbefound
in table6.4.
Becausethedetectorresponsefunctionswerenotunfoldedfrom theexperimentaldata,adetec-
tor energy (de) anddosefunction(df ) cardwereused.Thedetectorresponsefunctionsgiven
by theLANL reportwerealsotakenover for ourcalculations(they arethedetectoref�ciencies
givenin theLLNL report[23]). For thePilot B detector, this is:

de5 lin 1.6 2.0 13i 16.0
df5 lin 0.00 2.25 4.10 4.70 4.85 4.85 4.70 4.30

4.25 4.05 3.85 3.65 3.55 3.60 3.75 3.85

andfor theNE213detectorthis is:

de5 lin 1.6 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.75
3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.4 6.6 6.8 7.0
7.5 8.1 8.5 9.0 10.0 11.0 12.0 12.5 13.0
13.5 14.0 15.0 16.0

df5 lin 0.00 1.46 1.86 2.26 2.58 3.00 3.29 3.42
3.63 3.95 4.10 4.25 4.33 4.39 4.40 4.37 4.28
4.15 4.20 4.18 4.12 3.97 3.80 3.77 3.65 3.44
3.24 3.06 3.01 2.98 2.98 3.01 3.08 3.25

The experimentaldatafrom the LLNL report [23] is expressedas countsper ns per source
particle(detectedneutronsat thedetectorwhenthetargetsphereis not present).As such,the
calculatedtimeof �ight spectrummustbedividedby 2 (becauseweuse2 nstimebins) andby
thetotal numberof neutronsthatreachthedetectorwhenthetargetsphereis not present(this
requiresaseperatecalculation).
Usingthis normalisedtime of �ight spectrumwe have alsointegratedthenumberof countsin
timebinscorrespondingwith neutronenergiesof 12-16MeV and2-16MeV. Determinationof
thetime binswasbasedon thetime a particleof a givenenergy would take to travel from the
centerof thesphereto thedetectorwithoutcollision(theLLNL reportcontainsthisinformation
for every targetsphere).
Thecalculationswereall run to obtainanaccuracy of 0.1 % on thetotal value. This way, the
error in every 2 ns time bin (exceptfor the �rst few time bins) is equalto or below 1 %. In
mostcases,thiscouldbeachievedwith 20million neutronparticleswhennovariancereduction
techniqueswereused.Thecalculationtime itself variedfrom 20 min persphere(e.g. the 9Be
calculations)to 2 hours(e.g.thePbcalculations)ona3 GHzCPU.An exceptionto thisarethe
Fecalculationswhich used8 timesmoreparticlesto obtaintheproperaccuracy andabout10
hoursto complete.
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6.3.3 Benchmark Resultsand Discussion

Figures6.3 to 6.53(at theendof this chapter)give theresultsfor the51 pulsedsphereexperi-
mentsthatcanbefoundin theoriginalLLNL report[23]. For everysphere,wehavecalculated
thetimeof �ight spectrumusingthestandardMCNP(X) librariesENDF60andENDF66andall
thelibrariescontainedin ALEPH-LIB (JEF2.2,JEFF3.0,JEFF3.1,JENDL3.3andENDF/B-
VI.8). For eachexperiment,thereis anoverview graphof all resultsalongwith 7 othergraphs
for eachindividual result(makingit a lot easierto comparewith theexperimentitself). When-
ever an evaluationrequiredfor the calculationwasmissingfrom the acelibraries,the �gure
will containthetext “No resultdueto missingevaluation.”.

Lithium spheres

We startwith 8 experimentson lithium spheres(four with 6Li andanotherfour with 6Li) in
�gures 6.3to 6.10.Therearethreecon�gurationsfor theselithium spheres(with radii of 8.97,
16.52and 25.52cm) wherethe different partsare encasedin a metal cladding(68.6%Fe,
20.0%Cr, 8.4%Ni, 2.0%Si and1.0%Mn). It shouldbenotedthat thedensityof thecasing
wasratherhigh whencomparedto otherspheresthat usethe samecasingmaterial(> 9.0 g
cm� 3 comparedto theusual7.9g cm� 3). In our calculations,we have usedthosehigh values
in orderto conserve themassof thematerial.
The JEFF3.0 library is missingoneof the isotopes(60Ni) in the claddingso no resultsare
presentedfor this library (thecladdingcanhave signi�cant impacton the results,we refer to
thecaseof liquid oxygenfor anobviousexample).Fortunately, thelithium datain JEFF3.0 is
takenover in JEFF3.1sothatdifferencesbetweenbothlibrarieswouldonly bedueto different
datafor thecasingmaterials.In the6Li) graphs,wecanalsoseethattheJEFF3.1andENDF/B-
VI.8 curvesare(practically)thesame.In thiscase,thetimeof �ight spectrumis dominatedby
thelithium (contraryto theliquid oxygenspherewherethecasinghasa largerin�uence).
For the6Li spheresit is ratherdif�cult to draw aconclusion.Therearethreefamiliesof curves:
ENDF (ENDF/B-VI.8 andJEFF3.1have thesamelithium data),JENDL 3.3andJEF2.2. All
familiesseemto begoodin thetransmittedpeak.But beyondthetransmittedpeak,they tend
to separate(�rst JEF2.2andlateron JENDL3.3). In thatregion,JENDL3.3followedby JEF
2.2appearto bethebest.At theendof thetime of �ight spectrum,theJEF2.2curve joins the
ENDFcurves.And in thatregion, theJEF2.2andENDFcurvesappearto bethebest.
Thesituationis howeververydifferentfor the7Li spheres.Thecurvesfor thedifferentlibraries
arealreadya lot closerto eachother. TheJEFF3.1evaluation(takenfrom JEFF3.0which in
turn took thedatafrom anEFF2.4 evaluation)andJENDL 3.3 appearto be thebest,closely
followedby ENDF/B-VI.8 andJEF2.2(basedonanolderEFFevaluation).

The beryllium sphere

Theresultsfor aberylliumspherecanbefoundin �gure 6.11.In thiscase,it is ahollow sphere
with anouterdiameterof 12.58cmandinnerdiameterof 8 cm.
Thereareagain threedifferenttendenciesin the results:ENDF (JENDL 3.3 is very closeto
theENDF curvesalthoughthereis no relationbetweenthetwo), JEFFandJEF2.2. Fromthe
graphs,it is obvious that the JEF2.2 curve is completelyoff (by at leasta factor2). Justas
with thelithium spheres,it is notsosimply to draw ade�nite conclusionhere.Justbeyondthe
transmittedpeak,JEFF3.1appearsto bethebest.In themiddleof thetime of �ight spectrum
it appearsto beENDFwhile at theendJENDL3.3is theclosest.
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Figure6.1: Comparisonof thetime of �ight spectrumof a beryllium sphereusingtheoriginal
JEFF3.0evaluationwhere(n,2n)is countedtwice (left) andthecorrectedevaluation(right). .

As notedin chapter5, theJEFF3.0data(basedonEFF3.0mod2) hadto becorrectedbecause
NJOY addedthe(n,2n)reactiontwice. It appearsthatNJOY doesnotdistinguishbetweenmt16
(total (n,2n))andmt875to 890(thedifferentlevelsof the (n,2n)reaction).TheJEFF3.1 �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
3.0 datawasused.In this spectrum,anextra smallpeakappearsnext to the transmittedpeak
andtherestof thespectrumis increasedslightly (see�gure 6.1). This problemshows thatthe
pulsedspherescanbeveryusefulto quickly assessthequalityof a library �le.

Carbon spheres

The graphsfor the carbonspherescanbe found in �gures 6.12 to 6.17. The threetypesof
carbonspheres(with radii of 4.187,10.16and20.96cm)aresolidspheresof 99.995%carbon.
Thesecarbonspheresarevery interestingexamplessimplybecausethetransmittedpeak,elas-
tic, discreteinelasticandcontinuuminelasticregionsarequitewell separated.If we take for
instance�gure 6.16,thenthespectrumbetweenroughly160and225nsis mainly determined
by the �rst level of inelasticscattering(4.43MeV). Thesecondlevel (7.66MeV) determines
thespectrumbetween200and325ns,. . .
For thecarbonspheres,weobserve threefamiliesof curves:ENDF(beingENDF60,ENDF66,
ENDF/B-VI.8, JEFF3.0 andJEFF3.1),JEF2.2 (basedon ENDF/B-V) andJENDL 3.3. The
globalagreementbetweenthedifferentlibrariesis quitegood(it shouldbesaidthatall libraries
exceptfor JENDL3.3arebasedonENDF/Bdata).Theagreementwith themeasuredspectrum
is however thebestfor JENDL3.3.

Liquid nitr ogenspheres

The liquid nitrogenspherescanbe found in �gure 6.18 and6.19. For the nitrogenspheres,
therearetwo con�gurations.Both consistof aninnersphere�lled with liquid nitrogenthat is
placedinsideanothersphere.In betweenthespheres,thereis a vacuum.Thecompositionof
thecasingmaterialis thesameastheoneusedin the lithium spheres(exceptthat thenormal
densityof 7.9g cm� 3 is used).For the�rst con�guration,thesesphereshaveradii of 19.11and
22.55cm. For thesecondcon�gurationthis is 55.93and61.11cm.
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Liquid oxygenspheres

Theresultof theliquid oxygensphere(with a radiusof 10.50cm) canbefoundin �gure 6.20.
The con�guration of the liquid oxygensphereis similar to that of the liquid nitrogensphere
(theinnerspherehasa radiusof 10.50cmandtheouterspherehasa radiusof 11.28cm).
The agreementbetweenthe different libraries and the experimentalresultsfor the oxygen
sphereis notverygood(especiallyif wecompareit with for instancethecarbonsphereswhere
the agreementwasalmostperfect). This might (amongotherreasons)be causedby the tem-
peratureof thedatausedto calculatetime of �ight spectra(which is around300K while the
liquid nitrogenis probablya lot colder).
We alsoobserve somedifferencesbetweenthe JEFF3.1 curve andthe ENDF/B-VI.8 curve
while theoxygendatain JEFF3.1 is takenfrom ENDF/B-VI.8. Thedifferencesbetweenboth
curvesarethereforerelatedtodifferencesin thedataof thecasingmaterialsof theliquid oxygen
sphere.And aswe will seelateron for theiron spheres(see�gure 6.32to 6.37),theiron data
from JEFF3.1andENDF/B-VI.8 aredistinctlydifferent.Eitherway, theform of themeasured
spectrumis reproducedto somedegree.

Magnesiumspheres

Theresultsfor themagnesiumspherescanbefoundin �gures 6.21to 6.24.Thethreetypesof
magnesiumspheres(with radii of 8.94,16.50and25.50cm)aresolidspheresof magnesium.
All the ENDF libraries and the JEFF3.0 library are in good agreementwith the measured
spectrum.The JENDL 3.3 andJEFF3.1 dataon the otherhandshow large differencesjust
after thetransmittedpeak(correspondingto neutronenergiesof 14 to 5 MeV). After a review
of the datain question,we found that the JEFF3.0 data(only elementalMg) wasbasedon
JENDL 3.2 while the JENDL 3.3 data(the individual 24Mg, 25Mg and26Mg isotopes)were
basedon thesameJENDL 3.2 data(with a few updates.TheJEFF3.1 dataitself wassimply
takenover from JENDL3.3.
As mentionedearlier, the �rst few levelsof inelasticscatteringdeterminethepartof the time
of �ight spectrumjust after the transmittedpeak. In orderto explain thedifferencesbetween
thespectra,we comparedthedatafor the�rst levelsof inelasticscatteringof 24Mg, 25Mg and
26Mg from JEFF3.1with thoseof elementalmagnesiumfrom JEFF3.0.
Theindividual levelsof inelasticscatteringassociatedwith 24Mg, 25Mg and26Mg areall differ-
entfrom eachotherandcanall befoundin theelementalmagnesiumevaluation(anoverview
of the correspondinglevels 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.
Thesecondlevel of 24Mg (at4.1200MeV) is the18thlevel in theelementalevaluation,. . . To
transformthecrosssectionof alevel from anisotopeto thatof theelement,weneedto multiply
thecrosssectionby theisotopicabundanceof theisotope(78.99%for 24Mg, 10.00%for 25Mg
and11.01%for 26Mg). The angulardistributionsof thoseinelasticlevels do not needto be
transformed.To transformtheothercrosssections(elastic,capture,. . . ), we needto sumthe
individual isotopes'crosssectionsmultipliedby theisotopicabundances.
We foundno differencesin thecrosssections,but we did �nd differencesin theangulardistri-
butionsof the�rst two levelsof inelasticscatteringin 24Mg, (at 1.3686and4.1200MeV) and
26Mg (at 1.8087and2.9384MeV. This canbe seenin �gure 6.2, which givesthe �rst three
levels of inelasticscatteringof 24Mg comparedto the correspondinglevels in the elemental
magnesiumdata.Apart from thesedifferences,no othermajordifferenceswerefoundin other
crosssectionsthatcanbe importantfor thetime of �ight spectrum(suchaselasticscattering,
capture,(n,2n),. . . ). Thedifferencein thespectrais probablyonly causedby thedifferenceof
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a few angulardistributions. This examplealonedemonstratesthepower of thepulsedsphere
asasimplevalidationbenchmark.
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Figure6.2: Comparisonof theangulardistributionsof the�rst threeinelasticscatter-
ing levelsof 24Mg from JEFF3.1 (at 1.3686,4.1200and4.2384MeV) comparedto
thecorrespondinglevelsof elementalMg from JEFF3.0.

Aluminium spheres

Titanium spheres

Ir on spheres

Theresultsfor theiron spherescanbefoundin �gures 6.32to 6.37.Therewerethreedifferent
solid iron spheresavailable(with radii of 4.46,13.41and22.3cm).
Exceptfor theolderJEF2.2evaluationsof iron,all librariesappearto givegoodagreementwith
themeasurements.Wecanalsoseethatthecurvesobtainedfor ENDFlibrariesarehigherthan
theonesobtainedfrom JEFF3.1andJENDL 3.3 just afterthetransmittedpeak.This supports
our conclusionthat thedifferencesin the liquid oxygensphere(see�gure 6.20)arerelatedto
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differencesin datafor thecasingmaterials(theoxygendatain JEFF3.1andENDF/B-VI.8 are
thesame).For thosecurves,theENDF dataalsogave a curve above theonefrom JEFF3.1 in
theareajustbeyondthetransmittedpeak.
In generalwe cansaythat theJEFF3.1areslightly betterthantheENDF/B-VI.8 evaluations,
but thedifferenceis only minor.

Lead spheres

Light and heavy water spheres

Polyethylenespheres

Te�on spheres

Concretespheres

Theconcreteresultscanbe found in �gures 6.52and6.53. Again, thesearesolid spheresof
concrete(55.70%O, 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.
Theagreementfor thedifferentlibrariesin thecaseof theconcretesphereis astonishing,espe-
cially whenweknow thatthereare12differentelementsin thisparticularinstanceof concrete
(thereareliterally thousandsof differentpossiblecompositionsof concrete).This is however
a pulsedsphereexperimentthat doesnot give muchinformationconcerningthe nucleardata
(simply becausethe numberof materialsinvolved is too high). In order to learnsomething
from the results,the numberof materialsshouldbe assmall aspossible.Solid spheresof a
singlematerial(suchasthespheresof solidcarbon,beryllium,. . . ) arethebestway to go.
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Figure6.3: Experiment1: 6Li 0.5mfp at30degreeswith thePilot B detector.
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Figure6.4: Experiment2: 6Li 0.5mfp at120degreeswith theNE213detector.
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Figure6.5: Experiment3: 6Li 1.1mfp at30degreeswith thePilot B detector.
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Figure6.6: Experiment4: 6Li 1.6mfp at30degreeswith thePilot B detector.
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Figure6.7: Experiment5: 7Li 0.5mfp at30degreeswith thePilot B detector.
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Figure6.8: Experiment6: 7Li 0.5mfp at120degreeswith theNE213detector.
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Figure6.9: Experiment7: 7Li 1.0mfp at30degreeswith thePilot B detector.
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Figure6.10:Experiment8: 7Li 1.6mfp at30degreeswith thePilot B detector.
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Figure6.11:Experiment9: Be0.8mfp at30degreeswith thePilot B detector.
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Figure6.12:Experiment10: C 0.5mfp at30degreeswith theNE213detector.
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Figure6.13:Experiment11: C 0.5mfp at120degreeswith theNE213detector.
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Figure6.14:Experiment12: C 1.3mfp at30degreeswith theNE213detector.
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Figure6.15:Experiment13: C 1.3mfp at120degreeswith theNE213detector.
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Figure6.16:Experiment14: C 2.9mfp at30degreeswith theNE213detector.
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Figure6.17:Experiment15: C 2.9mfp at120degreeswith theNE213detector.
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Figure6.18:Experiment17: N 1.1mfp at30degreeswith thePilot B detector.
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Figure6.19:Experiment18: N 3.1mfp at30degreeswith thePilot B detector.
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Figure6.20:Experiment19: O 1.1mfp at30degreeswith thePilot B detector.
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Figure6.21:Experiment20: Mg 0.7mfp at30degreeswith thePilot B detector.
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Figure6.22:Experiment21: Mg 0.7mfp at120degreeswith theNE213detector.

91



100 150 200 250 300 350 400 450
0.0001

0.001

0.01

0.1

Neutron flight time [ns]

C
ou

nt
s 

(t
ar

ge
t i

n)
 p

er
 n

s 
/ c

ou
nt

s 
(t

ar
ge

t o
ut

) EXP 22
ENDF60
ENDF66
JEF 2.2
JEFF 3.0
JEFF 3.1
JENDL 3.3
ENDF 6.8

100 150 200 250 300 350 400 450
0.0001

0.001

0.01

0.1

Neutron flight time [ns]

C
ou

nt
s 

(t
ar

ge
t i

n)
 p

er
 n

s 
/ c

ou
nt

s 
(t

ar
ge

t o
ut

) EXP 22
ENDF60

100 150 200 250 300 350 400 450
0.0001

0.001

0.01

0.1

Neutron flight time [ns]

C
ou

nt
s 

(t
ar

ge
t i

n)
 p

er
 n

s 
/ c

ou
nt

s 
(t

ar
ge

t o
ut

) EXP 22
ENDF66

100 150 200 250 300 350 400 450
0.0001

0.001

0.01

0.1

Neutron flight time [ns]

C
ou

nt
s 

(t
ar

ge
t i

n)
 p

er
 n

s 
/ c

ou
nt

s 
(t

ar
ge

t o
ut

) EXP 22
JEF 2.2

100 150 200 250 300 350 400 450
0.0001

0.001

0.01

0.1

Neutron flight time [ns]

C
ou

nt
s 

(t
ar

ge
t i

n)
 p

er
 n

s 
/ c

ou
nt

s 
(t

ar
ge

t o
ut

) EXP 22
JEFF 3.0

100 150 200 250 300 350 400 450
0.0001

0.001

0.01

0.1

Neutron flight time [ns]

C
ou

nt
s 

(t
ar

ge
t i

n)
 p

er
 n

s 
/ c

ou
nt

s 
(t

ar
ge

t o
ut

) EXP 22
JEFF 3.1

100 150 200 250 300 350 400 450
0.0001

0.001

0.01

0.1

Neutron flight time [ns]

C
ou

nt
s 

(t
ar

ge
t i

n)
 p

er
 n

s 
/ c

ou
nt

s 
(t

ar
ge

t o
ut

) EXP 22
JENDL 3.3

100 150 200 250 300 350 400 450
0.0001

0.001

0.01

0.1

Neutron flight time [ns]

C
ou

nt
s 

(t
ar

ge
t i

n)
 p

er
 n

s 
/ c

ou
nt

s 
(t

ar
ge

t o
ut

) EXP 22
ENDF 6.8

Figure6.23:Experiment22: Mg 1.2mfp at30degreeswith thePilot B detector.
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Figure6.24:Experiment23: Mg 1.9mfp at30degreeswith thePilot B detector.
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Figure6.25:Experiment24: Al 0.9mfp at30degreeswith thePilot B detector.

94



150 200 250 300 350 400 450 500 550
0.0001

0.001

0.01

0.1

Neutron flight time [ns]

C
ou

nt
s 

(t
ar

ge
t i

n)
 p

er
 n

s 
/ c

ou
nt

s 
(t

ar
ge

t o
ut

) EXP 25
ENDF60
ENDF66
JEF 2.2
JEFF 3.0
JEFF 3.1
JENDL 3.3
ENDF 6.8

150 200 250 300 350 400 450 500 550
0.0001

0.001

0.01

0.1

Neutron flight time [ns]

C
ou

nt
s 

(t
ar

ge
t i

n)
 p

er
 n

s 
/ c

ou
nt

s 
(t

ar
ge

t o
ut

) EXP 25
ENDF60

150 200 250 300 350 400 450 500 550
0.0001

0.001

0.01

0.1

Neutron flight time [ns]

C
ou

nt
s 

(t
ar

ge
t i

n)
 p

er
 n

s 
/ c

ou
nt

s 
(t

ar
ge

t o
ut

) EXP 25
ENDF66

150 200 250 300 350 400 450 500 550
0.0001

0.001

0.01

0.1

Neutron flight time [ns]

C
ou

nt
s 

(t
ar

ge
t i

n)
 p

er
 n

s 
/ c

ou
nt

s 
(t

ar
ge

t o
ut

) EXP 25
JEF 2.2

150 200 250 300 350 400 450 500 550
0.0001

0.001

0.01

0.1

Neutron flight time [ns]

C
ou

nt
s 

(t
ar

ge
t i

n)
 p

er
 n

s 
/ c

ou
nt

s 
(t

ar
ge

t o
ut

) EXP 25
JEFF 3.0

150 200 250 300 350 400 450 500 550
0.0001

0.001

0.01

0.1

Neutron flight time [ns]

C
ou

nt
s 

(t
ar

ge
t i

n)
 p

er
 n

s 
/ c

ou
nt

s 
(t

ar
ge

t o
ut

) EXP 25
JEFF 3.1

150 200 250 300 350 400 450 500 550
0.0001

0.001

0.01

0.1

Neutron flight time [ns]

C
ou

nt
s 

(t
ar

ge
t i

n)
 p

er
 n

s 
/ c

ou
nt

s 
(t

ar
ge

t o
ut

) EXP 25
JENDL 3.3

150 200 250 300 350 400 450 500 550
0.0001

0.001

0.01

0.1

Neutron flight time [ns]

C
ou

nt
s 

(t
ar

ge
t i

n)
 p

er
 n

s 
/ c

ou
nt

s 
(t

ar
ge

t o
ut

) EXP 25
ENDF 6.8

Figure6.26:Experiment25: Al 0.9mfp at120degreeswith theNE213detector.
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Figure6.27:Experiment26: Al 1.6mfp at30degreeswith thePilot B detector.
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Figure6.28:Experiment27: Al 2.6mfp at30degreeswith thePilot B detector.
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Figure6.29:Experiment28: Ti 1.2mfp at30degreeswith thePilot B detector.
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Figure6.30:Experiment29: Ti 2.2mfp at30degreeswith thePilot B detector.
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Figure6.31:Experiment30: Ti 3.5mfp at30degreeswith thePilot B detector.
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Figure6.32:Experiment31: Fe0.9mfp at30degreeswith theNE213detector.
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Figure6.33:Experiment32: Fe0.9mfp at120degreeswith theNE213detector.
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Figure6.34:Experiment33: Fe2.9mfp at30degreeswith theNE213detector.
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Figure6.35:Experiment34: Fe2.9mfp at120degreeswith theNE213detector.
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Figure6.36:Experiment35: Fe4.8mfp at30degreeswith theNE213detector.
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Figure6.37:Experiment36: Fe4.8mfp at120degreeswith theNE213detector.
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Figure6.38:Experiment37: Pb1.4mfp at30degreeswith theNE213detector.
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Figure6.39:Experiment38: Pb1.4mfp at120degreeswith theNE213detector.
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Figure6.40:Experiment39: H2O 1.1mfp at30degreeswith thePilot B detector.
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Figure6.41:Experiment40: H2O 1.9mfp at30degreeswith thePilot B detector.
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Figure6.42:Experiment41: H2O 1.9mfp at120degreeswith theNE213detector.
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Figure6.43:Experiment42: D2O 1.2mfp at30degreeswith thePilot B detector.
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Figure6.44:Experiment43: D2O 2.1mfp at30degreeswith thePilot B detector.
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Figure6.45:Experiment44: Polyethylene0.7mfp at30degreeswith thePilot B detector.
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Figure6.46:Experiment45: Polyethylene1.6mfp at30degreeswith thePilot B detector.
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Figure6.47:Experiment46: Polyethylene3.0mfp at30degreeswith thePilot B detector.
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Figure6.48:Experiment47: Te�on 0.9mfp at30degreeswith thePilot B detector.
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Figure6.49:Experiment48: Te�on 1.8mfp at30degreeswith thePilot B detector.
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Figure6.50:Experiment49: Te�on 2.9mfp at30degreeswith thePilot B detector.
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Figure6.51:Experiment50: Te�on 2.9mfp at120degreeswith theNE213detector.
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Figure6.52:Experiment52: Concrete2.0mfp at120degreeswith theNE213detector.
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Figure6.53:Experiment54: Concrete3.8mfp at120degreeswith theNE213detector.
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6.3.4 Conclusions

6.4 GeneralConclusions
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Appendix A

Updatesto NJOY

*ident updlg1
*/ 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 up42.12

if (iprint.gt.0) write(nsyso,'(i6,1p,4e14.6)')
*d purr.2256,2258

& '' bkgd'',1p,4e14.6/'' infd'',1p,4e14.6/
& '' aver'',1p,4e14.6/'' pcsd'',0p,4f14.2/
& '' nres'',i14)')

*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,e11.3,1p,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,''p1 total'')')

*d purr.2372
write(nsyso,'(3x,1p,2e10.3,5e14.6)')

*ident updlg2
*/ Pu239 of JEF 2.2 has a problem in purr ('not enough scratch space')
*/ up104 fixes this (by increasing it to 12000), but to be sure we
*/ increase if to 50000
*d up104.5

maxscr=50000
*ident updlg3
*/ 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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