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The X6XS.OCross Section Library for MCNP-4

by

NormanL, Pruvost
RobertE. Seamen

CharlesT. Rombough*

ABSTRACT

This report documentsthe work done by X-6,HSE-6,and CTRTechnical
Servicesto produce a comprehensiveworking cross-sectionlibrary for
MCNP-4suitable for SUN workstationsand similar environments. The
resultinglibraryconsistsof a total of 436files (onefile for eachZAID). The
library is 152 Megabytesin Type 1 format and 32 Megabytesin Type2
format. Type 2 can be used when porting the libraryfrom one computer
to anotherof the samemake. Otherwise,Type 1 must be usedto ensure
portabilitybetweendifferentcomputersystems. Instructionsfor installing
the library and adding ZAIDSto it are included here. Also includedis a
descriptionof the steps necessaryto installand test version4 of MCNP.
To improvereadabilityof this report,certaincommandsand filenamesare
given in uppercaseletters. The actualcommandor fik lameon the SUN
workstation,however,mustbespecifiedin lowercaseletters.Anyquestions
regardingthe data containedin the libraryshould be directedto X-6and
any questions regardingthe installationof the library ‘Id the testingthat
was performedshould be directedto HSE-6.

●Consultantfor Los AlamosNationalLaboratory
CTRTechnicalServices,Inc.,Arlington,Texas



1. OBJECTIVE

lit~ objective for building the X6XS.Ocross.section library was tc extract :-
cor lpleteand usefullibraryfromallof the cross-sectionevaluationsavailablefrom
X-6. The criteriafor selectionof the evaluationsare given below.

2. SELECTIONCRITERIA

Of the 840 ZAIDSfor neutron cross-sectionsfound in the commonfile system
(CFS)file/076997/myredstuff/xslist(describedin Ref.3), lessthanathirdrepresent
room temperature,continuous,recentevaluateddata. Thecriteriausedto select
from this list werethe following-

2.1
2.2
2.3
2.4

2.5

2.6

2.7

2.8
2.9
2.10
2.11

No high temperatureevaluations(greaterthan 300 “K)
NO“discrete”evaluations
No “multi-group”evaluations
Takemostrecentor most“valid”evaluationfor eachnuclideas determined
by Bob Seamenof X-6. Therewere 157of these.
Add Howerton libra~ (ENDL85)for those nuclides not already using
ENDL85by criteria2.4 above (for userswantingto compareevaluations).
Therewere 5J of these.
Add “thinned”set (51C)for all nuclidesin which an availablethinnedset
wassignificantlysmal!erthanthe fullcontinuousset (foruserswho needto
reducethe memoryrequirementsfor a particularproblem). Therewere31
of these.
Add the roomtemperatureevaluationsfor the 9 matelIalsfromthe thermal
library (e.g., lwtr.Olt, poly,Olt,etc.)
Add the 94 elementsof the photon library (1000Olp, 2000.01p, etc.)
Add the 94 elementsof the electronlibrary (100G.Ole,2(J\f).Ole,etc.)
OnlyType 1 data was to be transferredfrom X-6to HSE-6
The name of the resultma Iibraw was chnsen to be the X6XS.U
Cross-SectionLibrary ‘- -

3. ORIGINOFT’ {E EVALUATIONS

After applying the selectic ~DÊ‡?rlterii’ describedabove, : total of 435 ZAIDSwere
identifiedto be ir:cludedin thu X5XS.OCrosS-SectIonLibrary. Theoriginof these
evaluation- is described in F:..fs, 3, 4, 5, and 6. IIJshort, the data came from.
existingC[ 3cross secticnfiles1,$ahtairlodby X-6. Allof the datawere il”ansferrec
in Type 1 forr ‘It amI Cdll ? over as 7 large files on a SUN l/4-inch tape AlSC
includ~4on the tapewasa rv .Ixs jIR file (calledXSOIRCTI)with the inforl”llation
needed(ocxtra~ the c ~ss-sectior,datafrorl~the 7 fl:es. A 436th2/410,6000.50c,
was 1.ft off ? original list becalISC !; data i. the satne as for (XII2,50c. It was
addec later, ~owever,for the conveni~~ceof tho~e wh~~want 10 use natural
carbol as a ,nateri id (s.~eSe xion 4.37). Please note that 600050c and
6012.5(c k the @ case in which :WOZAIC)Sconsistof the san:edata, Mostof
the chrorwlogy(livenin Sac&ion4 refersto435ZAIOSbut thereaie 436ZAIDSthat
ended o I the “’vary.

—.— — --
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4. CHRONOLOGYOF EVENTSAND“TES”IINGPERFORMED

Followingisa chronologyof the sequencec)feventsandteststhatwereperformed
on the data that was receivedfrom X-6.

4.1

4.2

43

4.4

4.5

Thecross-sectiondata to be used for the X6XS.Olibrarywas gattIeredby
X-6 into th~ 8 CFSuandard text files describedbelow -

/090895/yellows 52 ZAIDSidentifiedas “most useful”
/090895/bla~ks 105ZAIDSidentifiedas “maybe needed”
/090895/thins 31 “meaningfulthinned”sets
/090895/endM5ts 50 additional evaluationsfrom the Howedon

lib ary
/x6xs/stext/tmccss 9 materialsfrom the thermallibrary
/x6xs/stext/mcplibs 94 photon sets
/x6xs/stext/els 94 electronsets
/0J0895/xsdircts xsdir for Ihe 435ZAIDS

Afterconvertingto nativetext formaton theX-6SUNLANand replacingthe
“s”at the end of eachfilenamswitha”1”, X-6prepareda SUN1/4-inchtape
containingme abovefiles.

“fhetape was copied to a sub-directoryon MAYNARD,the SUNcomputer
in HSE-6that wasto be usedas the test bed for the )%XS.OCross-Section
Library. MAYNARDhas 56 Megabytesof memory,over 1,000Megabytes
of disk storage,and a CPUspeedabout one-quarterthat of a CRAYXMP.

It was decided that the closs-stxtion evaluationfor each ZAIDshould be
storedas a separatefile,with the filenamebeing the ZAIDitselfappended
wiih Ll ! {tora Type 1file)or a 2 (for a l“ype 2 file). Thelibrary ~ould then
consistof 435separatefile.j in a sub-directo~. Addingand deletingZIUDS
couldthenbe accomplishedb)”addirq anddeletingfilesand changirlbthe
XSl)lRfileaccoldingiy. Thenamingconventionconsistsof a fivecharacter
ZA (Z*1OOOplus the nearest integer to tbe atomic weight), a period, 3
characters indicating the evaluationfor the nuclide, and a type 1 or 2
identifierfor a total of 10 characters. NOTE: This namingconventionwill
not work under CTSSbecauseall filenamesare Ii,nitedto 8 characters. If
the X6)(S.Olibrarywere to be installedon CTSS,then a differentnaming
conventionwould haveto be used. No other operatingsystemis known
to havethis limitation,

TheprogramMAKEXSFwasusedto manipulatethe cross-sectionfilesand
was obtained frort. X-6. The version obtained was
/x6code/auxcodes/makxsf9on CFS. Alsoobtainedwasthe pre-processor
code, PRPR.Theversionobtainedwas/x6code/auxcodes/prpr9.Thefiles
were obtainedas local fileson a CRAYmachineand then downloadedto
MAYNARDusing KERMIT,
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4..6 To createan executableversionof MAKEXSFon MAYNARD,the following

4.7

4.&

4.9

4.10

procedurewas used -

4.6.1 Itenameprpr9 to prpr.f
4.&..2 Compileprpr.f using the SUN Fmtran Compiler,F77 to createan

executablefile PRPR
4.6.3 Renamemakxsfflto codef
4.6.4 Createa oatch file consistingof 1 line -‘ *definecheap
4.6.5 Execute PHPRto create a tjle calledcompilf
4.6.6 Renamecompileto lnakexs.f
4.6.7 Cmmp\\emakws.t to create i~\~ executableti\eMAKEXS

Several tests were c~(JfIeushg MAKEXSto check that everythingwas
working prc.,)erly. A descriptionof the input requiredfor MAKEXScan be
found in t~lefile MAKXSF9.Ihe inpld must be on a fileca//edSPECS.

A SPECSfile was created for each of the 7 large files to “break up” the
cross-section information incll]ded on the file into individual files (see
section 4.4). ihe SPECSfilesthat wore used canbe found on MAYNARD
in the directory /usr/ctr/specs. SPECStiles were created to make both
Type 1 filesand Type2 files from the sameoriginallarge file.

During testing with MAKEXS,it was discovered that severalof the files
obtainedfromX-6werecorruptedin someway (MAKEXSwouldencounter
unanticipatedread errors). Aftercheckingwith X-6,it was verifiedthat the
files had not gone through the NTEXTprocedurecleanly. The fileswere
then remade using CTOU (a utility to convert CRAYnativetext to UNIX
nativetext) and a new SUN l/4-inch tape was writtenusing the X-6 IAN.
The remadefileswerecheckedand found to be clean(i.e.,no errorswere
encounteredusing MAKEXSon the files). Also, the sizesof the resulting
files on MAYNARDwere comparedwith the file sizesshown by CFSand
they were the same (thiswas not the case before).

Using the remadefiles, individualType 1 and individualType2 files were
created usingthe appropriateSPECSinput files.

5
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4.11 It was decidedthat ccjmmentsneededto be includsd for 21 of the ZAIDS
since these evaluationshad limitationsof one kind or another. These
comments would appear on the MCNP-4 output (in the header c)f
Table 100) whenever these particular ZAIDS were requested. The
commentswere preparedby R. E. Seamenand R.C. Littleof X-6and are
documentedin Ref.4. Thecommentswere incorporatedby modifyingthe
second line of the Type 1 file for the ZAIDof interest. The ZAIDSand the
commentsare given below.

21045.55C
35079.55C
35081o55c
36082.59c
36083.59c
36084.59c
36086.59c
37085.55c
37087.55c
53127.55c
55133.55C
64152.55c
64154.55c
6415555c
64156,55c
64157,55c
641q/ls6!iC
64160.55c
69169.55c
77000.55C
91231.50c

based on nuclearmodelcalcs in group t-2; valid up to 5 mevonly
incompletefiss prod eval; iso ang dists, no phot prod, no heating
incompletefiss prod eval; iso ang dists, no phot prod, no heating
endf/b-vmat=l 332with rough phot prod from group t-2
endf/b-vmat=l 333with rcugh phot prod from graup &2
endf/b-vmat=1334with rough phot prod from group t-2
endf/b-vmat=103Swith rough phot prod from group t-2
incompletefiss prod eval; iso ang dists, no phot prod, no heating
incompletefiss prod eval; iso ang dists, no phot prod, no heating
incompletefiss prod eval; iso ang dists, nc$phot prod, no heating
mat=l 355,endf/b-vtape 510, no phot prod
photprod addedtoendf/b-v;notgood above1mev;heatingnotgood
photprodaddedto endf/b-v;rlotgood above1mev;twatingnotgood
photprodadoedto endf/b-v;notgooo above1mev;heatingndgcmd
photprodaddedtoendf/b-v;notgood above1rnev;heatingnotgood
photprodaddedtoendf/1~-v;notgood above1mev;heatingnotgood
photprodaddedtc endf/b-v;notgood above1mev;heatingnotgood
photprodaddedto endf/b-v;notgood above1mev;heatingnotgood
specialfile createdby r, c. little - use with caution
specialfile createdby r. c. little - use with caution
specialfile createdby r. c, little - use with caution

4,12

4.13

It turned out that the headerfor 20 of these21 filescontainedunreadable
charactersand this was the sourco of the problem with ti)e STEXTand
NTEXTutilities.Theheadersfor allctftheotherfileswerescannedandonly
one other file had unreadablecharacters:96245.52c, For this file, the
characterswere removedand replacedwith blanks.

X-6 noted that the electron cross-%~tionGetcould not be ccnverted to
Type 2 becauseof a Iimitdion in the MAKEXSFprogram (theelectrondata
is read into MCNP-4in double-precsion formatversussing!eprecisionfor
the neutron,photon, and thermalcross-sections). John Hendricksof X-6
removedthis limitationand prepar~da newerversionof MAKFXSF,The
new file was obtainedfrom CFSas /x6code/auxcodes/smakxsf(standard
text format). The tile was convertedto nativetext using N1”EXTand ;h@n
re-compiledusing the procedure Clescribedabove in 4.6. Th,; electron
library could then be convertedto Type 2 as long as the SPECSfile for
electronsspecified256entriesper record insteadof 512entriespar record
for the neutronand photon data,



4.14

4.15

4.16

4.17

4.18

4.19

To check whether the Typo2 files cfeated from the originalTypo 1 fi19s
were reproducingthe originaldata,MAKEXSwas used to createa Type 1
file from the Type2 file. The resultingType 1file could then be compared
to the original Type 1 file. Unfortunately,the original Type 1 data is
recorded in double precisionon the file (i.e.,15decimalplaces)and since
MAKEXSusessingleprecisicn(7 decimalplaces)to processthe data into
Type2, the two fileswill alwaysdifferin the insignificantplaces. Therefore,
a program was writtento compareonly a specifiednumberof significant
digits of eachentry in a MAKEXSTyoe 1 file to the correspondingentryin
the originalType 1 file. Thi9~programis calledcomprx2.fandcall be found
on MAYNARDin the sub-directory/home/maynard/ctr/bat.Aftercompiling
and running this program, it was determinedthat all ot the Type2 files
reproducedthe Type 1 data to 7 decima!places.

Afterall 4357AIDswereconvertedinto individualType1filesandindividual
Type 2 files,a SPECSfilewascreatedto convertthe individualType 1filas
into individualType 2 files. The planwasto comparetheseType2 filesto
the sameType 2 filesthat were createdfrom the originallargefiles. If the
comparisonshowedno difference,this would increaseconfidencethat all
of the Type 1 and Type 2 fileswerevalid.

Althoughsomeof the Type2 filesdescribedabovewereidentica!,manyof
the Type 2 filescreatedfrom the individualType 1 files did not match?he
Type2 files createdfrom the originallargefiles from X-6. Sincea Type2
file is h binaryformat “!couldnot be determinedwherethe differencewas.
So a furthertestwas uevised. UsingMAKEXS,eachof the differentTypo2
fileswasconvertedback to Type 1 andthe resultingType 1fileswerethen
compared. Theywereexactlythe same(bytefor byte) Thiswasdoneon
severalof the differentType2 filesand eachtime,tha resultingType 1files
wereexactlythe same, So whateverthe differencewas, it did not seemto
dfect the numbers,

Version4.le of MCNPwas obtainedon a SUN l/4-inch tape fromX-6and
installedon MAYNARD.Also obtained were 25 test casesthat could be
usedto verifythat MCNP-4wasworkingproperly. Thesourcefilescanbe
found wider /hcme/may-nard/ctr/mcnpv4/srcand the standard test files
under /home/maynard/ctr/mcnpv4/test.

Detailsregalding the installationand executionof hfCNP-4can be found in
Section7.

k ~a~ discoveredthat the locationof the cross-sectionfiles could not be
passedto MCNP-4usingthe first Iinooftho XSDIRfile. Instead,local“links”
to everycross-sectionfile hadto be ~stablishedbeforeMCNP-4could find
them. A changeto MCNP-4to correctthiswasmadelaterandnowthefirst
line of the XSDIRfile can point to the locationof the cross-sectionfiles.



4.20

4.21

4.22

4,23

4.24

4.25

Asa firstpass,the25testproblemsthatcamewithMCNP-4wererunusing
the X6XS.Ocross-sectionlibrary (usingthe executablefile that was on the
tape). 9 of the 25 problems executed with no differences. 16 of the
problemswould not run becausea ZAIDor ZAIDSrequestedin the input
for the test problemwas not in the X6XS.Ocross-sectionlibrary. Thefact
that 9 of the problemsgaveidenticalresults,i’~owever,providedadditional
confidencethat the transferof data from CFSto MAYNARDwas sound.

A cross-sectionlibrary that would work for all 25 standard test problems
wasobtainedfromX-6andcopiedto MAYNARD.Thelibrarywasin Type2
format and was about 45 Megabytesin size. All 25 test problemswere
re-run using this library and there were no differences in any of the
problems. Thisshowedthat the executablecopy of MCNP-4wasworking
properly.

Severalchangeswere madeto the MCNP-4code to changethe valueof
MDASand to add a patch to read the locationof the cross-sectionfiles
from the XSDIRfile, Thecode was then re-compiledon MAYNARD.After
re-compilation,the25standardtestproblemswerere-1unandfoundto give
the same resultsas before. This provided confidencethat re-compilation
of MCNP-4on the SUNintroducedno errors. [Thisis true only for version
1.2of the SUN FORTRANcompiler. SeeSection4.46]

ToverifytheX6XS.Ocross-sectionlibra~, aseriesof MCNP-4testproblems
was developedto exerciseeach ZAIDin the library. Most test problems
consistedof 10concentricsphereswitheachlayerof the sphereconsisting
of a differentmaterial(asingleZAID). 10ZAIDScould then be exercisedin
eachproblem. Thefollowingnumberingschemefor the test problemswas
used -

1-25 25 problemssimilarto the “standard”25 (see4,24below)
26-30 reservedfor future problems
31-54 24 problemsto test eachof the 238 neutronevaluaticms
55 a Problemto test the 9 thermalevaluations
56-65 10 problemsto test the 94 photon sem
66-75 10 problemsto test the 94 electronsets

Problems 1-25 were patterned after the 25 “standard” MCNP4 test
problems that were provided with MCNP-4. These 25 prob!s,T:, were
modified,however,so that the X6XS.Ocross-sectionlibrarycould be used.
The most common change was to eliminateall requests far ‘discrete”
evaluationssince there are no discrete evaluationsin the X6XS.Olibrary.
Otherchangesreplaceda ZAIDthat did not exist in the X6XS.Olibrarywith
a ZAIDthat did exist. For example,7014.51cwas replacedwith 7014.50c.

Problems40, 42, 43, and 44 did not run bscause8 of the nuc!idesin the
X6XS.Olibrary did not have a correspondingentry in the atomic weight
table at the beginningof the XSDIRfile.

8



4.26 Inputfor the above4 probiemswere modifiedto includethe AWTABcard
for the nuclidesthat had missingatomicweight ratios. Theatomicweight
ratio was estimatedby using linear interpolationbetweenisotopesor by
using the weight ratio of a neighboring nuclide that had the same
A number. The problemsthen ran successfully. Atomicweight ratiosfor
these8 nuclideswereprovidedlaterby X-6(Ref.7) andweresubsequently
incorporatedinto the atomicweighttable of the XSDIRfile. The8 nuclides
and the atomicweightratiosusedon theAWTABcardfor thetestproblems
and the valuessubsequentlyprovidedby X-6 are givenbelow-

2A AWTABCard X-6 (Ref.7)

44103
45105
60147
61147
61148
61149
62151
63155

1020020880
104.003885
145.652940
145,652830
146.644165
147.637915
149.622040
153.593870

102.022302
104.004489
145.654023
145.653069
146.646787
147.639055
149.623460
153.592023

4.27 The atomic weight ratios in the table in the first section of the XSDIRfile
were compared to the ratios calculatedfrom data in the 14th Editionof
“Nuclidesand Isotopes,”GE NuclearEnergy (1989)(Ref.1). Differences
were found in the atomicweight ratio for severalnaturalelements. These
differencesweresubsequentlyinvestigatedby X-6(Ref.8). It turnsout that
the valuesfor the atomicweightsof most naturalelementswere reported
in Ref.1 to only 5 or 6 significantdigits eventhough the valuescould be
calculatedto manymoredigitsusingthe isotopicabundancesand isotopic
weightsfrom the samereference. The reportingof fewerdigitswas done
intentionallyby the authorsof Ref.1 becausethe isotopicabundancesare
not known as preciselyas the atomic weights and can in fact vary from
place to place on the earth. When the atomic weights for the natural
elementswere re-calculatedusing the isotopic aburldancesand isotopic
weightsreportedin Ref.1,therewereessentiallyno differencesandwecan
concludethat the valuesfor the atomicweightratiosgivenin theXSDIRfile
are accurate. For those who want to calculate the number densities
directly,a listof the atomicweightsand ratiosfor the nuclidesin theX6XS.O
library is given in Section5.

4.2B The value of Avogadro’snumber (dividedby the neutron mass) used in
MCNP-4does not agreewith the most recentdata. Thevalueusingdata
from Ref.1 is .59704037(.60221367/1.008664904)and Ref.8 suggestsa
valueof .59704034(.60221367/ 1.008664967)whilethe valuebeing used
in MCNP-4is .59703109(comdeckZC.31).Usingthe MCNP-4numberwill
resultin slightlyinaccuratecalculationsof the numberdensitywheneverthe
user inputs mass density for the materials. An option for the user to be
able to input this numbershould be added to MCNP-4.

9



4,29

4.30

4.31

4.32

4.33

The electron problems (66-75)would not run because MCNP-4would
report an inva!idlibrary (i.e.,1000.Olewaadeclaredinvalid). Whenthe “e”
on the end of the ZAIDwaseliminated,the errorwasavoidod(i.e.,1001.01
is “valid”). MCNP-4acceptsa “p” for the photonlibrarybut doesnot accept
an “e” for the electron libra~. The input for problems 66-75 had to be
revisedto eliminatethe trailing“e” in the materialdescriptions.

After making the above change, problem 66 executed (although verj
slowly)but problems67-75wouldnot rm becausethepartic;eskeptgc4ting
“lost” and MCNP-4would repofl a geometryerror. Appare,Ay there !s a
minor bug in thq MCNP-4code and it is being fixed. Meanwhile,the
electron problems are being deferred. [The bug has been correctad in
Version4.2]

Examinationof the XSDIRCT1file that was providedfrom X-6showedthat
the photonand electronentriesincludedatomicweightratiosfor a number
of isotopesof each Z, This informationwas not present for the neutfon
entries,Also,afterbeingprocessedby MAKEXS,theelectronentrieswould
“lose”this informationon the resultingnewXSDIRfile. Thiswas broughtto
the attentionof X-6and theysaidthatthe informationwasnot needed. The
extra informationwas eliminatedfrom the XSDIRfile and all of the photon
problems (56-65)were re-run. The results were identicalto tt’ie results
obtainedbeforeandso it appearsthat the extrainformationwasindeednot
necessary.

After successfullyrunning 60 test problems (l-25 and 31-65) with the
X6XS.Olibra~ in Type 2 form: , the 60 problems were re-run with the
X6XS.Olibrary in Type 1 format. All resultswere identical. This provides
furtherconfidencethatthedata isvalidandthat theconversionfromType 1
formattc Type2 formatwas accurate.

It was noted by X-6 in Refs,5 and 6 that 68 of the 436 evaluationson the
X6XS.Ocross-sectionlibrarycannotbedistributedindiscriminatelyto others.
Refs.5 and 6 providedetailsregardingthis issueand an appropriatenote
hasbeenadded to the “comments”columnof the listsfound in Section12.
A list of the 66 ZAIDSsubject to limiteddistributionis provided in Table 1
below. Exceptfor these66 evaluations,all of the cross-sectionevaluations
includedin the X6XS.Olibrarycan be distributedwithout restriction.

.
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Table 1. Listof ZAIDSin X6XS.OSubjectto LimitedDistribution

7014.50C
001tk50c

11023.50c
12000.50C
14000050C
15031.500
16032,50c
17000.50C
19000.50C
20000.50c
22000.50C
23000.50c
27059.50c
31000050C
3S078.50C
36080.50c
40000050C
41093.50C
42000.50c
43099,50C
45103.50C
’47107.50C
47109500
54131.50C
54135.50C
62149.50c
63152.500
63154.50c
72000.50c
73181.50c
83209.50c
90232.50c
91233.50c
92233.500
92234.500
92236.50c
94236.50c
94240.50c
94241.50c
94242.50c
95241.50c
95242.50c
95243.50c
96244.50c
96245.52c

12000.51c
14000.51C

20000.51c
22000.51C

27059.51c

40000,51c
41093.51G
42000.51C

63152.51c
63154.51c

73181.51c

90232.51C
91233.51c
92233051C
92234.51c
92236.51c
94238.51C
94240.51c
94241.51c
94242.51C
95241.51c

95243.51C
96244.51c
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4.34 Itwassuggestedthat perhapsa sub-sotof the X6XS.Ocross-sgctionlibrary
was needed to reduce the size of tho library and yet be able to handle
nearlyall of the problems. The criteriafor eliminatingZAIDSfor use in the
smallerlibra~ were the following-

4.34.1 Eliminatethe Howertonevaluationsfor nuclidesthat alreadyhad a
valid, more recentevaluation(50ZAIDS)

4.34.2 Eliminateall the “thinned”sets (31ZAIDS)

4.34.3 Eliminatenuclidesthat arerare in natureand areotherwisenotvery
useful (a judgementcall) (30ZAIDS)

4.35 This resulted in 111 ZAIDS~hatcould be eliminated from the X6XS.O
cross-sectionlibrarywtthoutsignificantlyreducingits usefulness.Thesize
of the smallerlibrary in Type 2 format would be 22 Megabytesversus 32
Megabytesfor the X6XS.Olibrarysaving 10 Megabytesof disk space.

4.36 Aftersomethought and much agony, it was decidedthat it would be very
inefficientto Imaintaintwo separate (ibraries(the X6XS.Olibrary plus the
smaller library). For example,whenever an evaluationwas added or
de!eted,it wouldhaveto be donefor both libraries,essentiallydoublingthe ~
work required. Instead,a single library would be maintained(calledthe
X6XS.Olibrary)alongwith a list of “rarelyused”ZAIDS.This list is given in
Table2 on page 13. Userswho needthe disk spacecan simplyeliminate
files (andZAIDS)of their cho’ce.

4.37 After running some of the test problems, it was found that the ZAID
6000.50chad not been includedin the X6XS.Olibrarybecauseit usesthe
same data as 6012.50c. Since natural carbon is frequently used as a
materialidentifier,we decided to add it to the X6XS.Olibrary. This also
gaveus experiencein addingfilesto the library. Basedon this experience,
awrite-upwaspreparedon howto add ZAIDStc the library(seeSection6).
Thedatafor 6000.50cwas obtainedfromthe CFSfiles/x6xs/ctss/l/rmccsl
and /x6xs/ctss/l/xsdirl. To exercisethe data, the ZAIDwas added to the
input for test problem 54 and it was re-runwith no errors.



Table2. List of ZAIDSon the X6XS.OLibraryThat May RarelyBe Used

1003.35C
5011.35C
6012.35c
8016.35c
9019.35C

11023.35c
12000.35c
12000.51C
13027.35c
14000.35C
14000.51C
15031.35C
16032.35c
17000.35C
190C0035C
20000.35c
20000.51C
22000.35C
22000.51c
24090.35c
24000.51c
25055.35c
25055.51C
26000.35c
27059.35c
27059.51C
28000.51c
28058.35c
29000.35C
31OOO.35C
33074.35C
39088.35c
40000.35C
40000.51c
40093.50C
41093.35C
41093.51C
42000.35C
42000.51C
42095.50C

43099.50C
44101.500
44103050C
45105.5OC
46105.50c
46108.5OC
47107.35C
47109.35C
48000.35c
48000.51c
54131.50C
54134.350
54135.50C
56138.50c
56138.35c
60143.50c
60145.50c
6014750c
60148.50c
61147.50c
61148.50c
61149.500
62147.50c
62149.50c
62150.50c
62151.50c
62152.50c
63152.50c
63152.51c
63154.50C
63154.51C
63155.50C
72000.35c
73181.35c
73181.51c
79197.35C
82000.35c
83209.35c
80232.35c
80232.51c

:]1 233.3=

!N233.51c
92233.35C
92233.51c
92234.350
92234.51c
92235.51c
92236.35C
92236.51c
92237.35C
92237.51C
92238.35c
92238.51C
93237.35c
94238.35c
94238.51C
94240.51C
94241.35c
94241.51C
94242.35c
94242.51c
95241.35c
95241.51c
95242.35c
95243.35c
95243.51c
96242.35c
96242.51C
96244.35c
96244.51c
96245.35c
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4.38

4.39

4.40

4.41

The value of MDASu 3 compilationof MCNP-4determineshow
large a problem car m and how many simultaneous MCNP-4
processescan be run, I ~ ..e. For MAYNARD,with56 Megabytesof main
memory, if we wanted tU have two MCNP-4processes running in main
memoryat once,howlargecouldMDASbe? Severaltestswereperformed
and it was found that the amount of memory required to load and run
MCNP-4was8.9Megabytesplus4 timesthe valueof MDAS. Forexample,
with MDAS set to 1 million words, the memory requirement was
12.9Megabytes.For5 millionwords,the requirementwas28,9Megabytes.
Sincetwo5 millionword MCNP-4sessionswouldexceedthe 56Megabytes
of main memory in MAYNARD,it was decided that a value of 4 million
wordsshouldbe usedfor MAYNARD.Fora problemwithtenZAIDShaving
verylargefilesizes,an MDASvalueof 4 millionwords allowsat least80,000
particles per cycle to be stored in memory before having to write
informationto the disk.

Severalmembfxs in HSE-6havemachinesthat haveonly 8 Megabytesof
memory (versusthe 56 Megabytesin MAYNARD).With disk swapping,
however,largeprogramssuchas MCNP-4can stillbe run. Forthe smaller
machines,an MDASvalue of 1 million words was tried (requiring 12.9
Megabytes)but it was found that 11 of the test problemswould not run
becauseMDASwastoo small. MDASwas~henchangedto 2 millionwords
(requiring 16.9 Megabytes) and all problems ran successfully. It is
noteworthythat therewas littlea no degradationof performancein using
the largerMDAS.TheSUNoperatingsystemis intelligentenoughto’’swap”
only when absolutely necessaryand it appeared that all of the major
calculationswere being performedwithoutany disk swappingat all.

Duringsomeof the testing,it wasnotedthat MAYNARDbecameveryslow.
Investigationshowedthatseveralprocesses(identifiedby the lettersNFSD,
networkfile semerdaemon)wer6 using over 50°Aof the CPUtime. Don
Shirk was called in to see if he rememberedseeing that before. He
suggestedthat the remoteterminal,JOSIE,be powered down and then
powereci up again. This fixed the problem. Apparently, JOSIE had
undergone an ungraceful exit at some point and the file server was
repeatedlytrying to send data packetsto JOSIE.

Afterthe abovetests were carriedout on the SUNworkstationsin HSE-6,
the Type 1 crosssectionswerewrittento a l/4-inch tape and the tapewas
read by Bob Ryan in C-9 onto his SUN computer. The files were then
convertedto standard text format (using STEXT)and transferredto the
commonfile system (CFS). Thefiles are currentlystored there under the
node /ctr/typel. The files are named SZZAAA.EVL1where S stands for
“standardtext” file,ZZAAAis the 2A for the nuclide,EVLis the three letter
evaluation(50c, (p, etc.) and 1 standsfor Type 1 file.

14



4,42 The test files used for the SUNwere also transferredto CFS in standard
text format and are located in the nodo /ctdtestmcnp. The source files
used can be found in the node jctr/mcnpsrc.

4.A3 The original CFS files that were used to create the X6XS.Olibra~ (see
Section 4.1) were copied to a temporary disk on the CRAY UNICOS
machine. Thefileswere convertedto nativetext formatusin~NTEXTand
MAKEXSwas used to create individual Type 1 files for each ZAID.
Problemswere encounteredsimilarto that described in Section4.9. The
CFSfiles/090895/blackl and /c)90895/yellowlwerethen obtainedand the
utilityCTOUwas used to convertfrom CRAYnativetext to UNICOSnative
text. MAKEXSwasthenableto createindividualType 1filesfor eachZAID.

4.44 All of the Type 1 files stored under the node /~r/typel were then
transferredto the CRAYUNICOSmachineand convertedto nativetext
format using NTEXT.Thefileswere then comparedto the filescreatedin
step 4.43. All but 22 of the files were identical. The 22 files that were
differentwerethe oneswhoseheaderhad beenaltered(seeSections4.11
and 4.12), Althoughthe headerswere different,the datawas the samein
these22files. Thisfinalcomparisonhasdemonstratedconclusivelythatthe
cross-sectiondata sets in the X6XS.Olibraryon the SUNworkstationare
identicalto those in the originalCFSfiles from X-6.

4.45 A write-up was prepared on how to install MCNP-4and the X6XS.O
cross-section library on a SUN workstation and the procedure was
improvedaftertestingit on two of the workstationsin HSE-6.Thiswrite-up
can be found in Section7.

4.46 The MCNP-4sourcewas transferredto the SUNcomputermaintainedby
StuartVessardof HSE-6.Afterre-compilationwithversion1.3.1of theSUN
Fortrancompiler,executionerrors (segmentationfaults)wereencountered.

., Stuartthe~ implementeda SUNpatch for 1.3.1and re-compiledthe code.
All of thp test problems ran successfully except problem 25. An
unexpected end of record was encountered in reading the restart file
(unit42). Other test problems using a restart file had run successfully.
Since problem25 ran successfullywhen the code was compiled with
version 1,2 on MAYNARD,there appears to be a problem in the newer
compiler, This requiresfurther investigation.

4.47 After the Type 1 cross-sectionswere transferredto CFS in standardtext
forma!,they wereported to the P-15VAXcomputerby Bob Horning. Bob
also obtained Version4.2 of MCNPand the most recentversionsof the
PRPRand MAKEXSFprograms.
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4,48

4,49

4.50

4.51

4.52

4.53

4,54

PRPRwas compiledon the VAXand then run on the MCNPVersion4.2
sourcecode. The MCNPcompilefile was then compded. An unreadable
character was encountered at the end of the compile file. When this
characterwas removed,MCNPcompiladwith no erro-s. Tb unreadable
characteralso appeared after running PRPRon MAKEXSF.Apparently,
somethingis wrong when PRPRwrites the compilefile [mder \’lMS.

Aftercompiiing,MCNP-4couldnotfindthe locationof thecross-sectionfiles
because MCNP-4appends a slash (/) at the end of the user-defined
directorybeforeappendingthe filename(statementscor4-2.124,127,164,
and 166), Unfortunately,VAXVMSuses a rigilt bracket (]) to delimit the
diremoryhorn the filenameinstead of a slash. MCNP04needs a define
directivethat removosthe appendedslashwhen cump’lingunder VMS.

After re-compiiing with the above correction, the first test case ran
successfullyand providedconfidencethat the transferof filusfron- CFSto
the VAX was valid. The remaining test ~robims t ~ve \ qt to ae run
becausethe commandiineoptions would :“mtwork cottmtly (seebelow).

Forthe commandlineoptionsto work u~lderWAS(suchassbtting‘L,Ieinput
and output filenames),the code must be comp”ledirl upper~;asear’d the
data files must be in uppercase. C)lllenhfhe. a corrplicat~:~collimand line
processormustbe developedto properly;rwwpretevwythmg tfthe whole
sourceis convertedto uppercase,however,ti @fdlo~i ng mus:be inciuded
in the PATCHfile so thal MCNP-4can read lower-caseexponents 3S
reguiarnumbers-

*D COR4.20250°IJNE31397
*I
‘/ CONVERTUPPER-CASEE ANOD RACKT() LOWERCASE(vMS)
*I
IH=INDEX(’0123456789.+-edED’,HD(lP:lPJ)

A write-upwas preparedon how to mcdify the source code for MCNP-4
and to re-compileit on a SUNworkstation. See Section8.

A write-upwas prepared on how to installMCNP-4and load the X6XS.O
cross-sectionlibrary in Type 1 format on a non-SUNCompum ~ystem.
Includedin the write-upare instructionsfor convertingttle Type I files to
Type2 files to savedisk space. Thiswrite-upcan be found in % (ion9.

Based on our experience in running MCNP-4and Installingthe X6XS.O
cross-sectioniibrary,we haveprepa~:eda iibl of potentialimp~ovamentsto
MCNP-4that could be made in a future release. SeeSection 10.

Thiscompletesthe chronologyof eventsas of March27, 1991in preparingand
testingthe )(6)(S.0libraryand MCNP-4on the SUNand VAXpiatfolms.
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5. A?JMIC WEIGHTSA1404TOMICvVFIGHTFiA”HOS

Tabl,. q below giv~r ~he .. :ornk t~eightsand atomk weight rat;% fOr the 158
nuclid~, I r VVI Ii:’1 I t; Itire existsa r lfiutron evaluationirl the >’!.)(S.0Iibr;” .I Theatomic
,,,liqht wasobtainedby mu{t@lyi: ,g L ? atomicweightratioo;*’?:Ion the ) “;DIRfileby the
md,{; :,f the Ieutrnn 1.008664967 (St ‘ ~ef 2 for i~ Nw .~ion of thi? source of the
atomicv..?ight ratws). Usingthis tableat I., / oyudro’s numbc. = 6,02204345x 1023,the
~,-~r should be able to rcll-11o~uce the num ‘r rtt?ns,tie:~h;’it Wol.dd bE’ calculatedby
MGNIJ-+ pleas@not~ ..iat this va;ue Of ~’.~~g~-lJ’s n!.~mberis llc)t t!ie mbd recent
recommend” t v:kw but is the /alue bc;lg use~ in MCNIY4 (see .%%tion4,28). The
ate i- ~‘Igr]t is reported tc J places ,.~astthe decim,>lp >intonly UJensurenumerical
-~~roducibilityof the m. ! I, e; densitiesand atmnicweig!it r~iiosthatarepivento 6 places

past the de( n:il I~oilit. The extrz~placesdo not haveany physicalsig;lficance.

I Table3. AtomicWeightsand AtomicWeiglu Ratiosfor tl ~øpX6XS.OLiblary

Element

Hyf!Iugen

Helium

Lit;lium

Carbon

Nitrogen

Oxygen

FluoritI(I

Sodium

symbol

H

He

Li

Be

B

c

N

o

F

Na

1001

1002
1003

2003
2004

3006
3007

4009

5010
5011

6000
6012
6013

7014
7015

8016

9019

11023

1.00782475
2.0141 0221
3.01604946

3.01602929
4.00260349

6.0151 2310
7.01600420

9.0121 8243

10.01293845
11.00930578

12.01103718
12.00000037
13,00335471

14.0030 7383
15000010889

15,9949 1480

18.99840336

22.98976931

“?e;ght Ratio

0. 99?1 67
1.9968 (JO
2.9801 40

2.9901 20
3.9632 19

5.963450
6.955733

8.934763

9.926922
10.914730

11.907856
11.8969 14
120891649

13.882780
14,871250

15.8575 10

18.8351 97

22.792275
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Element

Magnesium

Aluminum

Silicon

Phosphorus

Sulfur

Chlorine

Argon

Potassium

Calcium

Scandium

Titanium

Vanadium

Chromium

Manganese

Iron

Cobalt

Nickel

Copper

Gallium

Arsenic

Bromine

Symbol

Mg

Al

Si

P

s

c1

Ar

K

Ca

Sc

Ti

v

Cr

Mn

Fe

co

Ni

Cu

Ga

As

Br

2A

12000

13027

14000

15031

16032

17000

1WOO

19000

20000

21045

22000

23000

24000

25055

26000

27059

28000
28058

31OOO

33074
33075

35079
35081

Atomic Weight

24.3050 5431

26, 98154175

28.0855 1043

30.9737 6305

31.97207205

(35.4527 3782

39, 94766059

39.09830215

40.07802247

44.95591314

47, 8784 2506

50, 9414 7025

51.99592558

54.93804595

55.8454 1574

58.9331 9742

58.68789010
57, 93534736

63.54564176

69.72302980

73.92392976
74.92159524

78.91833636
80.91620084

Weight Ratio

24.096261

26.749756

27. f344241

30.7076 82

31.6974 15

3501481 80

39.604489

38.762427

39.733731

44.5697 18

47.4671 24

50.503856

51. 5“W 53

54.466099

55.265674

58.4269 ‘W

58.183730
57.437652

62.999751

69.124072

73.288884
74,277979

78,240386
80.2211 76
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Element

Krypton

Rubidium

Yttrium

Zirconium

I Niobium

Molybdenum

Technetium

Rutheniun)

I Rhodium

!
Palladium

Silver

Cadmium

Tin

lodine

Xenon

Symbol

Kr

Rb

Y

Zr

Nb

Mo

Tc

Ru

Rh

Pd

Ag

cd

Sn

I

Xe

ZA

3607N
360$0
36082
36083
36084
36086

37085
37087

39088
39089

40000
40093

41093

42/00
42095

43099

44101
44103

45103
45105

46105
46108

47000
47107
47109

48000

50000

53127

54000
54131
54134
54135

Atomic Weight

77.9203 S6!S3
79.91637504
81.91348326
82.9141 3439
83.91150634
85.9106 1373

84.9117 993!3
86.9091 8098

87. S395 0325
88.90585646

91.2236 4%3
92. 90S4 7691

%?.9063 7806

95093128865
94.90583748

98.90625216

100.90558045
102.90632188

102.90550284
104.90588447

104.90507523
107.9038 9387

107.8681 3045
106.90509547
108.90475359

112.41i5 5487

118.71021167

126.90447676

?31.29307918
130.90507603
1,33.80539536
134.9071 3181

Weight Ratio

77.2510 19
/9. 22$3 5“(
81.2398 Ob
b2. 201: 58
83.1906 6:’
85.172596

84.182362
86.162588

87.1543 14
88.1421 08

90.439990
92.108361

92.108263

95.1071 88
94.080546

98.056595

100.038748
102.022302

102.0214 90
104.004489

104.003885
106.976942

106.941486
105.986724
107.969204

111.445880

117.690428

125.814300

130.165202
128.780532
132.75s0 77
193.748208

I
I
I
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I Element Symbol

Cesium

Barium

Praseodymium

Neodymium

Promethium

Samarium

Europium

Gadolinium

Holmium

Thulium

Hafnium

Tantalum

Cs

Ba

Pf

Ncl

Pm

Sm

Eu

Cd

Ho

Tm

Hf

Ta

ZA

55133

56138

59141

60143
60145
60147
60148

61147
61148
61149

62147
62149
62150
62151
62152

63000
63151
63152
63153
63154
63155

64000
64152
64154
64155
64156
64157
64158
64160

67165

69169

72000

73181

Atomic Weight

13:!.80543315

137.90523611

14(I.9076 5650

141.90$382317
144.91258193
146,9161 1030
147.91690062

146,9151 4804
147.9174 7657
14%.91834254

146,9149 0697
148,9171 9266
i4$l, 91728498
150,91994234
151.91974115

151,9645 8236
150.919P.X)63
151,9217 5646
152.9212 4257
153.9229 !?919
1:4. 9228 9281

157.2521 2919
151.9‘W 0267
153,9208 7595
154.92262854
155.9221 2979
156.92396710
157,9241 1087
159.92706127

164.9303 3202

168,93422458

178.40648557

180.9480 1441

Weight Ratio

131.7637 05

136,720557

139,6971 85

141.6821 52
143.667706
145.654023
146.646216

145.653069
146,E467 87
147.6390 55

145.652830
147.6379 15
148.6294 16
149.623460
150.614670

150.6591 26
1‘$9.6233 78
150,616668
151.607568
152.6007 19
153.592023

155.9012 50
150,614731
152.5986 14
153.591761
154.582676
155.575907
156.567459
158.553203

163.513493

167.482990

176.9531 92

179.393575

20



Eiement Symbol

Tungsten w

2A Atomic Weight Weight Ratio

74000
74182
74183
74184
74186

183,8495 0878
181,94822474
182.95024463
183.95095324
185,95437671

182.2701 44
180.3851 93
181,378605
182,3707 17
184.356930

FleRhenium 75185
75187

184,95297716
186.95576$17

183.3641 33
185.3497 16

Iridium

Platinum

Gold

Lead

Bismuth

Thorium

k

Pt

Au

Pb

Bi

Th

77000 192.2160 6998 190.564832

78000 195,0801 2574 ;33. 4042 84

79197 196.8665 C021 195.274513

82000 207,21689704 205.436794

83209 208,98038837 207, 1851 36

90231
90232
80233

231.03629833
232.0380 5W4
233.04158077

229.051574
230.044724
231.039630

Protactinium Pa

Uranium u

91231
91233

231.03588074
233,04024328

229.0511 60
231.038304

92233
92234
92235
92xa
92237
92238
92239
92240

233.03862800
234.04094786
235.04392497
236.04556257
237.04872627
238.05078549
239.05429114
240.05656841

231.037695
232.030412
233.024773
234.017806
235.012352
236.005803
237.000688
237.994375

Neptunium Np

Plutonium Pu

93235
93236
93237
93238

235.04405710
236.04661965
237.0481 6848
238.05094184

233.024904
234.018854
235.011799
236.005958

94237
94238
94239
94240
94241
94242
94243

237.04840249
238004955492
239.0521 5781
240.05380852
241.05684716
242.35873894
243.06199948

235.012031
236.004583
236.998573
237.9916 19
238.986041
239.979326
240.973968
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Element

Americium

Curium

Berkelium

Californium

symbol ZA

Arn 95241
95242
95243

Cm 96242
96243
96244
96245
96246
!36247
96248

%lk 97249

Cf 98249
98250
9825!
98252

Atomic Weight

241.05682497
~4Q,0595 4083
243.06137411

242.05883174
243.06138218
244.0627 4744
245,0654 8751
246.06722093
~47,’)703 4933
248.07234501

249,07498421

249.07484905
250.07640293
Q5~,0795 $076
252.08162182

Weight Ratio

23/30986019
23!1.9801 21
240.973348

239.9794 18
240.973356
24”1.9661 19
242.960245
243.953373
244.9478 W
245.941272

246. !335298

246.9351 64
247’.9281 14
248.922674
24909161 07
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I

6, HOWTO ADDAND DELETEZAIDSIN THECROSS-SECTIONLIBRARY

If you want to deleteevaluationsfrom the library,simplydeletethe filesfrom the
cross-sectiondirectory. The correspondingXSI)IRfile does not need to be altered. If
you wish, however,the linesreferringto the deletedfiles can be removedfrom the file.

Ifyou wantto add evacuations(newZAIDS)to theX6XS.Ocross-sectionlibrary,the
followingsteps shculd be performed. It is assumedthat the cross-sectiondata for the
ZAIDS of interest are contained in one or more Type 1 file(s). In addition, a
correspondingXSDIR-typefile must6xistthat describesthe Type 1 file for each2ND of
interest, This informationis neededby the MAKEXSprogramso that the newfilescan
be properly created. Also neededwould be the atomicweight ratio of any nuclidethat
did not have a previousevaluation. If you alreadyhave an executableversionof the
MAKEXSprogram in a MAKEXSsub-directory,skip to stop 6.11. Otherwise,proceed
with steps 6,1 to 6.10.

6.1

6,2

6,3

6.4

6.5

6.6

6.7

6.8

6.9

6,10

Make a sub-directorycalled MAKEXSand copy into it the PATCH.MXS,
PRPRF,and MAKEXSFfiles from the MCNP-4sourcedirectory.

Deleteany Io(;i)l filescalledthe following:

CODEF PATCH MAKEXS

TPRINT SPECS XSDIFW.O

Copy PRPRFto PRPR,F

Copy MAKEXSFto CODEF

COMPILE PRPR COMPILE.FNEWID

Using the Fortrancompiler,co,m:~il~‘iiie PRPR.Fsource file to createan
executablefile called PRPR.

CoPYpATCH.MxSto PATCH

If you are awareof any directivesthat need to be madeto the PATCHfile
for your computer system, edit the PATCHfile now. The PATCHfile
providedcontainsonly one line (*definecheap)and it shouldbe sufficient
for most 32-bitcomputers.

ExecutePRPR. Thiswill createa file calledCOMPILE.

RenameCOMPILEto MAKEXS.F

Compilethe MAKEXS.Ffile to createan executablefile called MAKEXS.
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6.11

6.12

6.13

6.14

6.15

6.16

6.17

6.18

6.19

Obtainthe Type 1 file(s)and the correspondingXSDIRfile for the ZAIDSto
be added. Copy these files into the MAKEXSsub-directoty. For the
followingexample,assumethat the XSDIRfile is calledXSDIRCTand that
the ZAIDSto be added are called99250.60cand 99251.60c

Createa SPECS1file consistingof the followinglines -

xsdirct xsdirl .Oa
99250.60c1 1
[blank line]
99250.60c
[blank line]
99251,60c1 1
[blank line]
99251.600
[blank line]

Copy SPECS1to SPECS

Execute MAKEXS. This wili read the SPECSfile as input, extract the
cross-sectiondata for the ZAIDSof interest ffom the Type 1 file(s) and
create individualType 1 files for each ZAID(named99250.60c1,etc.).

Createa SPECS2file consistingof the followinglines

xsdirl .Oa xsdir2.Oa
99250.60c1 99250.60c22
[blank line]
99251.60c1 99251.60c2 2
[blank line]

Copy S} -CS2 to SPECS

Execute MAKEXS. This will read the SPECSfile as input, extract the
cross-sectiondatafor tt e ZAIDSof interestfromthe Type 1 filesand create
individualType2 files for eachZAID(named99250.60c2,etc.).

&~py the newlycreatedType2 filesto the samedirectorycontainingall of
the ~therType2 files. Edit the XSDIR2.Ofile in this directoryto add entries
for the ZAIDS that were added. These entries can be found on the
XSDIR2.OAfile in the MAKEXSdirectory (one line for each ZAID). If
necessary,add any new atomicweight ratios.

If desired,an MCNP-4test casecan be createdto exercisethe newZAIDS
that wereadded. Useone of the existingtest cases (e.g., INP31.CT)as a
pattern. If no errors are encountered,then the data is valid.
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7, HOWTO INSTALLMCNP-4ANDTHEX6XS.OLIBRARYONA SUNCOMPUTER

The following steps are contained in a file called INSTRUCTIONS(in the
DOCUMENTsub-directory)that is includedon the transmittaltape. Thisdescriptionis
meantto providea detailedexplanationof the steps requiredto installand test MCNP-4
and the X6XS.Ocross-sectionlibraryon a SUNworkstation. If MCNP-4is to be installed
on a differentkind of computer,see Section9.

7,1

7.2

7.3

7.4

7.5

The purpose of these instructionsis to guide you in installingand testing
MCNP-4 and the X6XS.Ocross-section library on a SUN workstation.
Everythingyou need should be on tt?etape (includingtheseinstructions).
Fora step-by-stepexampleof whatUNIXcommandsto enterto implement
the following procedure, see number 7.12 below. The executablefor
MCNP-4was compiled with MDASset to 2 millionwords (requiring16.9
Megabytesof memory)using version1.2of the SUNFORTRANcompiler.
The MCNP-4sourcefiles are provided in a sub-directorycalledSRCas a
contingencybut you shouldnot haveto re-compilethe code undernormal
circumstances.[Note: Onlyversion1.2of the compilerhas Ixen found to
give good results. Otherversionsmay give unexpectederrors.]

Locatea copy of the l/4-inch magnetictape labeled“MCNP-4and X6XS.O
Cross-Sections”.Verifythat this tape containsthe proper filesby listinga
tableof contents(e.g,,tar tvf /dev/rstO).A partiallistof the fileson thetape
is given in Section7.16.

Copy the contentsof the tape mediato a working sub-directory. You will
need about 50 Megabfies of free disk space. (e.g.,tar xvf /dev/rstO)

This will create five sub-directoriesunder the working directory called
DOCUMENT,EXE,TESTMCNP,TYPE2,and SRC.

TheTYPE2sub-directorywill containall of the cross-sedionfilesin Type2
(binary) format. The set contains neutron cross-sectionsfor 239 ZAIDS,
thermal cross-sections for 9 materials, and photon and electron
cross-sectionsfor 94 elements(a total of 436files). Thefirst 5 characters
of the filenameisZ*1OOOplusthe nearestintegerof the atomicweight. ‘ihe
first 3 charactersof the extension(that part following the decimal ; oint)
indicatesthe evaluationfor the nuclide. Thefilenamesarethen appended
with a 2 to denote a type 2 file (e.g., 74000.55c2is the file for ZAID
7400005CW).
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7.6 The EXEsub-directorywill contain the executablefile MCNPX4.2M2The
4.2M2designatesthat this is version4.2 thatwas compiledwith MDASset
to 2 millionwords. As presentlyimplementedon SUN workstations,this
meansthat 16.9 Megabytesof memorywill be required to load and run
MCNP-4. The dynamic allocation feature of MCNP-4 is currently not
operationalfor the SUN workstation. Mostmachines,however,will be able
to handlethismemoryrequirementby swappingto disk whenneeded. For
a machinewith8 Megabytesof memory,it is recommendedthat at least32
Megabytesof disk space be reservedfor disk swapping.

7.7 The DOCUMENTsub-directorywill contain these instructionsand other
documentsthat you mayfind useful.

7.8 To setup MCNP-4,linktheXSDIR2.Ofilein theTYPE2sub-directoryto a file
calledXSDIRin the directoryfrom which you want to run MCNP-4. Then
changethe first lineof the XSDIR2.Ofile to reflectthe full pathnameof the
lYPE2 sub-directoryon your system. Alsocreateanaliasin your .cshrcfile
for MCNP-4. For example, if the files were copied into a sub-directory
called/usr/local/mcnp,tben the first lineof the XSDIR2.Ofile would be

datapath = /usr/local/mcnp/type2

the aliasfor MCNP-4would be

aliasmcnp ‘/usr/local/mcnp/exe/mcnpx402m2’

and the link for the XSDIRfile would be

In -s /usr/local/mcnp/type2/xsdir2.Oxsdir

All of the aboveactionsshould be done underyour regu!~fuser id.

7.9 TheTESTMCNPsub-directorywill containinput and output filesfor 70 test
problems that can be run to verify that the transfer of MCNP-4and the
c{oss-swtion set was successful. 25 of the test problemsare patterned
after tha 25 “standard”test problemsfor MCNP-4except that someof the
materialdescriptionswere changedto use ZAIDSthat are availablein the
X6XS.Olibrary. Successfulcompletionof all70testproblemswill veriithat
the code and the cross-sectiondata are valid. A UNIX script called
TESTMCNPwill automatkallyrun through the 70 test problems,compare
to the expectedoutputfile,andwritethe differenceson 70filescalleddiffnn
wherenn is the problemnumber (l-25 and 31-75). Thismaytake several
hours. Afterthe test problemsarecomplete,thereshouldbe 70filescalled
mctalnnand 70 filescalleddffnn. The lengthsof all the diffnnfilesshould
be zero (indicatingno difference)and there should exist 70 mctalnnfiles
that havenon-zerolength (indicatingthat the job was completed).
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7,10 To run the test problems,go to the TESTMCNPsub-directory,and type
testmcnp to executethe script. After completion,examinethe resultsas
describedabove. Important: ~ e test problemsshouldbe run underyour
normaluser id so that the environmentwill be the sameas whenyou run
MCNP-4underyour workingdirectory. Therefore,your normaluser id will
have to havewrite permissionfor the TESTMCNPsub-directory.

7.11 You can alwaysmoveand/or renamethesefiles as you see fit as long as
you changethe datapathin XSDIR2.Oand the MCNP-4aliasaccordingly.
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7.12 Thefollowingis a step-by-stepexampleof the commandsto be enteredto
implementthe aboveprocedure. Thisexampleassumesthat MCt~P-4will
be installedin a directorycalled/usr/loca!/mcnp,that superuserprivileges
are r~quiredto write to this directory,that your usernameis xyz and that
the working directory for running MCNP-4will be mcnp.wrk under your
homedirectory. Theexamplewas preparedby StuartVessardof HSE-6.

su root (becomesuperuser)
cd \usr/local (switchto /usr/local)
mkdir mcnp (makedirectorymcnp)
cd mcnp (go to mcnp directory)
[load the tape on your tape drive]
tar tvf /dev/rstO (displaytape contents)
mt -f /dev/rstOrew (rewindthe tape)
tar xvf /dev/rstO (copy the tape contents)
Is -la (listcontentsof mcnp directory)
[verifythat 5 sub-directorieswere created]
cd type2 (go to type2 sub-directory)
vi xsdir2.O (enterthe visualeditor)
dd (deletethe first line)
o (enterinsertmode beforethe first line)
datapath = /usr/local/mcnp/type2 (entercorrect datapath)
ESC(theescapekey) (exit insertmode)
ZZ (saveand exit vi)
cd .. (go to mcnp directory)
chownxyz test (changeowner of test to your username)
exit (exitsuperusermode)
cd (go to your homedirectory)
mkdir mcnp.wrk (makemcnp working directory)
cd mcnp.wrk (go to mcnp working directoty)
In -s /usr/local/mcnp/type2/xsdir2.Oxsdir (set up link)
cd .. (changeto home directory)
vi .cshrc (edit your .cshrcfile)
[use arrow keys to go to sectionon aliases]
o (enterinsertmode)
aliasmcnp ‘/usr/local/mcnp/exe/mcnpx4.2m2’ (set up alias)
ESC(theescapekey) (exit insertmode)
22 (saveand exit)
[close sunviewand all open windows] (exitenvironment)
logout (log off)
Ioginxyz (log back in)
cd /usr/local/rlcnp/test (go to test sub-directory)
testmcnp (run the test problems)
[wait severalhours]
Is -1metal* I more (listoutput files)
[verifythat all 70 problemsexecuted(l-25, 31-75)]
Is -1cliff* I more (listdifferencefiles)
[verifythat all differences(l-25, 31-75)are zero]
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7.13 To run MCNP-4,go to mcnp.wrk in your home directory,createan input
file, yyy, and entdr mcnp inp=yyy. Done!

7.14 If you should need to re-compilethe MCNP-4code, the source is Iccated
in a sub-directo~ calledSRC. Instructionsfor re-compilingcan be found
in Section8.

7.15 If you are crampedfor disk space after installingand testing MCNP-4you
maywantto deletethe outputfilescreatedin theTESTMCNPsub-directory.
Thiswill free about 10 megabytes. Also, removeany COREfilescreated
during abnormal executionof any of the test problems. If you are still
crampedfor space,you maywantto deletesomeof the cross-sectionfiles
from the lYPE2 sub-directory. Norm Pruvost,of HSE-6,has examined
each of the 239ZAIDSfor neutroncross-sectionsand has comeup witha
list of 111ZAIDSthat he feelswould rarelybe used (seeSections4.34thru
4.36). Thelist is givenin Table2 on page 13. Ifyou thinkyouwillnot need
theseZAIDS,feelfreeto deletethe filesfromthe TYPE2sub-directory.The
filename is of the form zzaaa.nnc2where zzaaa is the ZA, nn is the
evaluationnumber (like35 or 51), c is for continuousneutronevaluation,
and 2 is for type 2 file. Deleting all 1i 1 files will free up about 10
Megabytesof disk space.
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7.16 PartialListof Fileson Tape“MCNP-4and X6XS.OCross-Sections”

I (Thetape includesfilesneededto installversion4 of MCNPand the associatedX6XS.O
cross-sectionIibraw. Thereare 436ZAIDSin the X6XS,0cross-sectionlibrary.)

rwxr-xr-xl 04/0 O Apr 11 16:16 1991
rw-r--r--l 04/20 215385 Apr 7 13:10 1991
rw-r--r--l 04/20 79583 Apr 11 16:16 1991
rw-r--r--l 04/20 50186 Apr 7 13:11 1991
rw-r--r--104/20 32674 Apr 12 09:06 1991
rw-r--r--l 04/20 60208 Apr 11 16:16 1991
rw-r--r--l 04/20 122632 Apr 11 16:16 1991

rwxr-xr-xl 04/0 O Feb 27 11:04 1991
rw-r--r--l 04/20 6144 Feb 5 16:53 1991
rw-r--r--l 04/20 4096 Feb 5 16:52 1991
rw-r--r--l 04/20 6144 Feb 5 16:53 1991
rw-r--r--l 04/20 4096 Feb 5 16:52 1991
rw-r--r--104/20 14336 Feb 5 15:18 1991
rw-r--r--l 04/20 26624 Feb 5 15:18 1991
rw-r--r--l 04/20 8192 ~eb 5 15:18 1991
rw-r--r--l 04/20 12288 Feb 5 15:18 1991
rw-r--r--l 04/20 6144 Feb 5 16:53 1991

etc. etc.

rw-r--r--l 04/20 100352 Feb 5 16:48 1991
rw-r-~r--l04/20 88064 Feb 5 16:48 1991
rw-r--r--l 04/20 53248 Feb 5 16:49 1991
rw-r--r--l 04/20 83968 Feb 5 16:49 1991
rw-r--r--l 04/20 75776 Feb 5 16:49 1991
rw-r--r--l 04/20 51200 Feb 5 16:49 1991
rw-r--r--l 04/20 114688 Feb 5 16:50 1991
rw-r--r--l 04/20 45056 Feb 5 16:50 1991
rw-r--r--l 04/20 47104 Feb 5 16:50 1991
rw-r--r--l O202O 73728 Feb 5 16:50 1991
rw-r--r--104/20 43008 Feb 5 16:51 1991
rw-r--r--l 04/20 67584 Feb 5 16:51 1991
rw-r--r--l 04/20 67584 Feb 5 16:51 1991
rw-r--r--l O202O 69632 Feb 5 16:51 1991
rw-r--r--l 04/20 43008 Feb 5 16:51 1991
rw-r--r--104/20 49152 Feb 5 16:50 1991
rw-r--r--l 04/20 43008 Feb 5 16:50 1991
rw-r--r--l 04/20 49152 Feb 5 16:50 1991
rw-rw-rw-104/20 39448 Apr 7 13:17 1991
rw-r--r--l 04/20 71680 Feb 5 16:52 1991
rw-r--r--l 04/20 96256 Feb 24 15:31 1991

ciocument/
document/x6xs0.txt
document/xsdoc
document/list
document/instructions
document/xslist.z
document/xslistai

type2/
type2/1000.01e2
type2/1000.01p2
type2/10000.01e2
type2/10000.01p2
type2/1001.50c2
type2/1002.55c2
type2/1003.35c2
type2/1003.50c2
type2/11000.01e2

etc.

type2/96245.35c2
type2/96245.52c2
tYPe~/96246”35c2
type2/96247.35c2
type2/96248.35c2
type2/97249.35c2
type2/98249.35c2
type2/98250.35c2
type2/98251.35c2
type2/98252.35c2
type2/be.01t2
type2/benz.01t2
type2/beo.01t2
type2/grph.01t2
type2/hwtr,Ol t2
type7/hzr.01t2
type2/lwtr.01t2
type2/pOly.01t2
type2/xsdir2.O
type2/zrh.O?t2
type2/6000.50c2
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7.16 PartialList of Fileson Tape“MCNP-4and

rwxrwxrwxl 04/0 O Feb
rw-r--r--l 04/20 49622 Feb
rwxr-xr-xl 04/20 2756 Fob
rw-r--r--l 04/20 1274 Feb
rw-r--r--l 04/2b 1909 Feh

etc

rw-r--r--l 04/20 1069 Feb
rw-r--r--l 04/20 ‘ ‘.69 I zh
rw-r--r--l 04/20 6017 Ft ~
rw-r--r--l 04/20 8:’36 Fe ‘

elc.

rw-r--r--l 04/20 L47 Feb
rw-r--r--l 04/20 647 Feb
rw-r--r--l 04/201362797 Feb
rw-r--r--l 04/20 106 Feb

rwxr-xr-xl 04/202162688Apr
rwxr-xr-xl 04/202162688 Apr
rwxr-xr-xl 04/202162688Apr
rw-rw-rw-104/20 39448 Apr
rw-r--r--l 04/20 621911 Apr
rwxr-xr-xl 04/202162688 Apr
rwxr-xr-xl 04/20 98304 Apr
rwxr-xr-xl 04/20 131072 Apr
rwxr-xr-xl 04/202162688Apr
rwxr-xr-xl 04/202162688Apr
rwxr-xr-xl 04/202162688 Apr

rwxr-xr-xl 04/0 O Apr
rw-r--r--l 04/20 364 Apr
rw-r--r--l 04/20 343222 Apr
rw-r--r--l 04/20 3723 Apr
rwxr-xr-xl 04/20 424 Apr
rw-r--r--l 04/20 15873 Apr
rw-r--r--l 04/20 364 Apr
rw-r--r--l 04/20 7270 Feb
rw-r--r--l 04/20 669 Apr
rw-r--r--l 04/203030466 Apr
rw-r--r--l 04/20 1$?Apr
rw-r--r--l 04/20 39448 Apr
rw-r--r--104/20 36480 Apr

(continued)

26 07::’ 1 1991
25 10:25 1991
25 19:03 1991
2? 18:34 1991
25 18:34 1991

etc

25 18:34 1@;
25 18:$ 1991
25 18:35 1991
25 17:35 1u91

etc

25 19:04 1991
25 19:04 1991
26 07:18 1991
26 07:17 1991

10 14:35 1991
10 14:37 1991
10 14:36 1991
10 14.”4 1991
10 14:57 1991
11 16:30 1991
11 16:40 1991
11 16:49 1991
8 17:53 1991

11 08:51 1991
11 10:19 1991

12 08:21 1991
11 16:39 1991
7 15:44 1991

10 14:06 1991
7 15:35 1991
7 13:13 1991

11 16:39 1991
25 09:09 1991
7 13:13 1991
7 13:15 1991

10 14:23 1991
7 13:17 1991
7 13:17 1991

X6XS.OCross-Sect\o@’

testmcnp/
testmcmp/xscfir
testmcnp/te>trvcnp
testmcnp/inpOl .ct
testrncnp/inp02.ct

etc.

testrncnp/inf ~74.ct
testmc,lp/inp75.ct
~estmcnp/mctlOl,C
testmcnp/mct102.c

etc.

testmcnp/mct174.c
testmcnp/mct175.c
testmcnp/wl 84XS
testmcnp/mgdir

exe/mcnpx4.02
exe/mcnpx4.2pt
exe/mcnpx4.1m2
exe/xsdir2.0
exe/wssa09
exe/mcnpx4.?p2
exe/prpr
exe/makexs
exe/mcnpx4,1pt
exe/mcnpx4,1
exe/mcnpx4.2m2

src/
src/patch
src/libcgs.a
src/makefile
orc/makemcnp
src/makexsf
src/patch4.2
src/prprf
src/patch.vax
src/mcnp4.2
src/patch.mxs
src/xsdir2.O
srcj’xsdirl.0
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8. HOWTO MODIFYMCNP-4ON SUNCOMPUTERS

Thefollowingstepsdescribehowtore-compile MCNP-4and makean executable
file called MCNPX,

8.1 To re-compileMCNP-4,makeany changesby !Jsing the PATCHfile. This
filedirectsthe deletionand insertionof linesusingthe IDnumbersfoLndon
the CODEFfile, Forexample,to changeMDASto a differentvalue,editthe
PATCHfile accordingly.

82 Afterchlmgesto the PATCHfile havebeen made [:’~eorigll,alpatch file is
savedas PATCH4,2),run the shellscriptcalledMAKEMCNP.Thiswill read
tile directivesfound on the PATCHfile, create a modifiedfortran sour{ ?
called COMPILL,then split the COMPILEfile into individualfiles, run the
I andom library (RANLIB)routineon the graphics library,and finallycreate
an executablefile called MCNPXusing MAKE. A listing of this script is
given below, Ignorewarningmessagesconcerningdeletingfilesthat do
lot e%iti~but pay attentionto other errors or messages, Important: It is
assumedthat the SUNFORTRANutilitiesF77,FSPLIT,RANLIB,md MAKE
are accessiblein your path and ?hatyou will havewritepermissionfor the
c.irectorysince many files will be created, [The path must be set in the
.CSHRCfile for the user doing the compilation.]

8.3 Thecompilationmaytake a long time,so be patient. Alsobe sureto have
about five Megabytesof free disk space available.

8.4 The UNIXscript, MAKEMCNP,is reproducedbelow -

#
# shellscript to make MCNP-4on SUNWorkstations
# it Wilicreatean executablefile called MCNpX
#
s’-t echo
rm *.f *.o newid compile
cp prprf prpr.f
f77 prpr.f -o prpr
prpr
fsplit compile
ranlib Iibcgs.a
make

33



9, HOWTO INSTALLMCNP-4ANDTHELIBRARYON A NON-SUNCOMPUTER

Thefollowinggivesa simplifiedstep-by-stepprocedurefor installingMCNP-4and
the X6XS.Ocross-sectionlibraryon a non-SUNcomputer. Formoredetailedinformation,
see AppendixC of Ref.9.

9.1

9,2

9.3

9.4

9.5

9.6

Create3 sub-directorieson your computerfor the MCNP-4code and tlw
cross-sectionfries. Forthe purposeof illustration,assumethat a directory
called MCNPis createdunder dire~loryXYZand that the sub-directories
are calied MCNPSRC,XSECT,and TESTXS,respectively. You will need
about 170 Megabytesof free disk space.

Copythe MCNP-4sourcefilesto the sub-directoryMCNPSRC.Ona VAX
computer,allthe sourcefilesshouldbe convertedto upper-case. Change
to the MCNPSRCdirecto~.

Compile the graphics Iibraty (such as CGS) or if you already have a
compatiblegraphics library,copy it to the MCNPSRCdirectory.

Copy or assignthe sourcecode PRPRFto a file cailed PRPR.F

Using your computer’s ForIran compiler, compile PRPR.Fto create an
executablefile calledPRPR.

Edit the PATCHfile to definethe appropriate:directivesfor your particular
computer system, For example,if you have a 32-bit computer with the
CGSgraphics iibrary,the first iineof the PATCHfile should read -

*de~nGcheap,plot,cgs,mcplotcgkssim

If you want to run MCNP-4with no graphicscapabilities,the linewould be

*define cheap

On a VAXcomputer,the lineshould read

*DEFINECHEAP,VMS
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9,7

9.8

9.9

9.10

9.11

9.12

9.13

9.14

9.15

9.16

9.17

The PATCHfile directs the insertion and deletion of lines using the ID
numbersfound cma file calledCODEI:. If you are awareof any changes
required for your particular computer system, edit the PATCH file
accordingly. For example,on a VAXcomputer, the followingshould be
included in the PATCHfile

*D COR4-IEo164
*I
:j CONVERTUPPER-CASEE AND D BACKTO LOWERCASE(VMS)

IH=INDEX(’0123456789.+-edED’,HD(iP:lP))

Copy or assignthe file MCNPSRCto CODEF,

Deleteany local filescalled COMPILEor NEWID

Execute PRPR. This will read the PATCHtile for directives,make the
appropriatechangesto the CODEFfile and createa file calledCOMPILE.
The CODEFfile will not be altered.

RenameCOMPILEto MCNP.Fand compile it with the Fortrancompilerto
createan objectfilecalledMCNP,OBJ.If thereareanycompilationerrors,
modify the source using the PATCHfile and repeatsteps 9.6 thru 9.11.

LinkMCNP.OBJwiththegraphicslibraryto createan executablefilecalled
MCNPX,

Copythe MCNP-4testfiles(inputandoutputfiles)to thedirectoryTESTXS.
On a VAXcomputer,convertthesefiles to upper-case.

Copy the X6XS.Ocross-section files (plus the XSDIR1.Ofile and the
cross-sectionmanipulationfiles) to the sub-directoryXSECT. All of the
cross-sectionfileswill be regularASCIIfiles (Type1).

Edit the XSDIR1.Ofile so that MCNP-4can use the Type 1 cross-section
files. Modifythe first lineof the XSDIR1.Ofile to point to the sub-directory
that containsall of thesefiles (i.e.,changethe datapathto the appropriate
full directoryname). Forexample,if the full pathnameto the cross-section
directory is /XYZ/MCNP/XSECT,then the first line of the XSDIR1.0file
should read -

datapath = /xyz/mcnp/xsect

Changeto the TESTXSdirectoryto run the test problems.

Copythe XSDIR1.0file thatwasmodifiedin step9.15aboveto a filecalled
XSDIRin the TESTXSdirecto~.
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9.18

9.19

9.20

9.21

9.22

9.23

9.24

9.25

9.26

9.27

9.28

9.29

9.30

Create
MCNP

an aliasor use some other systemfunctionso that the command
will execute the file MCNPX in the MCNPSRCdirectory. For

example,under UNIX,the commandwould be -

alias mcnp ‘/xyz/mcnp/mcnpsrc/mcnpx’

Enterthe followingcommandto run the first test problem -

mcnp

If the problemruns
be no differences.

inp=inpOl.ct

comparethe file MCTALto MCTLO1.C. Thereshould

If the first problem ran successfully, modify the UNIX script called
TES-(MCNPto be compatiblewith your operatingsystem. Thisscript will
runtest problems1-25and 31-75andcomparethe resultsto the expected
resultsfound on the MCTLnn.Cfiles.

ExecuteTESTMCNPto run the 70 test problems.

Verifythat all 70 problemsexecutedwith no errors and that the answers
were the sameas givenon the MCTLnn.Cfiles.

MCNP-4and the cross-sectionlibraryare then verified.

To run MCNP-4using the Type 1 cross-sectionsin anotherdirectory,go
to that directory and copy the XSDIR1.Ofile to a local file called XSDIR.
Createan MCNP-4input file WY and enterthe command-

rvcnp inp=yyy

To reducethe sizeof the cross-sectionlibraryby a factorof 4 to 5,you will
need to convert the Type 1 cross sections into Type 2 format (direct
access insteadof ASCII). After the cross sections have been converted
and tested,you can then deletethe Type 1 filesfrom the disk and recover
the space. To convertto Type2 format,performthe followingsteps.

Go to the XSECTdirectory.

Deleteany local files calledthe following:

CODEF PATCH MAKEXSCOMPILE PRPR COMPILE.FNEWID

TPRINT SPECS XSDIR2.O

CoPYpRpRFto PRPR.F

CoPYMAKEXSFto CODEF
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9.31 Using the Fortrancompiler,compile the PRPR.Fsource file to createan
executablefile called PflPR. -

9.32

9.33

Copy PATCH,MXStOPATCH

If you are awareof any directivesthat needto be madeto the PATCHfile
for your computer system, edit the PATCHfile now. The PATCHfile
providedcontainsonly one line (*definecheap)and it should be sufficient
for most32-bitcompAe;s, ForVAXcomputers,try *DEFINECHEAP,VMS

I 9.34

9.35

9.36

9.37

9.38

9.39

9.40

9.41

9.42

9.43

ExecutePRPR, Thiswill createa file calledCOMPILE,

RenameCOMPILEto MAKEXS.F

Compilethe MAKEXS.Ffile to createan executablefile called MAKEXS.

COpySPECS,lto2to SPECS

Edit the SPECSfile and removeall but the first 5 lines.

ExecuteMAKEXS.Thiswill read the SPECSfile as input and convertthe
first two Type 1 filesintoType 2 files. Verifythat the Type 2 filesare much
smallerthan the Type 1 files.

Afterverifyingthat MAKEXSis workingproperly,removethe followingfiles

1001.5OC21002.55C2TPRINTSPECS XSDIR2.O

COPYSPECS.lto2 to SPECS

ExecuteMAKEXS.Ttiiswill readthe SPECSfileas inputand convertall of
the Type ! files into Type2 files. It will also createa file calledXSDIR2.O

To testtheType 2 files,go to the TESTXSdirectoryand copy theXSDIR2.O
file to a local file calledXSDIR.

9.44

9.45

9.46

Repeatstops 9.22to 9,23to verifythe Type 2 cross-sections.

TOrurl MCNP.4using the Type 2 cross-sectionsin anotherdirectory,go
to that directory and copy the XSDIR2.Ofile to a Inca!file called XSDIR.
Createan MCNP-4input file YYYand enterthe cammand-

mcnp inp=yyy

Afteryou areconvincedthat everythingis working,the Type 1 filescan be
deleted,but be careful!
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9.47 A UNIXscript file that performs steps 9.28 thru 9.42 is included and is
called MAKETYPE2. If you wish, it can be edited to fit your operating
system.

9.48 Finis!
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10. MCNP-4CODEIMPROVEMENTS

Based on our experiencewith installingand testing the X6XS.Ocross-section
library,the following is a list of suggestedimprovementsto the MCNP-4code.

10.1

10.2

10.3

10.4

1C!5

10.6

10.7

10.8

As noted in Section4.13,the electroncross-sectiondata must be read in
double precision format versus single precision format for the neutron,
photon, and thermalcross-sectiontypes. This complicatesthe MAKEXS
procedure and can lead to errors in convertingthe electron library from
Type 1 format to Type2 format. MCNP-4should be changedso that the
electrondata is consistentwith all of the other data.

The input for the current25 “standard”test problemsuse many materials
that arenot includedin theX6XS.Ocross-sectionlibrary(seeSection4.20).
In order to reproduce the “official” X-6 results, a special set of
cross-sections from X-6 must be installed that consumes about 45
Megabytesof disk space in Type2 format, To streamlinethe testing of
MCNP-4whenit is installedon adifferentcomputer,a specialcross-section
library (in Type 1 format) should be created that contains only those
materialsneededto run the 25 test problems. This would make porting
and testing the code much lesscumbersome,

An alternativeto 10.2above is to revisethe materialsfor the 25 problems
so that they are all availablein the X6XS.Ocross-sectionlibrary. Thatway,
both the code and the cross-sectiondata could be ported, installed,and
tested in one step,

Sincethe installationof graphicsroutinesto be usedwith MCNP-4can be
complicated, there should be one or more test problems to test the
graphics featuresof MCNP-4.

ThedefaultAvogadro’snumbershouldbe output by the code so that the
user is awareof wilat was used.

An option should be added that would allowthe userto inputAvogadro’s
number divided by the mass of the neutron. As the number changes
slightly in the years ahead,the code would then be able to calculatethe
most accuratedata withouthavingto be re-compiled(seeSection4.27).

MCNP-4 will not allow a material specification of the form zzaaa.Ole
becausethe trailing“e” is not recognizedas a valid library. Thisshouldbe
changed (seeSection4.29).

A 26thstandardtest problemshouldbe devisedto test the pure mode“e”
electrontransport capabilityof MCNP-4(seeSection4.30).
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10,9 The header for the “dynamicallocation”table that is output by MCNP-4
should state that this is Me amountof memo~ being allocatedin decimal
words.

10.10 As noted in Section4.49,the locationof the cross-sectiondirectoryusing
the datapathstatemeritan theXSCURfilewillnot work underVMSbecause
VMS directoriesare not separatedwith a slash (/). For portability,these
statementsshould be revisedwith a VMSdirective,

10,11 The MCNP-4code was compiled on a 386 PC using the Lahey 32-bit
Fortrancompiler.Twocompilationerrorsresulted.TheLahe compilerwill

dallow only numbersgreater than 2-’2J(which is 1.18x 10- ). Thereare
two instancesin the MCNP-4source if which a valueof 1 x 10-38is used
and thereforeresults in a compilation6rror. Theseare lines u.12 and

9qu.28insubroutineQUAD.Changingthe two Iinesto use 1 x 10-7 instead
of 1 x 10-X6solved the problem. To make MCNP-4even more portable,
perhapsthose changesshould be made in a future release.

10.12 Compiling MCNP-4with Version 1.3 and higher of the SUN FORTRAN
compiler will result in an error for test problem 25. This needs to be
investigated.
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11. LISTINGOF XSDIR2.OFILE

Table4 below is a listingof the XSDIR2.Ofile that is used in conjunctionwith the
436Type 2 filesthat makeup the X6XS.Ocross-sectionlibra~. TheXSDIR1.0file,used
with the Type 1 files, is very similarbut is not reproducedhere. Thefirst part of the file
consists of atomic weight ratios for nearlyall of the elementsand their isotopes. The
sourceof thesenumbersis describedin Ref.2. Followingthe atomicweightratios,there
is a directory that consistsof one linefor each ZAIDin the library. Thefirst entry is the
identifierfor the evaluation(ZAII)),the second entry is the atomicweight ratio that was
used in the evaluation,the third entryis the filenamethat containsthe cross-sectiondata,
the fourthentryis the pathto thefilename(denotedby a zero),the fifthentryis the format
of the data (type 1 or 2), the sixthentry is the recordthat beginsthe data (alwaysa 1 in
this case), the seventhentry is the lengthof the data block indicatinghow manywords
of data thereare,the eighthentry is the numberof bytesper record (Type2 format),the
ninthentry is the numberof words per record (Type2 format),and the tenth entry is the
temperatureat which the evaluationwas processed(in units of Mev).

Table4. Listingof XSDIR2.OFile

datapath /usr/ctr/type2
atcdc wight ratios

1.000000
100: 9.W317 1001
2000 3.9682172003
3000 6.8813123006
6000 8.9%7634007
5000 10.7181565010
Moo 11.9078566012
7000 13.W38 7014
8000 15.8618828016
WOO18.835197W19
1000020.oO&w10020
1100022.79227511023
120002&.09626112023

12026
IXOOO26.74975613026
lbOOO27.M42bllb027

14030
1500030.70768215031
1600031.78893916031

Iau
16037

1700035.lb8180170M
17037

1800039.~&89 18036
18039
18042

IWOO 38.762427 19038
19041
19044

20000 39.733731 20039
20042
20065
20048

21000 44.569718 21OU

0.999167
2.990120
5.963450
6.956651
9.926922

11.896914
13.882780
15.857510
18.835197
19.820693
22.792273
22.796595
25.7S9391
25.763654
26.754874
29.716281
30.707682
30.713425
33.676066
36.653512
33.681912
36.648346
35.658565
38.629591
41.602565
37.662906
40.609942
43.583907
38.635912
41 .59817S
44.569992
47.540594
43.581774
46.569064
44.571914
47.536048
50.508951
66.551543
49.518089

1002
2004
3007
4009
5011
6013
7015
8017

1.996800
3.968219
6.955733
8.9%763

10.916730
12.891649
14.871250
16.853099

1003 2.990140

6014

8018

10022

12025

13.882947

17.844537

10021 20.813497 21.802466

!2024
12027
13027
14028
14031

16032
16035

23.779001
26.752533
26.7497S6
27.%592
30.7W269

31.697415
34.668630

24.771198

1402928.727573

16033
16036

32.688217
35.658103

17035
17038
18037
18040
18063
19039
19U62
19065
20040
20043
20046
20049
21045
21048
22046
22069

34.668652
37.641845
36.649212
39.619085
42.59b5n
38.628989
41.601923
44.574461
39.619291
4?.589732
45.558922
48.535122
44.569718
47.540295
45.557875
48.527382

17036 35.659320

lea38
18041

37.636612
40.612594

19040
19043
19046
20061
20044
2006?

39.620687
42.591666
45.567\37
40.6~0390
43.577884
46.5511~

21046 45.560395
21047

22000 47.467124 22065
22068

22047
22050

46.548624
49.515734

22051
23000 50.503856 23067

23050
23068
2305i

47.540322
50.506327

23049
23052

48.528023
51.498545
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Tal Ile 4, Lisi of XSDIR2,()File
24000 51.549253 2 049 48.51

)052 51.69
1055 54.46
i051 50.51
i054 53.41
i057 56.44
i053 52.69
i056 55.65
i059 58.42
~057 56.44
’060 59.41
’063 62.39
)057 56.45
Io60 59.61
)063 62.34
062 61.40
065 ti.37
064 63.37
1068 67.34
IM9 68.33
!070 69.32
!074 n.2e
1072 71.30
1075 74.27
,074 73.2a
1078 77.24
i079 78.24
)078 77.25
Io83 82.20
‘0S5 84.18
1084 83.19
1088 87.15
086 85.17
089 88.14
092 91.11
1088 87.15
1091 W.12
IW4 93.W
IW7 96.07
WI 90.12
W4 93.10
w? %.07
!090 89.14
!093 92.10
!W6 95.08
!DW 98.05
iw7 96.07
W6 95.08
1100 W.04
J03 102.02
403 102.02
)102 101.03
1106 104.99
1119 117.52
’106 104.W
‘lW 107.96
I106 104.99
1111 IW.95
HIG 112.92
1113 111.93
1112 110.94
1116 114.90
1119 117.88
1124 122.84
121 119.86
120 118.87
924 122.83
128 126.80

)82
;31
187
)54
b9a
)15
Ba
)42
159
’18
)95
!96
)63
i95
m7
)55
102
96
133
147
156
its
186
97
’44
’95
)38
01
185
!36
!56
146
187
!10
)39
i03
171
Ml
62
)05
)56
M
53
169
80
103
i88

89
198
30
49
118
i70

~51
188
)20
66
45
87
15
150
08

E
119
;W8
143
69

24050
24053
24056
25052
25055
25058
26054
26057
26060
27058
27061
27064
28058
28061
28064
29063
29066
30066
30070
31071
32072
32076
33073

34076
34080
35081

37087

39087
39090
39093
40089
40W2
40095

49.516983
52.405863
55.460111
51.bW327
54,&~
57.441918
53.476242
56.446290
59.419180
57.438056
60.409036
63.386569
57.437652
60.407628
63.378793
62.389001
65.362507
65.359696
69.32U29
70.315420
71.304231
75.269198
72.297380

75.267020
79.229995
80.221176
79.229851
83.19Q662
86.162588
85.171267

86.164278
89.134810
92.111437
88.145126
91.115526
94.m2727

91.117663
94.W1532
97.069225
90.13077!
93.098392
96.073546
W.049215
97.066136
97.064229

100.038748
103.012819
104.004489
103.011435
106.976942

105.986724
108.961961
106.9~32
1100941457
116.909075
113.916790
112.924296
115.898695
118.872176

24051
24054

50.507126
53.4?55192

2
25000 54.466099 2

2

26000 55.365674 :
2.

25053
25056

52.4&&?7
55.458362

26055
26058

54.466346
57.435600

27000 58.426930 :
z

27059
27062

58.426930
61.401927.

28000 58.183730 :
2
2

29000 62.999731 2

30000 64.834574 :

31000 69.124072 :
32000 72.008301 3

3

28059
28062
28065
29064

58.428073
61.396349
64.372303
63.300576

30067 66.352189

32073

33074

34077
34082

72.297013

73.288884

76.259125
81.213001

33000 74.277979 3
3

34000 78.290893 3
3

3500G 79.217113 3
36000 83.080137 3

37000 84.n3659 i
38noo 86.863983 3

3

36082 81.209803
85.172596

38087

39088
39091

40090
40W3
40W6

86.162297

87.154314
90.126359

89.132379
92.108361
95.084369

92.108263
95.084196
W.055844
91.117281
94.090546
97.064346

100.043469
98.056595
98.056283

101.028935

39000

40000

88.142108

90.439990

41000

42000

92.108263

95.107188

41W2
41095
41W8
42091
4209b
42097
42100
43W8
44W8
44101
44104
45105
46104
46108

47107
47110
48108
48112
48116
49115
50114
50117
50120

41W3
41096
41100
42092
42095
42W8
42101
43099
44099
44102

45117
46105
46110

47108

43000
44000

97.066136
100.198326

45000
46000

102.021490
105.501161

115.544640
104.003885
108.%1025

106.97898747000

48000

106.941W6

111.445880 48110
48113

108.958882
111.934493

49000
50000

113.831536
117.690428 50115

50118
50122

113.916263
116.888769
120.856225

51000
52000

120.712028
126.500901

51123 121.848410
52122 120.@55843 52123 121.848465
52125 123.831440 52126 124.821734
52130 128.~266
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Tab of XSDIR2.OFile

53000
54000

125.814300
130.165202

53
54
54
54
54
55
56
56
56
57
5E
SE

z

:
61
61
62
62
62
63

:
64
64
65
66
66
66
67

z
a
69
69
69
70
70
70
71
71

;:
72

:
73
74
74
74
74

E
76

;:

;
77
7a

:
79
79
79

127 125.
24 122.
29 127.
32 130.
36 134.
33 131.
30 128.
35 133.
138 136.
138 136.
136 134.
142 140,
141 139.
42 140.
’45 163.
48 146.
45 143.
49 147.
44 142.
149 147.
152 150.
151 149.
154 152.
150 148.
54 152.
i57 155.
59 157.
56 156.
61 159.
& 162.
63 161.
66 164.
62 160.
167 165.
66 IM.
69 167.
n 170.
68 166.
172 170.
76 174.
73 171.
176 174.
’74 172.
n 175.
l@O 178.
79 177.
182 180.
’86 184.
79 177.
182 180.
85 183.
M 186.
84 182.
87 185.
I&4 182.
88 186.
92 190.
88 186.
91 189.
94 192.
90 188.
94 192.
197 195.
93 19i.
96 194.
w 197.

100
’01
20
121
’04
05
113
’57
157
)19
)26
In

:
I

’06
!16
V7
155
’29
)15
170
178
’19
’82
)14
)07
97
Ils
191
)44
m
150
33
126

;
I

158
!67

54126 124.8226f16
56130 128.787%9
54134 132.755017

54128 126.804772
54131 129.780532
54135 133.748208

55000
56000

131.763705
136.146950 56132 130.771908

56136 134.737064
56134 132.754179
56137 135.729722

57000
58000

5WO0
60000

137.712184
138.911207

139.697185
143.003231

57139 137.713076
58138 136.721310 58140 138.703500

60143
60146
60150
61147

62147
62150
62154
63152
63155
64151
64155
64158

141.682152
144.659655
140.633000
145.653069

145.652830
148.629416
152.599945
150.616668
153.592023
149.623892
153.591761
156.567459

60144 142.673832
60147 145.654023

61000

62000

143.667877

149.068576

61148 146.646787

62148 146.644165
62151 149.623460

63153 151.60736863000

64000

150.659126

155.901250 64152 150.614731
64156 154.582676
64160 158.553203

65000
66000

157.560097
161.101601 66158

66162

67164

156.567758
160.535768

162.522030

66160 158.551361
66163 161.529093

67165 163.513493

68166 164.504876
a170 M8.475M0
69168 166.491542
69171 169.468007

67000

68000

6WO0

163.513493

165.818W0

167.482990

iO
i3
;9
iO
18
16
;9

68164
68168
69167
69170
69173
70170
70173

71174
71177
72173
72178
72181
73180
73183

74180
74183
74186

75185
75188
76186
76189

162.5WVt2
166.489755
165.498823
168.473974
171.453W6
168.474944
171.452591

172.446113
175.423725
173.438601
176.415079
179.394662
178.401645
181.379742

178.400889
181.378605
184.356930

183.364133
186.343466
184.356410
187.334905

70000 171.547746 70171 169.467904
70174 172.444646

71175 173.437951

M
36

71000

72000

173.463677

176.953192

15
i3
i4
i2
iO
10
M
)6
io
)8
M
\4
)7
14
)7
14
11
14
12
!9
}2
!9
!7
10
!8
!5

110
!53
)28
197
25
‘lo
122
)77
143
193
i93
138
109
’16
!&
!10
M

‘::
132
w
137
!78
i25
)89
09

72176 174.U9990
72179 177.408587
72183 181.381881
73181 179.393575
73184 182.37Y67

74181 179.393774
74184 182.370717
76187 185.351113

75186 184.357556

179.393456

74000 182.270144

75000

76000

184.607108

l@8.605526 76187 185.349713
761W 188.326611

77000 190.564832 77189
77192
77195
78192
78195
78198
79194
79197
79200

187.335435
190.313552
193.291116
IW.312002
193.28W34
196.267230
192.299107
W5.274513
198.252836

77190 188.328738
77193 191.305288

78193 191.305353
78196 194.281504
781W 197.261301
79195 193.290179
79198 196.267581

78000 193.404284

79000195.274513
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Table4. Listingof XSDIR2,0File

80000 198.865285 80196
80200
80203
81202
81205
82203
82206
82209
83208
84209
85210
86222
87223
88226
89227
W230
W233
91231
92233
92236
92239
93235
93238
94237
94240
94243
95241
96242
96245
96248
97245
97248
98249
982S2

194.282362
198.250482
201.229219
200.237054
203.213571
201.229733
204.205025
207.185822
206.193077
207.187152
208.183242
220.\10325
221.103876
226.083728
225.077462
228.057024
231.039630
229.051160
231.037695
234.017806
237.000688
233.024904
236.005958
235.012031
237.W1619
240.973968
238.986019
239.979618
242.960245
245.961272
242.961106
245.941911
246.935164
249.916107

80198
80201
80204
81203

196.266121
IW.243852
202.i?2126!
201.228696

801W
80202

197.259026
200.235597

202.221612

203.213636
206.190011

81000 202.627636

82000 205.436794

81204

82204
82207
82210
83209
84210

202.220800
205.197852
208.180303
207.185136
208.179000

82205
82208

83000 207.185136
84000 207.187152
85000 208.183242
86000 220.110325
87000 221.103876
88000 224.083?28
89000 225.077462
90000 230.044724

91000 229.051160
92000 235.984121

83210 208.180235

W231
W234
91233
92234
92237
92240
93236

229.0515 .
232.033L39
231.038304
232.030412
235.012352
237.W4375
234.018854

90232 230.044724

92235
92238

233.024773
236.005803

93000 235.011799

96000 241.967559

93237 235.0117W

236.W8573
239.979326

94238
96241
94244
95242
96243
96246

236.004583
238.986061
241.967559
239.980121
240.973356
243.953373

94239
96242

95000 240.973348
96000 246.967884

95243
96266
96247

240.973348
261.966119
244.947884

97000 244.947835

98000 248.922674

directory
type2 files
1001.5OC 0.999170
1002.55c 1.W6800
1003.5OC 2.990160
1003.35C 2.990140
2003.50c 2.WO1OO
2004.50c4.0015UI
3006.50C 5.963400
3007.55c 6.955700
6009.50c 8.934800

97246
97249
98250

243.954859
246.935298
247.928114

97247 244.947835

98251 248.922676

3)27/91
1001.5OC2 O 2 1
1002.55c2 O 2 1
1003.5OC2 O 2 1
1003.35c2 O 2 1
2003.50c2 O 2 1
2004.50c20 2 1
3006.50c2 O 2 1
3007.55c2 O 2 1
4009.50c202 1
501O.5OC2 O 2 1

(C. T. Mb@)
27662048512 2.5300E-08
5981 2048512 2.5300E-08
24282048512 2.5300E-08
12692048512 0.0000E*OO
23202048512 2.5300E-08
3061 2048512 2.5300E-08
W32 2048512 2.5300E-08
13171 2048512 2.5300E-08
88862048512 2.5300E-08
202002048512 2.5300E-08501O.5OC 9.926900

5011.56c 10.914700 5011.56c2 O 2 1 569292048512 2.5300E.08
5011.35c 10.914730 5011.35c2 O 2 1 42892048512 0.0000E+OO
6000.50c 11.896900 6000.50c2 O 2 1 233262048512 2.5300E-08
6W2.50C 11.8%9006012.50c2 1)2 1 2332620485122.5300E-08
6012.35c 11.89A913 6012.35c2 O 2 1 5154 2048512 0.0000E+OO
6013.35c 12.8916496013.35c2 O 2 1 48862W8512 0.0000E*OO
70M.SOC 13.883000 7014.50c2 O 2 1 654572048512 2.5300E-08
7015.55c 14.e71000 7015.55v20 2 1 2092020485122.5300E-08
8016.50c 15.8580008016.50c2 O 2 1 379422048512 2.5300E-08
8016.35c 15.857S108O16.35C2 O 2 1 103572048512 0.0000E+OO
9019.50c 18.835000 W19.50C2 02 1 :413020485122.5300E-08
9w9.35c 18.8351969019.35c2 O 2 1 315472048512 0.0000E+OO
11023.5OC 22.792000 11023.5OC2 O 2 1 522522048512 2.S300E-08
11023.35c 22.792276 ‘I1023.35c2 O 2 1
12000.50c 24.096300 !2000.5P:202 1
12000.35c 21i.096206 12000.35c2 O 2 1
12000.51c 24.0963C0 12000.51c2 O 2 1
13027.50c 26.750000 13027.50c2 O 2 1
13027.35c 26.749754 13027.35c202 1
14000.50c 27.844000 14000.50c202 1
lfIOOO.35c 27.844230 14000.35c2 O 2 1
lfiOOO.51c 27.844000 14000.51c2 O 2 1

227772048512 0.0000E*OO
563342048 5122.5300E-08
96862048512 0.0000E+OO
489172048512 2.5300E-08
541622048512 2.5300E-08
36895 20485120.0000E+OO
9860920485122.5300E-08
190162048512 0.0000E+OO
881292048512 2.5300E-08
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15031 .50c 30.708000 15031 .50c2 (I 2 1
15031.35C 30.707681 15031.35C2 02 1
16032.50c 31.697000 16032.50c2 O 2 1
16032.35c 31.697413 16032.35c2 O 2 1
170(10.50c 35.148000 17000.50c2 O 2 1
17000.35c 35.148439 17000.35c2 O 2 1
18000.35c 39.604824 18000.35c2 O 2 1
19000.50c 38.766000 19000.50c2 O 2 1
19000.35c 30.762424 19000.35c2 O 2 1
20000.50c 39.736000 20000.50c2 O 2 1
20000.35c 39.735690 20000.35c2 O 2 1
20000.51c 39.736000 20000.51c2 O 2 1
21045.55c 44.569700 21045.55c2 O 2 1
22000.50c 47.467600 22000.50c2 O 2 1
22000.35c 47.488512 22000.35c2 O 2 1
22000.51c 47.467600 22000.51c2 O 2 1
23000.50c 50.504000 23000.50c2 O 2 1
24000.50c 51.549000 24000.50c2 O 2 1
24000.35c 51.549325 24000.35c2 O 2 1
24000.51c 51.549000 24000.51c2 O 2 1
25055.50c 54.466100 25055.50c2 O 2 1
25055.35c 54.466096 25055.35c2 O 2 1
25055.51c 54.466100 25055.51c20 2 1
26000.55c 55.365000 26000.55c2 O 2 1
26000.35c 55.367243 26000.35c2 O 2 1
27059.50c 58.426900 27059.50c2 0 Z 1
27059.35c 58,426927 27059.35c2 O 2 1
27059.51c 58.426900 27059.51c2 O 2 1
28000.50c 58.182600 28000.50c2 O 2 1
28000.51c 58.182600 28000.51c2 O 2 1
28058.35c 57.437649 28058.35c2 O 2 1
29000.50c 63.546000 29000.50c2 O 2 1
29000.35c 63.000104 29000.35c2 O 2 1
31OOO.5OC 69.121100 31OOO.5OC2 O 2 1
31OOO.35C 69.I2106631OOO.35C2 O 2 1
33074.35c 73.288880 33074.35c2 O 2 1
33073.35c 74.277975 33075.35c2 O 2 1
35079.55c 78.240400 35079.55c2 O 2 1
35081.55c 80.221200 35081.55c2 O 2 1
36078.50c 77.251000 36078.50c2 O 2 1
36080.50c 79.22980036080.50c2 02 1
36082.59c 81.20980036082.59c2 02 1
36083.59c 82.201800 36083.59c2 O 2 1
36084.59c 83.190600 36084.59c2 O 2 1
36086.59c 85.172600 36086.59c2 O 2 1
37085.55c 84.182400 37085.55c2 O 2 1
37087.55c 86.162600 37087.55c2 O 2 1
39088.35c 87.15430939088.35c2 O 2 1
39089.35c 88.142103 39089.35c2 O 2 1
40000.50c 90.436000 40000.50c2 O 2 1
40000.35c 90.436369 40000.35c2 O 2 1
40000.51c 90.436000 4000u.51c2 O 2 1
40093.50c 92.108300 40093.50c2 O 2 1
41093.5OC 92.105100 41O93.5OC2 O 2 1
41W3.35C 92.108258 41093.35c2 O 2 1
41093.51c 92.105100 41093.51c2 O 2 1
42000.50c %.116000 42000.50c2 O 2 1
42000.35c 95.115821 42000.35c2 O 2 1
62000.51c 95.116000 42000.51c2 O 2 1
42095.SOC 94.090600 42095.50c2 O 2 1

5733 2048512 2.5300E-08
5875 2048512 0.0000E*OO
67892048512 2.5300E-08
7054 2048 L12 0.00f1OE+OO
233132048512 2.5300E-08
129032048512 0.0000E+OO
5585 2048512 0.0000E+OO
22051 2048512 2.5300E-08
111302048512 0.0000E+OO
62624 2048512 2.5300E-08
129332048512 0.0000E*OO
53372 20485122.5300E-08
60702048512 2.5300E-08
54801 2048512 2.5300E-08
13421 20~8 512 0.0000E+OO
31832 2048512 2.5300E”08
3831220485122.5300E.08
1344542048512 2.5300E-08
92182048512 0.0000E+OO
556162048512 2.5300E-08
105093 2048512 2.5300E-08
7493 2048512 0.0000E+OO
257272048512 2.5300E”08
1783922048512 2.5300E.08
309832048512 0.0000E+OO
117075 2048512 2.5300E”08
389582048512 0.0000E+OO
28355 2048512 2.5300E”08
12W13 2048512 2.5300E-08
93575 2048512 2.5300E-08
42744 2048512 0.0000E+OO
518502048512 2.5300E-08
70392048512 0.0000E*OO
79282048512 2.5300E-08
75092048512 0.0000E+OO
50881 2048512 0.0000E+OO
50931 2048512 0.0000E*OO
10431 2048512 2.5300E-08
53422048512 2.5300E-08
90572048512 2.5300E-08
101652048512 2.5300E-08
70102048512 2.5300E-08
80692048512 2.5300E”08
103702048512 2.5300E-08
87402048512 2.5300E-08
273042048512 2.5300E-08
84W 2048512 2.5300E-08
112W 2048512 0.0000E+OO
49885 2048512 0.0000E*OO
520642048512 2.5300E-08
147382048512 0.0000E*OO
168162048512 2.5300E-08
25792048512 2.5300E-08
1289602048512 2.5300E-08
50441 2048512 0.0000E*OO
146~ 2048512 2.5300E-08
35634 2048512 2.5300E-08
86282048512 0.0000E*OO
101392048512 2.5300E.08
15411 2048512 2.5300E-08

43099.50c 98.15000043099.50c2 O 2 1 121522048512 2.5300E-08
44101.5OC IO0.039000 441O1.5OC2 O 2 1 52992048512 2.5300E-08
44103.5OC 102.022000 44103.5OC2 O 2 1 30522048512 2.5300E-08
45103.5OC 102.021000 45103.5OC2 O 2 1 188702048512 2.5300E-08
45105.5OC 104.005000 451O5.5OC2 O 2 1 1591 20485122.5300E-08
46105.5OC 104.004000 46105.5OC2 O 2 1 46472048512 2.5300E-08
66108.5uc 106.977000 461O8.5OC2 O 2 1 45492048512 2.5300E.08
47000.55c 106.942000 47000.55c2 O 2 1 29092 2048512 2.5300E-08
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47t07,50c 105.987000 47107 .5OC2 O 2 1 12111 204B 512 2.5300E-08
47107.35c 105.986718 47107.35c2 O 2 1 13134 2048512 0.0000E+OO
47109.5OC 107.969000 47109.5OC2 O 2 1 14585 2048512 2.5300E-08
47109.35c 107.969199 47109.35c2 O 2 1 13652 2048512 0.0000E+OO
40000.50c 111.460000 48000.50c2 O 2 1 19714 2048512 2.5300E-08
48000.35c 111.446335 UOOO.35C2 O 2 1 12283 2048512 0.0000E*OO
68000.51c 111.460000 48000.51c2 O 2 1 6734 2048512 2.5300E.08
50000.35c 117.670386 50000.35c2 O 2 1 59702048 5!2 0.0000E*OO
53127.55c 125.814000 53127.55c2 O 2 1 59725 2048512 2.5300E-08
54000.35c 130,172059 54000.35c2 O 2 1 41632 2048512 0.0000E*OO
54131.50c 129.781000 54131.50c2 O 2 1 225722048512 2.5300E-08
54134.35c 132.755070 54134.35c2 O 2 1 7463 2048512 0.0000E+OO
54135.50c 133.748000 54135.50c2 O 2 1 55292048512 2.5300E-08
55133.55c 131.764000 55133.55c2 O 2 1 67893 2048512 2.5300E.08
56138.50c 136.715000 56138.50c2 O 2 1 60182048512 2.5300E.08
56138.35c 136.720550 56138.35c2 O 2 1 S985 2048512 0.0000E+OO
59141.50c 139.697000 59141.50c2 O 2 1 15620 204e 512 2.5300E-08
60163.50c 141.682000 60143.50c2 O 2 1 172162048512 2.5300E-08
60145.50c 143.668000 60145.50c2 O 2 1 384732048512 2.5300E-08
60147.50c ?45.654000 60147.50c2 O 2 1 18162048512 2.5300E.08
60148.50c l&6.646000 60148.50c2 O 2 1 108672048512 2.5300E.08
61147.50c 145.653000 61147.50c2 O 2 1 91522048512 2.5300E-08
61148.50c 146.647000 61148.50c2 O 2 1 16432048512 2.5300E-08
6\149.50c 147.639000 61149.50c2 O 2 1 20692048512 2.5300E-08
62147.50c 145.65300062147.50c2 O 2 1 337732048512 2.5300E.08
62149.50c 147.638000 62149.50c2 O 2 1 156622048512 2.5300E-08
62150.50c 148.629000 62150.50c2 O 2 1 9345 2048512 2.5300E-08
62151.50c 149.423000 62151.50c2 O 2 1 73032048512 2.5300E.08
62152.50c 150.615000 62152.50c2 O 2 1 412522048512 2.5300E-08
63000.35c 150.654578 63000.35c2 O 2 1 69262048512 0,0000E+OO
63151.55c 149.623000 63151.55c2 O 2 1 86575 2048512 2.5300E-08
63152.50c 150.620000 63152.50c2 O 2 1 49313 2048512 2.5300E-08
63152.51c 150.620000 63152.51c2 O 2 1 108522048512 2.5300E-08
63153.55c 151.608000 63153.55c2 O 2 1 72971 2048512 2.5300E-08
63154.50c 152.60000063154.50c2 O 2 1 370082048512 2.5300E-08
63154.51c 152.6UOOO0 63154.51c2 O 2 1 103662048512 2.5300E-08
63155.50c 153.592000 63155.50c2 O 2 1 45322048512 2.5300E-08
64000.35c 155.899134 64000.35c2 O 2 1 78782046512 0.0000E+OO
64152.55c 150.615000 64152.55c2 O 2 1 325902048512 2.5300E-08
64154.55c 152.599000 64154.55c2 O 2 1 59814 2048512 2.5300E-08
64t55.55c 153.592000 64155.55c2 O 2 1 543462048512 2.5300E-08
64156.55r. 154.583000 64156.55c2 O 2 1 44391 2048512 2.5300E-08
64157.55c 155.576000 64157.55c2 O 2 1 67271 2048512 2.5300E-08
64158.55c 156.567000 64158.55c2 O 2 1 1139162048512 2.5300E-08
64160.55c 158.553000 64160.55c2 O 2 1 65261 2048512 2.5300E-08
67165.55c 163.513000 67165.55c2 O 2 1 56605 2048512 2.5300E-08
69169.55c 167.483000 69169.55c2 O 2 1 47941 2048512 2.5300E-08
72000.50c 176.954000 72000.50c2 O 2 1 52231 2048512 2.5300E-08
72000.35c 176.956670 72000.35c20 2 1 758622048512 0.0000E+OO
73181.50c 179.400000 73181.50c2 O 2 1 607402048512 2.5300E-08
73181.35c 179.393568 73181.35c2 O 2 1 335472048512 0.0000E+OO
73181.51c 179.400000 73181.51c2 O 2 1 215272048512 2.5300E-08
74000.55c 182.277000 74000.55c2 O 2 1 506392048512 2.5300E-08
74182.55c leO.390000 74182.55c2 O 2 1 1222902048512 2.5300E-08
74183.55c 181.380000 74183.55c2 O 2 1 79534 2048512 2.5300E-08
74:84.55c 182.370000 74184.55c2 O 2 1 800062048512 2.5300E-08
74186.55c 184.360000 74186.55c2 O 2 1 836182048512 2.5300E-08
75185.35c 183.364126 75185.35c2 O 2 1 160382048512 0.0000E+OO
75187.35c 185.3k97W 75187.35c2 O 2 1 147692048512 0.0000E+OO
77000.55c 190.5ti3000 77000.55c2 O 2 1 43071 2048512 2.5300E-08
780fJ0.35c 193.414067 78000.35c2 O 2 1 15371 2048512 0.0000E+OO
79f97.56c 195.274000 79197.56c2 O 2 1 1224822048512 2.5300E-08
7T497.35c 195.274505 7W97.35C2 O 2 1 31871 2048512 0.0000E+OO
82000.50c 205.43000082000.50c2 O 2 1 376332048512 2.5300E-08
82000.35c 205.420035 82000.35c2 O 2 1 66392048512 0.0000E+OO
83209.50c 207.185000 83209.50c2 O 2 1 149392048512 2.5300E-08
83209.35c 207.185129 83209.35c2 O 2 1 183162048512 0.0000E+OO
90231.35c 229.051567 90231.35c2 O 2 1 91572048512 0.0000E+OO
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90232,50c 230.040000 90232 .50c2 O 2 1 1527822048512 2.5300E-08
90232.35c 230.0U71890232.35C2 O 2 1 56091 2048512 0.0000E*OO
90232.51c 230.040000 90232.51c2 O 2 1 179252048512 2.5300E.08
90233.35c 231.039623 90233.35c2 O 2 1 9352 2048512 O.(IOOOE*OO
91231.50c 229.050000 91231.50c2 O 2 1 7025 2048512 Z.!1300E-08
91233.50c 231.03800091233.50c2 O 2 1 195192048512 2.5300E.08
91233.35c 231.038298 91233.35c2 O 2 1 19170 2048 512 0.09002+00
91233.51c 231.038000 91233,51c2 O 2 1 5641 2048512 2.5300E-08
92233.50c 231 .04300092233.50c2 O 2 1 18815 2048512 2.5300E.08
92233.35c 231.03768892233.35c2 02 1 29674 20485120,0000E*O0
92233,51c 231.043000 92233.51c2 O 2 1 77132048512 2.5300E.08
92234.50c 232.030000 92234.50c2 O 2 1 894332048512 2.5300E-08
92234.35c 232.030405 92234.35c2 O 2 1 85572048512 0.0000E+OO
92234.51c 232.030000 92234.51c2 O 2 1 64262048512 2.5300E-08
92235.50c 233.025000 92235.50c2 O 2 1 6W69 2048512 2.5300E-08
92235.51c 233.025000 92235.51c2 O 2 1 25801 2048512 2.5300E.08
92236.50c 234.018000 92236.50c2 O 2 1 138715 2048512 2.5300E-08
92236.35c 234.017800 92236.35c2 O 2 1 86W 2048512 0.0000E*OO
92236.51c 234.018000 92236.51c2 O 2 1 7302 2048512 2.5300E.08
92237.50c 235.01200092237.50c2 O 2 1 324452048512 2.5300E-08
92237.35c 235.012345 92237.35c2 O 2 1 9364 2048512 0.0000E+OO
92237.51c 235.012000 92237.51c2 O 2 1 103172048512 2.5300E-08
92238.50c 236.00600092238.50c2 O 2 1 88W82048512 2.5300E-08
92238.35c 236.00579792238.35c2 O 2 1 271682048512 0.0000E*OO
92238.51c 236.006000 92238.51c2 O 2 1 238602048512 2.5.’OE-98
92239.35c 237.000681 92239.35c2 O 2 1 98092048512 0.0000>20
92240.35c 237.W4368 92240.35c2 O 2 1 8495 2048512 0.0000E+OO
93235.35c 233.024897 93235.35c2 O 2 1 94902048512 0.0000E+OO
93236.35c 234.018847 93236.35c2 O 2 1 8821 2048512 0.0000E*OO
93237.55c 235.01200093237.55c2 O 2 1 325582048512 2.5300E-08
93237.35c 235.011793 93237.35c2 O 2 1 20225 2048512 0.0000E+OO
93238.35c 236.005951 93238.35c2 O 2 1 88782048512 0.0000E+OO
94237.35c 235.012025 94237.35c2 O 2 1 113002048512 0.0000E+OO
94238.50c 236.167000 94238.50c2 O 2 1 18763 2048512 2.5300E-08
94238.35c 236.004576 94238.35c2 O 2 1 156192048512 0.0000E+OO
94238.51c 236.167000 94238.51c2 O 2 1 60672048512 2.5300E-08
94239.55c 236.999000 94239.55c2 O 2 1 1020992048512 2.5300E-08
94240.50c 237.W2000 94240.50c2 O 2 1 589172048512 2.5300E-08
94240.51c 237.W2000 94240.51c2 O 2 1 151342048512 2.5300E-08
94241.50c 238.978000 94241.50c2 O 2 1 38601 2048512 2.5300E-08
94241.35c 238.986034 94241.35c2 O 2 1 8844 2048512 0.0000E*OO
94241.51c 238.978000 94241.51c2 O 2 1 134032048512 2.5300E-08
94242.50c 239.97900094242.50c2 O 2 1 714292048512 2.5300E-08
94242.35c 239.97931994242.35c2 O 2 1 211592048512 0.0000E+OO
94242.51c 239.979000 94242.51c2 O 2 1 157022048512 2.5300E-08
94243.35c 240.9~962 94243,35<202 1 107632048512 0.0000E+OO
95241.50c 238.9860009524\.5k2 G 2 1 420842048512 2.5300E-08
952kl.35c 238.986012 95241.35c2 O 2 1 252902048512 0.0000E+OO
95241.51c 238.986000 95241.51c2 O 2 1 123742048512 2.5300E-08
95242.50c 239.980000 95242.50c2 O 2 1 85932048512 2.5300E-08
95242.35c 239.980114 95242.35c2 O 2 1 209082048512 0.0000E+OO
95243.50c 240.973000 95243,50c2 O 2 1 92015 2048512 2.5300E-08
95263.35c 240.973341 95243.35c2 O 2 1 394002048512 0.0000E+OO
95243.51c 240.973000 95243.51c2 O 2 1 136842048512 2.5300E-08
9624?.50c 239.979000 96242,50c2 O 2 1 308972048512 2.5300E-08
96242.35c 239.979411 96242,35c2 O 2 1 216532048512 0.0000E+OO
96242.51c 239.979000 %242.51c2 02 1 97672048512 2.5300E-08
%243.35c 240.97334996243,35c2 O 2 1 215772048512 0.0000E+OO
96244.50c 241.966000 9624ii.50c2 O 2 1 45W1 2048512 2.5300E-08
%244.35c 241.966113 96244.35c2 O 2 ! 211% 2048512 0.0000E+OO
96244.51c 241.966000 96244.51c2 O 2 1 108472048512 2.5300E-08
96245.52c 242.96000Q 96245.52c2 O 2 1 212532048512 2.5300E-08
96245.35c 242.960238 96245,35c2 O 2 1 241282048512 0.0000E+OO
96246.35c 243.95336696266.35c2 O 2 1 124892048512 0.0000E+OO
%247.35c 244.94787796247.35c2 O 2 1 20265 2048512 0.0000E+OO
96248.35c 245.941265 96248.35c2 O 2 1 181782048512 0.0000E+OO
97249.35c 246.935292 97269.35c2 O 2 1 117832048512 0.0000E+OO
98249.35c 246.935157 98249.35c2 O 2 1 280552048512 0.0000E+OO
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98250.35c 267.928108 9B25Q.35c2 O 2 1 104072048512 0.0000E+OO
98251.35c 248.922668 98251.35c2 O 2 1 109692048512 0.0000E+OO
98252.35c 249.916101 98252.35c2 O 2 1 17908 2048 512 0.0000E+OO
lutr.Olt 0.000000 ltitr.01t2O2 1101932048512
poly.Olt0.000000poly.01t2O2 1115442046512
h/~r.Olt0.000000hzr.01t2O2 1115442040512
bent.Olt0.000000benz.01t2O2 1162412048512
hMtr.Olt0.000000hwtr.01t2O2 1101932048512
be.Olt0.000000be.01t2O2 11022L2048512
beo.Olt0.000000beo.01t2O2 1162622048512
9rph.Olt( 000000grph.01t2O2 1165722048512
zrlh.Olt0.000000wh.01t2O2 1173022048512
1000.O1PO.9993171000.O1P2O2 13892048512
2000.01P3.968217?OOO.01P202 13892048512
3000.01P6.8813123000.01P2021 3892048F12
4000.01P8.9347b34000.01p2O2 13892048512
5000.OIP10.7171685OOO.O1P2O2 13892048512
6000.O@\l.90~56000.01p2O213892048512
7000.OIP13.8864387000.01p2O2 13892048512
8000.olp15.8619428000.01p2O2 13892048512
9000.OIP18.8351979000.01p202 13892048512
1000O.O1P2O.OO6O931000O.O1P2O2 13892048512
11000.01P22.~227511OOO.O1P202 14012048512
12000.01P26.09626112000.01p2O2 14092048512
13000.01P26.74975613000.01P202 14092048512
14000.OIP27.84424114000.01P2O2 14092048512
!SOOO.Olp 30.707682 15000.01P2 O 2 1 409 2048 512
16000.01p 31.788823 16000.01p2 O 2 1 4092048512
17000.01p 35.148180 17000.01P2 O 2 1 4092048512
18000.01p 39.604489 18000.01P2 O 2 1 4092048512
19000.01p 38.762423 19000.01P2 O 2 1 4092048512
20000.01p 39.Z33857 20000.01p2 O 2 1 4172048512
21000.01p 44.569718 21OOO.O1P2 O 2 1 4172048512
22000.01p 47.455747 22000.01P2 O 2 1 4172048512
23000.01p 50.503856 23000.01P2 O 2 1 4172048512
24000.01p 51.549253 24000.01P20 2 1 4172048512
25000.01p 54.466099 25000.01P2 O 2 1 4172048512
26000.01p 55.366466 26000.01P2 O 2 1 6172048512
27000.01p 58.426930 27000.01P2 O 2 1 4172048512
28000.01p 58.182641 28000.01p2 O 2 1 4?9 2048512
29000.01p 62.999157 29000.01p2 O 2 1 6292048512
30000.01p 64.835472 30000.01p2 O 2 1 4532048512
JIOOO.O1p 69.124270 31OOO.O1P2 O 2 1 45720W512
32000.01p 72.008301 32000.01P2 02 1 4572048512
33000.Olp 74.27797933000.01P2 O 2 1 4572048512
34000.01p 78.310715 34000.01P2 02 1 4572048512
35000.01p 79.217113 35000.01P202 16572048512
360@9.01p 83.08013736000.01p2 02 14572048512
37000.01p 84.ZU459 37000.01P20 2 1 461 2048512
38000.01p 86.864379 38000.01p2 02 1 461 2048512
3W00.01p 88.142108 3WO0.01P2 O 2 1 461 2048512
40000.01p 90.43959& 40000.01p2 L 2 1 461 2048512
41000.01p 92.108263 41OOO.O1P2 O 2 1 6QI 2048512
42000.01p 95.106691 42000.01P2 O 2 1 461 2048512
43000.01p 96.G7s885 43000.01p2 O 2 1 461 2048512
44000.Olp 100.20189444000.01p2 O 2 1 461 2048512
45000.Olp 102.021490 45000.01p2 O 2 1 461 2048512
46000.Olp 105.51394946000.01p2 O 2 1 461 2048512
47000.Olp 106.941685 47000.01p2 O 2 1 461 2048512
480i10.Olp 111.44236348000.01p2 O 2 1 461 2048512
49000.01p l13.831536 49000.01P202 1 461 2048512
5WI0.Olp 117.667336 50000.01P2 O 2 1 461 2048512
SloOo.Olp 120.712028 51OOO.O1P2 O 2 1 461 2M8 512
5200D.01p126.527M9 52000.01P202 1 4732048512
53Go0.oIp 125.81430053000.olp2 O 2 1 4732048512
54000.Olp 130.165202 54000.01P2 O 2 1 4732048512
55000.Olp 131.763705 55000.01p2 O 2 1 4972048 S:2
56000.Olp 136.14680956000.01P2 O 2 1 4972048 5?2
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Table 4. Listingof XSDIR2.OFile
57000.Olp 137.712194 57000 .01P2 O 2 1 4972048512
58000.Olp 138.91120758000.01p2 021 4972048512
5W00.01p 139.697185 59000.01@02 1 6972048512
60000.Olp 142.W707560000.01P2 02 1 5092048512
61000.Olp M3.66787761000.01P2 O 2 1 521 2068512
62000.OIP 149.06020762000.01P2 02 1 521 2048512
63000.Olp 150.657141 63000.01p2 O 2 1 521 2048512
64000.Olp 155.90015864000.01p2 O 2 1 521 2048512
65000.Olp 157.56009765000.01P2 O 2 1 521 2048512
66000.Olp 161.09891966000.01P2 O 2 1 521 2048512
67000.Olp 163.51>49367000.01P2 O 2 1 521 2048512
68000.01P 165.825350 68000.0@202 1 521 2048512
69000.Olp 167.482W069000.01p2 021 521 2048512
70000.Olp 171.537027711000.01P2 021 521 2048512
71001).Olp 1Z$.46377771OOO.O1P2 02 1 521 2048512
72000.Olp 176.956288 72000.01P2 02 1 521 2048512
~000.Olp 179.393456 ~000.01p2 O 2 1 521 2048512
74000.Olp 182.269548 74000.01p2 O 2 1 521 2048512
7SOO0.Olp 184.60?108 75000.01p2 O 2 1 521 2048512
76000.Olp 188.605651 76000.01p2 O 2 1 521 2048512
77000.Olp 190.5&W32 77000.01P2 O 2 1 521 2048512
78000sOlp 193.404225 78000.0@20 2 1 521 2048512
79000.Olp 195.274513 79000.01P202 1 S21 ?048512
80000.Olp 198.875705 80000.01p2 O 2 1 521 2048512
81000.01p 202.628033 81OOO.O1P2 O 2 1 521 2048512
82000.01P 205.436151 82000.01P2 O 2 1 521 2048512
83000.01P 2O7.1O5136 83000.01P202 1 521 2048512
84030.01p 207.187152 84000.01p2 O 2 1 4672048512
85000.01p 208.183242 85000.01p2 O 2 1 4792L8512
86000.01p 220.110325 86000.01p2 O 2 1 5332048512
87000.01p 221.103876 87000.01p2 O 2 1 4792048512
88000.01p 224.083728 88000.01p20 2 1 6792048512
89060.01p 225.077462 89000.01p2 O 2 1 4792048512
90000.Olp 230.044724 90000.01p2 O 2 1 5332048512
91000.01p 229.0511b0 91000.01p2 O 2 1 4792048512
92000.01p 235.984125 92000.01p2 O 2 1 5332048512
93000.Olp 235.01179993000.01p2 O 2 1 4792048512
94000.01p 241.967359 94000.01p2 02 1 5332048512
1000.Ole 0.999317 1000.01e2 O 2 1 4782048256
2000.Ole 3.968217 2000.01e2 O 2 1 4782048256
3000.Ole 6.881312 3000.01e2 O 2 1 6782048256
4000.Ole 8.934763 AOOO.01e2 O 2 1 4782048256
5000.Olc 10.717168 5000.01e2 O
6000.Ole 11.907955 6000.01e2 O
7000.Ole 13.886438 7000.01e2 O
8000.Ole 15.861942 8000.01e2 O
9000.Ole 18.8351979000.01e2 O
10000.Ole 20.006093 10000.01e2
11000.Ole 22.79227S 11000.01e2
12000.Ole 24.096261 12000.01e2
13000.Ole 26.749756 13000.01e2
14000.Ole 27.844241 14000.01e2
15000.Ole 30.707682 15000.01e2
16000.Ole 31.788823 16000.01e2
17000.Ole 35.148180 17000.01e2
18000.Ole 39.604489 WOOO.01e2
19000.Ole 38.762423 19000.01e2
20000.Ole 39.73385720000.01e2
21000.Ole 44.569718 21000.01e2
22000.Ole 47.455747 22000.01e2
23000.Ole 50.503856 23000.01e2
24000.Ole 51.549253 24000.01e2
25000.Ole 54.4660W 25000.01e2
26000.Ole 55.366466 26000.01e2
27000.Ole 58.426930 27000.01e2
28000.Ole 58.182641 28000.01e2
29000.01e 62.999157 29000.01e2
30000.Ole 64.835672 30000.01e2

2 14782048256
2 1 4782048256
2 1 4782048256
2 1 4782048256
21 4782048256
02 1 4782048256
0214782048256
02 14782048256
02 14782048256
02 1 4782048256
02 1 4782048256
02 14782048256
02 1 4782048256
02 1 k782048256
02 1 4782048256
02 1 4782048256
02 1 4782048256
02 1 4782048256
02 1 4782048256
02 1 4782048256
0214782048256
021 4782048256
02 14782048256
0216782048256
02 1 4782048256
02 1 4782048256
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Table4. Listingof XSDIR2.OFile

31000.Ole 69.124270 31000 .01e2 O 2 1 4782048256
32000.Ole 72.008301 32000.01e2 02 1 4782048256
33000.Ole 76.27797933000.01e2 O i! 1 4782048256
34000.Ole 78.310715 34000.01e2 O 2 1 4782048256
35000.Ole 79.217113 35000.01e2 O 2 1 4782048256
36000.01e 83.080137 36000.01e202 1 4782048256
37000.01e 84.733459 37000.01e2 O 2 1 4782048256
38000.01e 86.864379 38000.01e2 O 2 1 4782048256
39000.Ole 88.142108 39000.01e2 O 2 1 4782048256
40000.Ole 90.439594 40000.01e2 O 2 1 4782048256
41000.01e 92.108263 41000.01e2 O 2 1 4782048256
42000.01e 95.106691 42000.01e2 O 2 1 4782048256
43000.01e 96.073885 43000.01e2 O 2 1 478 201i8 256
44000.Ole 100.201894 44000.01e2 ‘1 2 1 4782048256
45000.Ole 102.021490 45000.01e2 O 2 1 4782048256
46000.Ole 105.51394946000.01e2 O 2 1 4782048256
47000.Ole 106.941685 47000.01e2 O 2 1 4782048256
48000.Ote 111.442363 48000.01e2 O 2 1 4782048256
49000.Ole 113.83153649000.01e2 O 2 1 4782048256
50000.Ole 117.66753650000.01e2 O 2 1 4782048256
51000.Ole 120.71202851000.01e2 02 1 4782048256
52000.Ole 126.52781952000.01e2 02 1 4782048256
53000.Ole 125.814300 53000.01e2 O 2 1 4782048256
54000.Ole 130.165202 54000.01e20 2 1 4782048256
55000.Ole 131.763705 55000.01e2 O 2 1 4782048256
56000.Ole 136.lUM0956000.01e2 O 2 1 4782048256
57000.Ole 137.712194 57000.01e2 O 2 1 4782048256
58000.Ole 138.91120758000.01e2 02 1 4782048256
59000.Ole 139.697185 59000.01e2 O 2 1 4782048256
60000.Ole 142.W7075 60000.01e2 02 1 4782048256
61000.Ole 143.66787761000.01e2 O 2 1 4782048256
62000.Ole 149.06020762000.01e2 O 2 1 4782048256
63000.Ole 150.657141 63000.01e2 O 2 1 4782048256
64000.Ole 155.90015864000.01e2 O 2 1 4782048256
65000.Ole 157.56009765000.01e2 O 2 1 4782048256
66000.Ole 161.09881966000.Oltd 02 1 4782048256
67000.OIC 163.513493 67000.01e2 O 2 1 4782048256
68000.Ole 165.82535068000.01e2 O 2 1 4782048256
69000.Ole 167.48299069000.01e2 02 1 4782048256
70000.Ole 171.53702770000.01e2 02 1 4782048256
71000.Ole 173.46377771000.01e2 02 1 4782048256
72000.Ole 176.956288 72000.01e20 2 1 4782048256
73000.Ole 179.393456 ~000.01e2 O 2 1 4782048256
74000.Ole 182.269548 74000.01e20 2 1 4782048256
7SOO0.Ole 184.607108 75000.01e2 O 2 1 4782048256
76000.Ole 188.605651 76000.01e2 O 2 1 4782048256
77000.Ole 190.564832 77000.01e2 O 2 1 4782048256
78000.Ole 193.404225 78000.01e202 1 4782048256
79000.Ole 195.274513 79000.01e2 O 2 1 4782048256
80000.Ole 198.875705 80000.01e2 02 1 4782048256
81000.Ole 202.628033 81000.01e2 O 2 1 4782048256
82000.Ole 205.436151 82000.01e202 1 4782048256
83000.01e 207.185136 83000.01e2 O 2 1 4782048256
84000.01e 207.187152 84000.01e20 2 1 4782048256
85000.Ole 208.18324285000.01e2 O 2 1 478?048256
86000.Ole 220.110325 86000.01e2 O 2 1 4782048256
87000.Ole 221.10387687000.01e2 02 1 4782048256
88000.01e 224,083728 88000.01e202 1 4782048256
89000.01e 225.077462 89000.01e202 1 4782048256
90000.01e 230.044724 90000.01e202 1 4782048256
91000.01e 22V.051160 91000.01e202 1 4782048256
92000.01e 235.984125 92000.01e202 14782048256
93000.01e 235.011799 93000.01e202 1 4782048256
94000.01e 241.967559 94000.01e202 1 4782048256
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12. LISTOF ZAIDSIN THEX6XS.OCROSS-SECTIONLIBRARY

Thefollowingtablesgiveabbreviatedinformationregardingthe cross-sectiondata
for eachZAID in the X6XS.Ocross-sectionlibrary. Ther~are a total of 3 tab!es. Table5
gives informationregardingeachevaluationsorted by ZAID. Table6 is similarto Table
5 but is sorted by source,and Table7 is sorted inverselyby file !ength. Tables6 and 7
do not repeatthe thermal,photon,andelectronlibrariesthataregivenin Table5. Tables
5, 6, and 7 consistof 8 columns. Thesecolumnsare describedbelow -

12.1

12,2

12.3

12.4

12.5

12,6

12.7

12,8

ZAID Identifier. The first 5 charactersrepresentthe ZA. This is Z*1OOO
plus the nearest integer to the atomic weight. The natural form of a
particularZ is representedby Z*IOGOplus zero. The 2A is fo;lowedby a
period, Thenthereare3 charactersto representa particularevaluationfor
the 2A. These3 charactersconsistof a 2 digit numberand a letter. The
letter can be “c” for continuousneutronevaluation,‘1”for special thermal
evaluation,“p”for photonevaluation,or “e”for electronevaluation.Usually,
the largerthe 2 dig!t number,the mor~recer?the eva!:.:~tion(50c is more
recentthan 10c). All51cevaluationsstandfoi “thinned”representationsof
the corresponding50c evaluations.

Sourceof the Data. This is a briefdescriptorto identifythe sourceof !he
originaldata from whicha particularevaluationwas performed. Examples
are ENDF/B-V,ENDL-85,etc.

Temperature. This column indicatestl?etemperature(in degrees Kelvin)
for which the evaluationwas pericrmed. All of the evaluationsin the
X6XS.OlibraryareeitherOor 3Gl degreesKelvin. OdegreesKelvinmeans
that no Dopplerbroadeningwas pedcrmed.

Photon Production. This column indicateswith a y~s or no whetherthe
evaluationincludesthe production of photons resultingfrom the various
neutron interactions.

Type 1 Length. This is the lengthof the file in bytes (8 bits per byte)on a
SUNworkstationwhen the file is in Type 1 (ASCII)format.

Type 2 Length. Thisis the lengthof the file in byteson a SUNworkstation
when the file is in Type2 (binary)format.

Nubar. For elementshavinga fission cross-section,this column defines
the meaningof nubar in the data file. “prompt” meansthat nubar is the
numberof promptneutronsproducedper fission. “total”meansthat nubar
is the number of prompt plus delayed neutrons produced per fission.
“both” meansthat nubar-promptand nubar-totalare both availablein the
data file.

Comments. Additionalinformationregardinga particular,”ZAIDis included
as note lettersin this column, The notes are given on the next page.
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EXPLANAT~RYNC)TESFORTHEX6XS.OCROSS-SECTIONLIBRARY

a.

b.

c.

d.

e.

f,

9.

h.

i,

j.

k.

TheseZAIDScannot be distributedindiscriminately.See Refs.5 and 6.

The data for ZAIDS6000.50cand 6012.50care identical.

Photonproductionaddedto ENDF/B-Vneutronfilesby R.E.Macfarlane,T-2,with
intent to estimatephoton heating roughly, Reference:R. C. Little, “Argon and
Krypton Cross-SectionFiles,”Los PJamosNationalLaboratory memo to P. D.
Soran (June30, 1982).

Thesedata are valid to 5 Mev;they were extendedto 20 Mevfor completeness
only. Reference:R. C. Little, “SC-45 Cross Sections for MCNP,”Los Alamos
NationalLaboratorymemoX-6:RCL-85-430to C. D. Bowman(August27, 1985).

Thesedata were taken from incompletefission-productevaluations. Reference:
R. C. Little,“Cross Sectionsin ACE Formatfor Various1PTarget Materials,”Los
AlamosNationalLaboratorymemoto D. Davidson(August19, 1982).

Photon-productiondatawereaddedto ENDF/B-Vneutroncrosssectionsby P,G.
Young,T-2. Thesedata arevalidto 1 Mevonly,heatingnot good. Reference:R.
C. Little and R, E. S~amon, “ENDF/B-V GD Cross Sections with Photon
Production,”Los AlamosNationalLaboratorymemoX-6:RCL/RES-86-30to A. R.
Larson (January22, 1986).

This has to do with file TM1693. Filecreated by R. C. Little. Use with caution.
The file was first writtenon 09/29/86,

Thishasto do withfile IRNAT3.Filecreatedby R.C. Little. Usewithcaution. The
file was first writtenon 09/19/86.

Thishasto do with file PA2313.Filecreatedby R.C. Little. Usewithcaution. The
file was first writtenon 01/25/88.

Very little detailwas given in the c“iginal ENDF/B-Vevaluationfor CM-245. The
updated evaluationavailableunder ENDF/B-VRevision2 is very complete. The
two sets are compared in Little’smemoY-6:RCL-86-220.Reference:R. C. Little,
“MonteCarloCrossSectionsfor CM-245,”LosAlamosNationalLaboratorymemo
X-6:RCL-86-220to J. T. West (June3, 1986).

The user may wish to delete these ZAIDSfrom the library because they would
probably neverbe needed (seeSection4.37).
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Table5. X6XS,0Cross-SectionLibrary (Sortedby ZAID)

Conti!tuous Neutron
Evaluations:

ZAID

1001.50C
1002.55c
1003.35C
1003.5OC
2003.50c
2004.50c
3006.50c
3007055C
4009.50C
501O.5OC
5011.35C
5011.56c
6000.50c
6012.35c
6012.50c
6013.35c
7014.50C
7015.55C
8016.35c
8016.50c
9019.35C
9019.50C

11023.35c
11023.5OC
12000.35c
12000.50c
12000.51c
13027.35c
13027.50c
14000035C
14000.50C
14000.51C
15031.35C
15031.50C
16032.35c
lh032.50c
17000.35C
17000.50C
18000.35c
19000.35C
19000.50C
20000.35c
20000.50c
20000.51c
21045.55c
22000.35c
22000.50c
22000.51c
23000.50c
24000.35c
24000.50c
24000.51c
25055.35c
25055.50c
25055.51c
26000.35c
26000.55c
27059.35c
27059.50c
27059.51c
28000.50c
28000.51c
28058.35c
29000.35c

SWRC:

endf/b-v
grp.lt-2

end(-85
endf/b-v
endf/b.v
endf}b-v
endflb-v
grp.lt-2
endflb-v
endf/b-v

endl”85
grp./t-2
endf/b-v

endt-85
endf/b-v

end(-f)5
endf/b”v
grp./t.2

endl-85
●ndf/b-v

endi-85
endf/b.v

endl-85
endf/b-v

endl-85
endf/b-v
endf/b-v

endl”85
endf/b-v

endl-83
endflb-v
endf/b-v

endl-85
endf/b-v

erdl-85
endflb-v

endl-85
endf/b-v

end[-85
endl-85

endf/b-v
endl”85

endf/b-v
endflb-v
grp./t-2

endl”85
endf/b-v
endf/b”v
erdflb-v
●ndl-85

etuiflb-v
endflb-v

endl-85
endflb-v
endflb-v

endl-85
grp./t-2

erd(-85
endf/b”v
endf/b-v
endf/b”v
endf/b-v
●nd[-85
endl-85

TEHP
(K)

300
300

30:
300
300
300
300
300
300

30:
300

30:

30:
300

30:

30:

30:

30:
300

30:

30:
300

30:

30:

30:

:
300

30:
300
300

30:
300
300

30:
300

30:
300

0
300

30:
300
300
300

0
0

PHOTON
PRCQ.

yes
yas

no
no
no
t-m

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
ycs
yes

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

no
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

TYPE 1
LENGTH

56909
122033
26615
50024
47837
62903

201980
267390
180839
40W07

87770
1153730
473249
105266
473249

W839
921422
424487
210647
769223
639704
894530
462152

1058960
197039

1141661
W1487
74ROOI

1097678
385931

1997750
1785530

119846
117011
143741
138395
262163
473006
114014
226280
447410
262811

1268W3
1081640

123800
272693

1110638
645455
776675
187562

2723591
1127081

152651
2129051

521849
628283

3613295
789~7

2371646
575066

2834156
1895~1
866423
143417

TYPE 2
LENGTH NUBAR COMNENTS

14336
?6624

8192 note k
12288
12288
14336
43008
55296
38912
83968
20480

231424
96256
24576
96256
22528

184320
86016
45056

155648
129024
180224
942g8

212W2
40960

229376
198456
151552
7:9136

14872
397312
356352

26424
26624
30720
30720
55296
96256
24576
47104
92160
55296

253952
217088

26624
57344

223232
131072
155648
40960

540672
225280

32768
423936
106496
126976
716800
15974f9
471040
116736
563200
376832
174080
30720

notek

noteb
rvxek
noteb

notea

notek
notec
notek

notek
notea
note k
notea
noteak
notek

notek
notea
notea k
notek
notea
notek
notea
notek
notea

notek
notea
notek
notea
noteak
noted
notek
notea
notea k
notea
notek

notek
notek

notek
notek

notek
notea
noteak

notek
notek
notek
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2A1O

29000.50c
31OOO.35C
31000050C
33074.3SC
33075.35C
35079.55C
35081.55C
36078.50C
36080.50C
36082.59c
36083.59C
36084.59C
36086.59c
37085.55C
37087.55C
39088.35C
39089.35c
40000.35C
40000.50C
40000.51C
40093.50C
41093.35C
41093.5OC
41093.5IC
42000.35c
k2000.50c
62000.51c
42095.50c
430W.50C
44101.5OC
44103.50C
45103.5OC
45105.5OC
46105.5OC
46108.5OC
47f)oo.55c
4?I07.35C
47107.50C
47109.35C
47109.50C
48000.35C
48000.50C
48000.51c
50000.35C
53127.55c
54000.35C
54131.50C
54134.35C
54135.50C
55133.55C
56138.35c
5613B.50c
59141.50C
60143.50C
60145.50C
60147.50C
60148.50c
61147.50c
61148.50c
61149.50c
62147.50c
62149.50c
62150.50c
62151.50c
62152.50c

Table5. X6XSACross-SectionLibrary(Sortedby ZAID)

SWRCE

end f/b. v
endl-85

endf/b-v
endt-85
end\ -85

grp./t-2
grp./t-2
endf/b”v
crdf/b-v
grp.lt-2
grp./t-2
grp./t.2
grp./t-2
grp.jt-2
grp./t-2

endl-85
endt-85
endl-85

endf/b-v
endf/b.v
●ndf/b-v

endl-85
endf/b-v
endf/b-v

endl-85
endf/b-v
●ndflb-v
endf/b-v
endf/b-v
endflb-v
●ndflb-v
endflb-v
●ndf/b-v
●ndf/b.v
endflb.v
grp./t-2

endl-85
endf/b-v

eIuil-85
endf/b.v

endl-85
endflb”v
erxff/b-v

endl-85
grp./t-2

endl-85
endf/b-v

endl”85
etxfflb.v
grp./t-2
●,d{-85

endf/b-v
endf}b-v
endf/b-v
endf/b.v
endf/b-v
endf/b-v
endf/b”v
●ndf/b-v
edf/b”v
endf/b-v
endf/b-v
endf/b”v
endf/b-v
endf/b.v

TEMP
(K)

300

30:
o

30:
300
300
300
300
300
300
300
300
300

0
0

30:
300
300

30:
300

30:
300
300
300
300
300
300
300
300
300
300

30:

30:

30:
300

30:

30:

30:
300

30:
300
300
300
300
300
300
300
300
300
300
300
300
300

PHOTW
PRW.

yes
yes
yes
yes
yes

no
no
no
no

yes
yes
yes
yes

no
no

yes
yes
yes

no
no
M

yes
yes
yes
yes
yes
yes

m
no
no
m
no
no
no
no

yes
yes

no
yes

no
yes

no
no

yes
no

yes
no

yes
no
no

yes
yes

no
m
no
m
no
no
M
no
no
no
no
no
no

TYPE 1
LEIIGTH

1050860
15297s
1613W

1031258
1032230
212089
109049
184322
206759
142813
164278
210853
177805
553739
171176
23682

1011089
299342

1055153
341381

53102
1022348
2612297

298046
175574
722486
206192
312950
24h~35
108182
62660

383015
33095
94979
93035

58W70
266861
246125
273260
296264
249608
400106
137261
121790

I210325
839855
457940
152003
112880

13~702
122114
122762
317162
349481
~6
37631

220934
186185
34148
42815

M4821
318053
190154
148763
836210

IYPE 2
LENGTH NUBAR

210944
32768
34816

20’%8
206848

45056
24576
38912
43008
30720
34816
45056
38912

112640

49152
202752

61440
210944

69632
14336

204800
518144

61440

145408
43008
65536
51200
24576
14336
77824
10240
&52n
2W0

118784
55296
51200
57344
61440
51200
81920
30720
26624

24M64
167936
94208
32768
24576

274432
26624
26626
65536
71680

157696
10240
47104
38912
10240
12288

137216
65536
49960
32768

167936

CCWEMTS

nOIC k
note n
note k

note e
note e
note 8
Mte a
note c
note c
note c
note c
note e
note e
note k

rmte k
note a
note o k
note k
note k
note a
note a k
note k
ncte a
note a k
note k
note a k
note k
note k
note a
note k
note k
note k

note k
note a
note k
note a
note k

nute k

note e

note a k
note k
note a k
note ●

note k
note k

note k
note k
note k
note k
note k
note k
note k
note k
note a k
note k
note k
note k
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2AIC

63000.35C
63151.55c
63152.50c
63152.51c
63153.55C
63154.50C
63154.51C
63155.50C
64000.35C
64152.5SC
64154.55C
64155.55C
64156.55c
64157.55C
641S8.55C
64160.55C
67165.55c
69169.55c
72000.35c
7200C.50C
73181.35c
73181.50c
73181.51c
74000.55C
74182.55c
74183.55c
?6184.55:
76186.55C
75185.35c
75187.35c
77000.55C
78000.35C
79197.35C
79197.56C
82000.35C
82000.50c
83209.35c
83209.5uc
90231.35c
90232.35c
W232.50C
90232.51c
90233.35c
91231.50c
912J3.35c
912J3.50c
91233.51c
92233.35c
92233.50c
92233.51c
92234.35c
92234.50c
92234.51c
92235.50c
92235.51c
92236.35c
92236.50c
92236.51c
92237.35c
92237.50s
92237.51c
92238.35C
92238.50c
92238.51c
9~239.35c

Table 5. X6XSACross-SectionLibrary(Sortedby ZAID)

SUJRCE

endl-85
grp./t-2
endf/b.v
endf/b-v
grp./t-2
erdf/b-v
endf/b”v
endflb”v

erKfl-85
grp./t-2
grp.lt-2
grp.lt.2
grp./t-2
grp./t-2
grp.lt-2
grp./t-2
grp.lt-2
grp./t-2

endl-85
endf)b-v

erdl-85
erdf/b-v
●ndf/b-v
grp.lt-2
grp.}t-2
grp.lt-2
grp./t-2
grp.lt-2

endl-85
endl-@5

grp./t-2
end(-85
endl-85

grp./t-2
etuJ1.85

endf/b-v
endl-85

&f/b-v
endl-8S
*1-85

&xIf/b-v
etuiflb.v

endl-85
endf/b-v

erdl-85
erxif/b-v
endflb.v

endl-85
endflb-v
endf/b.v
●ndl-85

etdflb.v
erdf/b-v
endf/b-v
&f/b-v

eruf(-85
endflb-v
erdflb-v

erldl-85
endf/b-v
endflb-v

end(-85
endf/b-v
endf/b-v

end:-85

TENP
(K)

30:
300
300
300
300
300
300

30:
300
300
300
300
390
300
300
300

30:
o

300
300
300
300
300
300
300

0

30:
o

30:
o

300

30:
o

30:
300

30:

30:
300

30:
300

30:
300
300
300

30;
300

30:
300

30:
300

0

PHOTOII
PR~.

yes
yes

no
no

yes
no
no
m

yes
yes
yes
yes
yes
yes
yes
yes
yes

no
yes

no
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

no
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

no
yes

no
m

yes
no
no

yes
no
no

yes
yes
yes

m
m

ycs
yes
yes
yes
yes
yes
yes

TYPE 1
LENGTH

161149
175402\
9W506
220610

1478540
750269
210809

92630
160427
660822

1212108
1101381
8W772
958092

2307633
1322430
1167169
971688

1537103
1058555
680204

1230842
436799

1026317
2477270
1611461
1621019
1694162
325667

m
312140
646265

2481158
135317
762986
3717S6
303392
186347

1136720
3W4733

3638W
190235
143174

?%Z
115168
601796
381881
157106
174197

1811936
131024

1225820
523388
177032

2809856
148763
190478
657929
209837
55too9

1803107
684022
199550

TYP: 2
LENGTH

30?20
350208
200704

47104
2%912
151552
45056
20680
34816

133120
261664
221184
180224
192512
458752
264192
229376
194560
307200
212W2
137216
245760

90112
204800
491520
321536
323584
337920

67584
61440

176128
65536

131072
493566

28672
153600
75776
63488
38912

227328
614400

75776
0960
30720
79872
81920
26624

120832
77824
34816

360448
28672

2457S0
1064%

557056
32768
40960

133120
45056

112640
358400

98304
43008

MJBAR

prcqt
prapt

both
both

prafpt
total

pronpt
tota(
total

proapt
both
both

pronpt
total
total
both
both

protrpt
total
twal

prarpt
total
total

prcqx
both
both

proirpt

CCWEHTS

note a k
note a k

note a k
note a k
note k

note f
note f
note f
note f
note f
note f
note f

note g
note k
note a
note k
note a
note a k

note h

note k

note k

note k
note a

note k
note a
rmte a k

note i
note k
note a
note a k
note k
note a
note a k
note k
note a
note a k

note k
note k
note a
note a k
note k

note k
note k

note k
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Table5, X6XSACross-SectionLibrary (:Sortedby ZAID)

ZAID

92240.35c
93235.35c
93236.35c
93237.35c
93237.55c
93238.35c
9Q37.35C
94238.35c
94238.50c
94238.51c
94239.55c
942k0.50c
94240.51c
94241.35c
94261.50c
94241.51c
94242.35c
94242.50c
94242.51c
94243.35c
95241.35c
95241.50c
95241.51c
95242.35c
95242.50c
95243.35c
95243.50c
95243,51c
96242.35c
96242.50c
96242.51c
96243.35c
96244.35c
96244.50c
96244.51c
96265.35c
96265.52c
96266.35c
96247.35c
96248.35c
97249.35c
98249.35c
98250.35c
98251.35C
98252.35c

SUJRCE

endl-85
eIxll-85
erdi-85
endl”85

grp.lt-2
cdl-85
erukl-85
endl-a5

endf/b-v
endflb”v
grp.lt-2
andflb-v
endf/b-v

endl-85
emlf/b-v
endf/b-v

efK1l-85
●ndflb-v
endf/b”v

endt”85
endl.85

endflb-v
endf/b-v

endi”85
endflb-v

erdt-85
endfib”v
endf/b-v

endi-85
erdflb-v
endf/b-v

endi-85
emit-85

edflb-v
endf/b-v

udl-85
rdfb-v.2

endl-85
endl-85
endl-85
endl-85
endl-85
endl-85
●ndl-85
endl-85

rE)fP
(K)

o
0

;
300

0
0

30:
300
300
300
300

30;
300

30:
300

0

30:
300

30:

30:
300

30:
300

0

30:
300

30:
o
0
0
0
0
0

:

PHOTW
PR~.

yes
yes
yes
yt3

no
yes
yes
yes

no
no

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

Therms{ Library (See Ref. 6 for the source of these tfete):

be.olt
btnz.olt
bao.olt

grph.olt
nutr.Olt

hzr.Olt
lutr.Olt
poly.olt

zrh.Olt

. 300
300

. 300

. 300. 300

. 300. 300

. 300

. 300

no
no
no
no
no
no
no
no
no

TYPE 1
LENGTH

172901
193070
179543
610474
660197
180677
229682
317162
380828
1237’34

2068382
1193987
307361
179948
782588
272288
429347

1447355
318863
218828
513020
853058
251471
424244
174926
798707

1864181
277958
439391
626582
198659
437852
430076
932195
220529
489469
431203
253820
411284
36W02
239483
568W1
213239
223040
363494

207893
329798
330203
336440
207326
234623
207326
234623
351263

TYPE 2
LENGTH

40960
38912
83968

133120
38912
49152
65536
77824
26624

611648
239616
63488
38912

157696
57344

288768
65536
47104

104448
172032
53248
86016
368&

159744
370688

57344
90112

126976
43008
90112

186368
47104

100352

53248
839M
75776
51200

114688
45056
47104
73728

43008
6~84
67584
69632
43008
49152
43008
49152
71680

NUBAR

prcapt
pronpt
pronpt
prqt

both
pr~”
prcmpt
p;~;

total
both
both
both

prcapt
both
both

prmpt
both
both

prcqt
p;~:

totet
prompt

tota(
p;~:

total
prqt

total
total

prcqx
prcnpt

totat
total

prcmpt
b&h

prompt
prcqt
prcmpt
pl’cfrpt
prcapt
prcqx
prcmpt
prcapt

CC#NENTS

note k

note k
note a
note a k

note a
note a k
note k
note a
note a k
note k
note a
note a k

note k
note a
note a k
note k
note a
note k
note a
note a k
note k

note k

note k
note a
note a k
note k
note a j
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Table5. X6XSACross-SectionLibraty (Sortedby ZAID)

TEHP PHOTON
ZAID SWRCE (K) PRCO.

Photon Library (See Ref. 6 for the source of these data):

looooolp
Zooo.olp
3ooo.clp
4ooo.olp
Sooo.olp
6000.Olp
7ooo.olp
aooo.olp
9ooo.olp

loooo.olp
Ilooo.olp
Izooo.olp
13000.olp
lbooo.olp
15noo.olp
16000.Olp
17000.olp
18000.131p
19000.olp
2oooo.olp
21000001p
22000.olp
23000.Olp
24000.olp
25000.Olp
26000.Olp
27000.Olp
28000.Olp
29000.Olp
3oooo.olp
31000.olp
32000.Olp
33000.olp
34000.olp
35000.olp
36000.olp
37000.olp
38000.Olp
39000.otp
6oooooolp
41000.olp
42000.olp
43000.olp
44000.olp
45000.olp
46000.Olp
k7000.olp
48000.olp
49000.olp
Soooo.olp
Slooo.olp
52000.Olp
53000.olp
54000.olp
Ssooo.olp
56000.olp
57000.olp
Saooo.olp
59000.olp
6oooo.olp
61000.Olp
62000.Olp
63000.Olp

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

— —

TYPE 1
LENGTH

:Z
8795
8795
8795
8795
8795
8795
8795
8795
9038
9200
9200
9200
9200
9200
9200
9200
0200
9362
9362
9362
9362
9362
9362
9362
9362
9605
9605

10091
10172
10172
10172
10172
10172
10172
10253
10253
10253
10253
10253
10253
10253
10253
10253
10?53
10253
10253
10253
10253
\0253
10496
10496
10496
10982
10982
1W82
10982
10982
11225
11468
11468
11468

TYPE 2
LENGTH NIJBAR CCWENTS

4096
4096
4096
4096
4096
4W6
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4096
4W6
6W6
4W6
4096
4W6
4096
4W6
4096
4096
4096
IiW6
4096
4W6
4W6
4096
4096
4096
4096
4096
4096
4W6
4096
4W6
4W6

:%

:E
6146
6146
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Table5. X6XSAC\”oss-SectionLibrary(Sortedby ZAID)

ZAID

ti:lo.ulp
65000. Dlp
66000”.olp
67000.Olp
68000.olp
69000.Olp
7oooo. o!p
71000.olp
nooo.olp
73000.olp
74000.olp
75000.olp
76000.Olp
77000.olp
78000.olp
79000.olp
6oooo.olp
81000.Olp
82000.Olp
83000.olp
84000.olp
85000.Olp
86000.01!1
8700000fp
88000.cip
awoo.olp
9oooo.olp
91000,01p
92000.Olp
93000.olp
94000.olp

SOURCE

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

TE)IP
(K)

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

PHOTON
PRCO.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Electron Library (S?e Ref. 6 for the source of these deta):

1000.Jle . . .
2000.Ole . .
3ooo.ole . . .
4000.Ole . . .
5000.Ole . .
6000.Ole
7000.Ole . . .
8000.Ole .
9000.Ole . .

10000.Ole
11000.Ole .
12000.Ole .
13000.Ole . . .
14000.Ole . . .
15000.Ole .
16900.Ole . . .
17000.Ole .
IPOOO.Ole . . .
lflooo.ole .,
2UOO0.Ole . . .
21000.Ole . . .
22000.Ole . .
23000.Ole . .
24000.Ole . . .
25000.Ole .’ . .
26000.Ole . .
27900.Ole . . .
ZVIOO.Ole . . .
290”A.Ole . .
30000.Ole . .
31r’0.01e . . .

TYPE 1
LENGTH

11468
11468
11468
11468
11468
11468
11468
11468
11468
11466
IIUM
11468
11468
11468
11468
11468
11468
11468
11468
11468
10334
10577
11711
10577
10577
10577
11711
lo5n
11711
105”:”?
11711

10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
105?7
10577
10577
10577
10577
10577
10577
10577
10577
10577
lo5n

TYPE 2
LENGTH NUBAR

6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
614:
6144
6144
6144
6144
6144
6144
6144
4096
/8096
6144
4096
4096
4096
6144
4096
6144
4096
6144

6144
6144
6144
6144
6144
6144
6144
6164
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144

CWNENTS
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ZAID

32000.Ole
33000.Ole
34000.Ole
35000.Ole
36000.Ole
37000.Ole
38000.Ole
39000001e
40000.Ole
41000.Ole
42000.Ole
43000.Ole
44000.Ole
45000.Ole
46000.Ole
47000.Ole
48000.Ole
49000.Ole
50000.Ole
51000001e
52000.Ole
53000.Ole
54000.Ole
55000.Ole
56000.Ole
57000.Ole
58000.Ole
59000.Ole
60000.Ole
61000.Ole
62000.Ole
63Coo.ole
64000001e
65000.Ole
66000.Ole
67000.Ole
68000.Ole
69000.Ole
70000.Ole
71000.Ole
72000.Ole
73000.Ole
74000.Ole
75000.Ole
76000.Ole
77000.Ole
78000.Ole
79000.Ole
80000.Ole
61000.Ole
82nO0.Ole
83000.Ole
84000.Ole
85000.Ole
86000.Ole
87000.01+
8800i3.Ole
89000.Ole
90000.Ole
91000.Ole
92000.Ole
93000.Ole
94000.Ole

Table5. X6XSACross-SectionLibrary(Sortedby ZAID)

SC41RCE

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

TEHP
(K)

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

PHOTW
PROO.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

TYPE 1
LENGTH

10577
lo5n
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
!0577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
lo5n
i0577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577
10577

TYPE 2
LENGTH NUBAR CWENTS

6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6146
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6144
6146
6144
6144
6164
6144
6164
6144
6146
6144
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Table6. X6XS.C)NeutronCross-Sections(Sortedby Source)

Continuous Neutron
Evaluations:

ZAID

1003.35:
5011 .3’,.
6012.35c
6013.35c
8016.35c
9019.35C

11023.35c
12000.35c
13027.35c
14000035C
15031.35C
16032.35c
17000035C
18000.35C
19000.35C
20000.35c
22000.35c
24000.35c
25055.35c
26000.35c
27059.35c
28058.35c
29000.35c
31OOO.35C
33074.35C
33075.35C
39088.35C
Z9089.35C
40000.35C
41093.35C
42000.35c
47107.35C
47109.35C
48000.35C
50000.35C
54000.35C
54134,35C
56138.35c
63000.35c
64000.35C
72000.35c
73181.35c
75185.35c
75187.35c
78000.35C
7W97.35C
82000.35c
83209.35c
90231.35c
90232.35c
90233.35c
91233.35c
92233.35c
92234.35c
92236.35c
92237.35c
92238.35c
92239.35c
92240.35c
93235.35c
93236.35c
93237.35c
93238.35c
94237.35c

SOURCE

endl-85
endl-85
endl-85
cdl-85
endl-85
endl-85
ertdl-85
end(-85
endl-85
endl-85
endl-85
endl-85
ertdl-85
endl-85
endl-85
endl-85
erdl-85
endl-85
encll.85
erdl.85
endl.85
endl-85
cndl-85
endl-d5
endl-85
endl-85
endl-85
endl-85
endi-85
endl-85
endl-85
endl-85
endl-85
endl-85
endl-85
endl-85
endl-25
endl-85
endl-85
end(-85
erdl-85
encll-85
endl-85
end(-85
mall-8>
endl-85
endl-85
endl-85
end\.85
endl-85
end(-85
endt-85
endl-85
endl-85
●ndl-85
endl-85
end(-85
endl-85
endl-85
endl”85
endl-85
●ndt-85
●nd(-85
endl-85

TEHP
(K)

o
0
0
0
0
0

:
o
0
0
0
0
0
0
0
0
0
0
0

:
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

:

;
o
0
0
0
0
0
0
0
0
0
0
0
0
0

:

:
o
0

PHOTON
PROO,

no
yes
yes
yes
yes
yes
yeti
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

TYPE 1
LENGTH

26615
87770

105266
W839

210647
639704
462152
197039
748001
385931
119846
143741
262163
114014
226280
262811
272693
187562
152651
628283
789797
866423
143417
152975

10312~8
1032230

229682
1011089
2W342

1022348
175574
266861
273260
249608
121790
839855
152003
122114
141149
160427

1537103
680204
325667
299990
312140
646265
135317
3717S6
186347

1136720
190235
389090
601796
174197
177t132
190478
551009
1W550
172901
193070
179543
610474
180677
229682

TYPE 2
LENGTH

8192
20480
24576
22528
45056

129024
94208
40960

151552
79872
26624
30720
55296
24576
47104
55296
57344
40960
32768

126976
159744
174080
30720
32768

206848
206848

49152
202752

61440
204800

36864
55296
57344
51200
26624

167936
32768
2t%24
30720
34816

307200
137216
67S84
61440
65536

131072
28672
75776
38912

227328
40960
79872

120832
36864
36864
40960

112640
43008
36864
40960
38912
83968
38912
49152

WBAR

prcurpt
pronpt
prcqx
prqt
prcqx
pronpt
pronpt
pronpt
prompt
prcapt
prcqx
prcapt
prcqx
prcmpt
prcqt
pronpt

CCWENIS

note k
note k
note k

note k
note k
note k
note k
note k
note k
note k
note k
note k

note k
note k
note k
note k
note k
note k
note k
note k
note k
note k
note k

note k

note k
note k
note k
note k
note k
note k

nore k
note k

note k
note k

note k
note k
note k

note k

note k
note k
note k
note k
note k
note k

note k
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Table6, X6XSANeutronCross-Sections(Sortedby Source)

ZAID

91i238.35c
94241 .35c
9421i2.35c
94243.35c
95241 .35C
95242.35c
95243.35c
96242.35c
96243.35c
96244.35c
96245.35c
96246.35c
96247.35c
96248.35c
97249.35c
98249.35:
98250.35c
98251.35c
98252.35c

1001.5OC
1003050C
2003.50c
2004.50c
3006.50c
4009.50C
501O.5OC
6000.50c
6012.50c
7014.50C
8016.50c
9019.50C

11023.5OC
12000.50c
13027.50c
14000.50C
15031.50C
16032.50c
17000.50C
19000.50C
20000.50c
22000.50c
23000.50c
24000.50c
25055.50c
27059.50c
28000.50c
29000.50c
31OOO.5OC
36078.50c
36080.50c
40000.50C
40093.50C
41093.50C
42000.50c
42095.50c
430W.50C
44101.5OC
44103.5OC
45103.5OC
45105.5OC
46105.5OC
46108.5OC
47107.5OC
47109.50C

SWRCE

emfl-85
endl-85
end(-85
endl-85
endl-85
end(-85
end(-85
endl.85
endl.85
endl-85
erdl-85
endl-85
endl-85
endl-85
endl-85
endl-85
endl-85
endl-85
endl-85

endf/b-v
endf/b.v
endfjb-v
endf/b-v
endf/b-v
endflb-v
endflb-v
endf/b-v
endflb”v
endf/b-v
endf/b-v
endf/b”v
endf/b-v
endf/b-v
endf/b-v
endf/b-v
endf/b-v
endf/b-v
endf/b-v
endf/b-v
endf/b-v
endf/b-v
endf/b-v
endf/b-v
endf/b-v
endf/b-v
endf/b.v
endf/b.v
cndf/b-v
endf/b-v
endf/b-v
endflb-v
endf/b-v
edfjb-v
endf/b-v
endf/b-v
endf/b.v
endf/b-v
endf/b-v
endf/b-v
endf/b”v
endf/b-v
endf/b”v
erdf/u-v
endfjb-v

TEMP
(K)

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

30:
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300

PHOTON
PROD.

yes
yes
yes
yes
yes
yes
yes
yes
}es
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

no
no
no

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

no
no
no
no

yes
yes

no
no
no
t-la
no
no
no
M
no
no

TYPE 1
LENGTH

317162
179948
429347
218828
513020
424244
798707
439391
437852
430076
489449
253820
411284
369002
239483
568W1
213239
223040
363494

56909
50024
47837
62903

201980
180839
40W07
473249
473249
921422
769223
894530

1058960
1141661
1097678
1W7750

117011
138395
473006
447410

1268W3
1110638
776673

2723591
2129051
2371646
2834156
1050860

1613W
184322
206759

1055153
53102

2612297
722486
312950
246935
108182
62660

383015
33095
94979
93035

246125
296264

TYPE 2
LENGTH

65536
38912
88064
47104

104448
86016

159744
90112
90112
88064

10u352
53248
83968
75776
51200

114688
45056
47104
73728
14336
12288
12288
14336
43008
38912
&3968
96256
96256

184320
155648
180224
212W2
229376
219136
397312

26624
30720
96256
92160

253952
223232
155648
540672
423936
471040
563200
:10944

34816
38912
43008

210944
14336

518144
145408
65536
51200
24576
14336
77824
10240
22528
20480
51200
61440

NUBAR

prcqx
pronpt
prcmpt
pronpt
pronpt
prorqx
prlxlpt
pronpt
prcqx
prcqt
prcmpt
prcmpt
prqt
prcapt
proapt
proqx
proqx
proqX
prcapt

CCUMENTS

note k
note k
note k

note k
note k
note k
note k

note k
note k

note b
note b
note a
note a

note a
note a

note a
note a
note a
note a
note a
note a
note a
note a

note a

note a
note a
note a
note a
note k
note a
note a
note k
note a k
note k
note k
note a
note k
note k
note k
note a
note a
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Table6, X6XSANeutronCross-Seotions(Sortedby Source)

ZAID

48000.50C
54131 .50C
56135.50C
56138.50c
59141 .5GC
60143.50c
60145 .50c
60147.50c
60148.50c
61147.50c
61148.50c
61149.50c
62147.50c
62149.50c
62150.50c
62151.50c
62152.50c
63152.50c
63154.50c
63155.50c
72000.50c
73181.50C
82000.50c
83209.50c
90232.50c
91231.50c
91233.50c
92233.50c
92234.50c
92235.50c
92236.50c
92237.50c
92238.50c
94238.50c
94240.50c
94241.50c
94242.50c
95241.50c
95242.50c
95243.50c
96242.50c
96244.5L)c
12000.51c
14000,51C
20000.51c
22000.51c
24000.51c
25055.51c
27059.51c
28000.51c
40000.51C
41093.51C
42000.51c
48000.51C
63t52.51c
63154,51c
73181.51c
90232.51c
91233.51c
92233.51c
92234.51c
92235.51c
92236.51c
92237.51c

SWRCE

erdflb-v
endf/b-v
cndf/b-v
endflb-v
erdf/b-v
endf/b-v
endf/b.v
cndf/b-v
cndf/b.v
cndf/b-v
endf/b-v
erxkf/b-v
endf/b-v
endf/b-v
endf/b-v
cndf/b-v
endf/b-v
endf/b-v
endf/b.v
cndfjb-v
endf/b-v
endf/b-v
endf/b-v
endf/b-v
endf/b-v
enclf/b-v
endf/b-v
endf/b-v
endf/b-v
enclf/b.v
endf/b-v
endf/b-v
endf/b-v
endf/b.v
endf/b-v
endf/b.v
endf/b-v
endf/b-v
erdf;b.v
endf/b-v
cncff/b-v
endf/b.v
end\/b-v
emff/b.v
endf/b-v
endf/b.v
endf}b-v
erdf/b-v
erdf/b.v
endf/b-v
mff/b-v
endf/b”v
endf/b-v
endf/b-v
endflb-v
endf/b-v
endf/b.v
endf/b-v
endflb-v
endf/b.v
endf/b”v
●ndf/b.v
emif/b”v
endf/b”v

TEMP
(K)

300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
390
;JO
300
300
360
300
300
300
300
300
300
300
300
300
300
300
300
30C
300
300
300
300
300
300

PHOTON
PRCO.

no
no
no

yes
no
no
no
W
m
no
no
no
no
no
no
no
no
no
no
no
no

yes
yes
yes
yes

no
no
no
no

yes

y:
yes

no
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

y:
yes

no
no
no

yes
yes

no
no
no

yes
m

yes

TYPE 1 TYPE 2
LENGTH

400106
457940
112880
122762
317162
349481
779996
37631

220934
186185
34148
42815

684821
318053
190154
148763
836210
999506
750269
92630

1058555
1230842

762986
303392

3094n3
143174
396137
381881

1811936
1225820
2809856

657929
1803107
380828

1193987
782588

~44n55
853058
174926

1M181
626582
932195
W1487

1785530
1081640
lM5455

1127081
521849
57s066

1895771
341381
298046
206192
137261
220610
210809
4367W
363899
115148
157106
131024
523388
148763
209837

LENGTH

81720
94208
24576
26624
65536
71680

157696
10240
47104
38912
10240
12288

137216
65536
40960
32768

167936
200704
151552
20480

212W2
245760
153600
63488

614400
30720
81920
77824

360448
245760
557056
133120
358400

77824
239616
157696
288768
172032
36864

370688
126976
186368
198656
356352
217088
131072
225280
l&9b
116736
376832

69632
61440
43008
30720
47104
45056
90112
75776
26624
34816
28672

106496
32768
45056

HUBAR

both
total
total
both

total
both

total
total
both

total
both
both
troth

total
total
total
total
total

both
total
both

total
both

total
total

CCWEHTS

note a k
note a k
note k

note k
note k
note k
note k
note k
note k
note k
note k
note a k
note k
note k
note k
note a k
note a k
note k
note a
note a

note a
note a
note i
note a
note a
note a

note a

note a
note a
note a
note a
note a
note a
note a

note a
note a k
note a k
note a k
note a k
note k
note k
note a k
note k
note a k
note a k
note a k
note k
note a k
note a k
note a k
note a k
note a k
note a k
note a k
note k
note a k
note k
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ZAID

92238.51C
94238.51c
94240.51c
94241.51c
94242.51c
95261.51c
95243.51c
96242.51c
96244.51c

1002.55c
3007.55C
5011.56c
7015.55C

21045.55c
26000.55c
35079.55C
35081.55c
36082.59c
26083.59c
36084.59c
36086.59C
37085.55C
370a7.55c
47000.55C
53127.55c
55133.55C
63151.55C
63153.55c
64152.55c
64154.55C
64155.55C
64156.55c
64157.55C
64158.55c
64160.55C
67165.55c
69169.55c
74000.55C
76182.55c
71i183.55c
74184.55C
74186.55C
77000.55C
7W97.56C
93237.55c
94239.55C
96265.52c

Table6. X6XSANeutronCross-Sections(Sortedby Source)

SOURCE

end f} b-v
end f/b. v
endf/b. v
●ndf/b-v
edf}b-v
endf/b-v
end f/b-v
end f/b. v
end f/b-v
grp./t.2
grp./t.2
grp./t-2
grp./t.2
grp./t.2
grp./t.2
grp./t”2
grp./t-2
grp./t-2
grp./t-2
grp./t-2
grp.ft-2
grp./t-2
grp./t-2
grp./t-2
grp./t-2
grp./t-2
grp./t-2
grp./t-2
grp./t-2
grp./t-2
grp./t-2
grp.ft-2
grp./t-2
grp./t-2
grp./t.2
grp.lt.2
grp./t-2
grp.lt-2
grp./t-2
grp./t.2
grp.lt-2
grp./t-2
grp./t-2
grp.lt-2
grp./t-2
grp./t-2
ndfb.v.2

TEHP
(K)

300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300

PHoTm
PIMO.

yes
m

yes
yes
yes
yes
yes
yes
yes
yes
yea
yes
yes

no
yes

no
no

yes
yes
yes
yes

no
m

yes
no
no

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

no
yes
yes
yes
yes
yes

no
yes

y;
yes

TYPE 1
LENGTH

484022
123734
307361
272288
318863
251471
277958
198659
220529
122033
267590

1153730
424407
123800

3613295
212089
109049
142813
164278
210853
177805
553739
171176
58W70

1210325
1375702
1754021
1478540
660822

1212108
1101381
8W~
%8092

2307633
1322430
1147169
971688

1026317
2477270
1611461
1621019
1694162
873030

2481158
660197

2068382
431203

TYPE 2
LENGTH

93304
26624
63488
57344
65536
53248
57344
43008
47104
26624
55296

231424
86016
26624

716800
45056
24576
30720
34816
45056
38912

112640
36864

118784
241664
274432
350208
294912
133120
241664
?21184
180224
192512
458752
264192
229376
194560
204800
491520
321536
323584
337920
176128
493563
133120
411648

WEAR

both
total
both
both
bth

total
tota(
total
total

COHUENTS

note k
note a k
note a k
note a k
note a k
note a k
note a k
note k
note a k

note d

note e
note e
note c
note c
note c
note c
note e
note e

note e
note ●

note f
note f
note f
note f
note f
rmte f
note f

note g

note h

both
both
both note a j
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“rable7. X6XS.ONeutron

Continuous Neutron
Evn(uat iOnS:

ZAID

26000.55c
90232 .50c
28000.50c
92236.50c
24000.50c
41093.5OC
79197.56C
74182.55c
27059.50c
64158.55C
25055.50c
94239.55c
14000.5C:
2800n.51c
95243.50c
92234.50c
92238.50c
14000.51C
63151.55c
74186.55C
74184.55C
74183.55c
72000.35c
63153.55c
94242.50c
55133.55C
U160.55C
20000.50c
73181.50c
92235.50c
64154.55C
53127.55c
94240.50c

5011.56c
67165.55c
12000.50c
90232.35c
24000.51c
22000.50c
64155.55C
13027,50c
ZOOOO.51C
11023.5OC
72000.50c
40000.50C
29000.50c
33075.35C
33074.35C
76000.55C
41093.35C
39089.35c
63152.50c
12000.51c
69169.55c
66157.55C
96244.50c

7014.50C
64156.55c

9019.50C
77000.55C
28058.35c
95241.50c
54000.35C
62152.50c

SWRCE

grp./t-2
endfjb-v
endf/b-v
endf/b.v
endf/b-k
endf/b-v
grp./t-2
Qrp./t-2
endf/b.v
grp./t-2
endf/b-v
grp.jt-2
endf/b-v
endf/b-v
endf/b.v
endf/b-v
endf/b.v
endf/b-v
grp./t.2
grp.lt-2
grp./t.2
grp./t-2

endl-85
grp./t.2
endf/b-v
grp./t-2
grp./t-2
endf/b.v
endf/b-v
endf/b-v
grp./t-2
grp./t-2
endf/b-v
grp./t-2
grp,/t-2
endf/b-v

endl-85
●nckflb-v
endf/b-v
grp./t-2
endf/b-v
endf/b-v
endflb-v
endf/b.v
endf/b-v
endf/b-v

endl-85
ertdl-85

grp./t-2
endl.85
endl-85

endflb-v
endf/b-v
grp./t-2
grp./t-2
endflb-v
endffb-v
grp./t-2
endf/b-v
grp./t-2

endl-85
cndf/b-v

endl-85
endf/b-v

(K)

300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300

30:
300
300
300
300
300
300
300
300
300
300
300
300

30:
300
300
300
300
300
300
300
31)0

;
300

0

30:
300
300
300
300
300
300
300
300

30:

30:

Cross-Sections

PHOTON
PROO.

yes
yes
yes

y:
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

no
yes
yes
yes
yes
yes
yes
yes
yes
yes

no
yes
yes
yes
yes
yes

no
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

no
no

ycs
yes
yes
yes
yes
yes

no
yes

no
yes
yes
yes
yes
ye4

y:
yes
yes

no

TYPE 1
LENGTH

3613295
3096733
2834156
2809856
2723591
2612297
2481158
2477270
2371646
2307633
2129051
2068382
1W7750
1895771
1864181
1811936
1803107
1785530
1754021
1694162
1621019
1611461
1537103
1478540
1467355
1375702
1322430
1268W3
1230842
1225820
1212108
1210325
1193987
1153730
1147169
1141661
1136720
1127081
1110638
1101301
10?7678
108164LJ
1058960
1058555
1055153
1050860
1032230
1031258
1026317
1022348
1011389
999506
W1487
971688
958092
932195
921622
899772
894530
873030
866423
853058
839855
836210

(Swted by FileSize)

TYPE 2
LENGTH

716800
6:4600
563200
557056
540672
518144
493568
491520
671040
458752
423936
411648
397312
376832
370688
360448
358400
356352
350208
337920
323584
321536
307200
294912
288768
274432
264192
253952
245760
245760
241664
241664
239616
231624
229376
229376
227328
225280
223232
221184
219136
217088
212W2
212W2
210946
210944
206848
206W8
204?60
204800
202752
200704
198656
194560
192512
186368
184320
180224
180224
176128
174080
172032
167936
167936

NU8AR

both

total

both

total
total
both

both

both

both

prcqt

total

total

COMMENTS

note a

note a

note a

note a
note f

note a
note k
note a
note a

note a k

note k

note a
note e
note f
note a
note a

note f
note e
note a

note a
note k
note k
note a
note f

note a k
note a
note a
note a

note k

note k

note a k
note a k
note g
note f
note a
note a
note f

note h
note k
note a

note k
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ZAID

95243.35c
27059.35c
94241.50c
60145.50C
23000.50c

8016.50c
82000.50c
63154.50c
13027.3SC
62000.50c
62147.50c
73181.3SC
64152.55c
93237.55c
92237.50c
79197.35C
22000.51c

9019.35C
26000.35c
96242.50c
92233.35c
47000.55C
27059.51c
98249.35c
37085.55c
92238.35c
92235.51c
25055.51c
95241.35c
96245.35c
92238.51c

6012.50c
6000.50c

17000.50C
11023.35c
56131.50C
19000.50C
96242.35c
96243.35c
73181.51c
96265.52c
96244.35c
94242.35c

7015.55C
95242.35c
96267.35c
93237.35c

5010.50C
48000.50C
91233.50c
91233.35c
14000.35C
45103.5OC
92233.50c
942J8.50c
83209.35c
96248.35c
90232.51c
98252.35c
60143.50C
40000.51C
75105.35c
94242.51c
62149.50c

Table7, X6XSANeutronCross-Sections(Sortedby FileSize)

SWRCE

cfui(-85
erdl “85

endf/b-v
endf/b-v
end f/b-v
end fib. v
endf/b. v
endf/b-v

endl-85
erxkf/b-v
end f/b-v

ed( .85
grp./t-2
grp./t-2
andf/b-v

endl-85
●ndflb-v

endl-85
endl-85

etiflb-v
endl.85

grp.lt-2
endfjb.v

endl-85
grp./t-2

endl-85
●ndf/b-v
endf/b-v

endl”85
●ndl-85

endflb-v
endf/b-v
endf/b-v
endflb-v
●ndl-85

endf/b.v
endflb”v

endl-85
endl-85

endf/b-v
rdfb-v.2

endl-85
endl-85

grp./t-2
erutl-85
encfl-85
endl-85

erdf/b-v
erdflb.v
erdf/b-v

endl-85
erdl-85

entff/b-v
endf/b-v
endf/b-v

ernfl”85
end(-85

endf/b”v
emfl-85

endf/b-v
endf/b-v

erukl-85
endf/b-v
endflb-v

TEHP
(K)

o
II

300
300
300
300
300
300

30:
300

30:
300
300

0
300

0

30;

30:
300

30:

30:
300

0

30:
300
300
300

30:
300

0
0

300
300

:
300

:

30;
300
300

0
0

300
300
300

0

30:
o

300
300

0
300
300

PHOTW
PR~.

yes
yes
yes

y:
yes
yes

no
yes
yes

no
yes
yes

no
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

no
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

no
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

no
no

yes
yes

no
m

y:
yes
yes
yes

no

y:
yes

no

TVPE 1
LENGTH

798707
789797
782588
779996
776675
769223
762986
750269
748001
722486
604821
680204
M0822
660197
657929
646265
645455
639704
628283
626582
601796
58W70
575066
568W1
553739
551009
523388
521849
513020
689469
484022
473249
473249
473006
462152
457940
447410
439391
437852
436799
431203
430076
429347
424487
424244
611284
410474
409907
400106
396137
389090
385931
383015
381881

371756
369002
3638W
363494
349481
341381
325667
318863
318053

TYPE 2
LEliGTH

159744
159744
157696
157696
155648
155648
153600
151552
151552
145408
137216
137216
133120
133120
133120
131072
131072
129024
126976
126976
120832
118784
116736
114688
112640
112640
lo649ti
106496
104448
100352
98304
96256
96256
96256
94208
94208
92160
90112
90112
90112
88064

e6016
86016
83968
83968
83968
81920
81920
~872
79872
77824
77824
77824
75776
75776
75776
73728
71680
6%32
67584
65536
65536

NUBAR

prOqX

both

both
total

totat
prcstpt

prtmpt

prqt
both

prcqt
pra-rpt

both

pronpt
prcqx

Imth
proqx
prcqt

prcapt
prqt
prcnpt

total
prcapt

both
total

prqx
both

prcapt

both

CUOtENTS

note k
note k
note a
note k
note a
note a

note a k
note k
note e
note k
note k
note f

note k
note a k
note k
note k

note k

note a k

note e
note k
note k
note k
note k
note k
note k
note b
note b
note a
note k
note a k
note a
note k

note a k
note d j
note k
note k

note k

note k

note a
note k
note k
note a
note a
note a
note k

note a k

note k
note a k

note a k
note a k
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Table7. X6XSANeutronUross-sectionsISorteclDy Fileslze~

ZAID

%238.35c
59141 .50C
42095.50c
78000.35c
94240.51C
83209.50c
75187.35c
40000.35C
41093.51C
47109.5OC
95243.51c
47109.35C
22000.35c
94241.51c

3007055C
47107.35C
20000.35c
17000035C
96246.35c
95241.51c
48000.35C
43099.50C
47107.5OC
97249.35c
94237.35c
39088.35C
19000.35C
98251.35c
60148.50c
63152.51c
96244.51c
94243.35c
98250.35c
35079.55C
36084.59c
63154.51c

8016.35c
92237.51c
36080.50c
42000.51c

3006.50c
92239,35c
96242.51c
12000.35c
93235.35c
92237.35c
90233.35c
62150.50c
24000.35c
90231.35c
61147.50c
36078.50c

4009.50C
93238.35c
94241.35c
93236.35c
36086.59c
92236.35c
42000.35c
95242.50c
9Z234.35C
92240.35c
37087.55c
36083.59c

SWRCE

endl-85
cndf/b-v
endflb-v

endl-85
endffb.v
endf/b-v

endl-85
endt.85

endf/b-v
endf/b-v
endf/b-v

endl-85
endl-85

endflb-v
grp./t-2

endl-85
endl-85
endl-85
endl-85

endf/b-v
endl.85

endf/b-v
endf/b-v

cndl-85
endi-85
endl-85
endl-85
endl-85

endf/b-v
cndf/b.v
endf/b-v

endl-85
endi-85

grp./t-2
grp.lt-2
endf/b-v

endl-85
endf/b-v
endf/b-v
endf/b-v
endf/b-v

endl-85
endf/b-v

endl-85
erd[-85
end[-85
endl-8S

endflb-v
endl-85
endl-85

endffb-v
endflb-v
endf/b-v

end(.85
●ndl-85
endl-85

grp./t.2
●ndl-85
endt-85

enrlf/b-v
endl.S5
endl-85

grp./t-2
grp./t-2

TEltP
(K)

30;
300

30:
300

0
0

300
300
300

0

30:
300

0
0
0

30:

30:
300

0
0
0
0

30:
300
30D

o

30:
300
300

30:
300
300
300

0
300

0
0
0

30:
o
0

300
3CJ
300

0
0
0

300
0

30:
o

30:
30D

PI;I;TDH
PkCO.

yes
no
no

yes
yes
yes
yes
yes
yes
n9

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
no
no

yes
yes
yes
yes
yes
no
no

yes
yes
yes
no

yes
no

yes
yes
no

yes
yes
yes
yes
yes
yes
yes
yes
no

yes
yes
no
no

yes
yes
yes
yes
ycs
yes
yes
~ts
yes
fc$
no

yes

TYPE 1
LENGTH

317162
317162
312950
312140
307361
303392
299W0
2W342
298046
296264
277958
273260
272693
272288
267590
266861
262811
262163
253820
251471
249608
246935
246125
239483
229682
229682
226280
223040
220934
220610
220529
218828
213239
212089
210853
210809
210447
209837
206759
206192
201980
199550
198659
197039
193070
190478
190235
190154
187S62
186347
186185
184322
180839
180677
1?9948
179543
177805
177032
175574
174926
174197
172901
171176
164278

TYPE 2
LENGTH

65536
65536
65536
65536
63488
63488
61440
61440
61440
61440
57344
57344
57344
57344
55296
55296
55296
55296
53248
53248
51200
51200
51200
51200
49152
49152
47104
67104
47104
47104
47104
47104
45056
45056
45056
45056
45056
45056
43008
43008
43008
43008
43008
40960
40960
40960
40960
40960
4W60
38912
38912
38912
38912
38912
38912
38912
38912

:=
36864
36864

36864
34816

NUBAR

prcqt

both

total

both

p:ilp;

prompt
pranpt

prcapt

total
prompt
prompt

total

pratrpt
total

prmpt
prcapt
prcqx

prcqx

prcqx
prcqt
prcqt

prcqx

total
prompt
pronpt

COMMENTS

note k

note k

note a k
note a

note k
note e k
note e
note a k
note k
note k
note a k

note k
n~ts k
m)le k

note a k
note k
note a k
note a

note k
note k

note k
rote a k
note a k

note e
note c
note a k
note k
note k
n)te a
r,ote a k

note k
note k

note k

note k
note k

note k
note a

note k

note c
note k
note k
note a
note k

note e
note c

69



ZAID

31000.50C
64000.35C
92233.51c
31OOO.35C
25055.35c
54134.35C
92236.51c
621S1.50C
16032.35c
29000035C
9)231.50c
36082.59c
63000.35c
16032.50c
48000.51c
82000.35c
92234.51c
21045.55c
96238.51c
56138.50c
56138.35c

1002.55c
50000.35C
15031.35C
15031.50C
91233.51c
18000.35C
54135.50C
35081.55C
44101.5OC

6012.35c
6013.35c

fa6105.50r
46108.5OC
63155.50c

5011.35C
2004.50c

44103.50C
1001.5OC

40093.50C
1003.5OC
2003.50c

61149.50c
6014?.50C
61148.50c
45105.5OC

1003.35C

Table7. X6XSANeutronCross-Sections(Sortedby FileSize)

SOURCE

●ndf/b-v
●ndl -85

end fib-v
endl “85
endl .85
endt-85

endf/b”v
●ndflb”v

endl.85
endl “85

end fib-v
grp./t-2

endl-85
endf/b-v
endf/b-v

endl-85
endf/b.v
grp./t-2
endf/b-v
mdf/b-v
●roll-85

grp./t.2
endi-85
emkl-85

endf/b-v
endflb-v

endl.85
endf/b.v
grp./C-2
endf/b-v

endl.85
erdl”85

●ndf/b-v
endflb-v
endflb-v
●til-85

endfjb.v
endf/b.v
endf/h-v
endflb”v
cndf/b-v
●ndf/b”v
endflb-v
endflb”v
endf/b”v
endf/b-v
●mll.8S

TEHP
(K)

300
0

300
0

:
300
300

0

30:
300

30:
300

0
300
300
300
300

30:
o
0

300
300

30:
300
300

0
0

300
300
300

30:
300
300
300
300
300
300
300
300
300

0

PmoToN
PR~.

yes
yes

no
yes
yes
yes

no
no

yes
yes

no
yes
ves
yes

no
yes

no
no
no

yes
yes
yes
yes
yes
yes

no
yes

no
m
no

yes
yes

no
no
no

yes
no
Ilo

yes
no
no
no
no
no
no
no
no

TYPE 1
LENGTH

1613W
160427
157106
152975
152651
152003
148763
148763
163761
143417
143174
142813
141149
138395
137261
135317
131024
123800
123734
122762
122114
122033
121790
119846
117011
115148
114014
112889
109049
108182
105266
W839
94979
93035
92630
87770
62903
62660
5690?
53102
50024
47837
42815
37631
34148
33095
26615

TYPE 2
LENGTH

34816
34816
34816
32768
32768
32768
32768
32768
30720
30720
30720
30720
30720
30720
30720
28672
28672
26624
26624
2f.624
26624
26624
26624
26624
26624
26624
24576
24576
24576
24576
24576
22528
22528
20480
204!lo
20480
14336
14336
14336
14336
12288
12288
12288
10240
10240
10240
8192

NUBAII

both

total

total

total

total

tota(

CWMENTS

note a

note a k
note k
note k
note k
note a k
note k
note k
note k
note i
note c

note a
note k
note k
note a k
note d
note a k
note k
note k

nete k
note a
note a k

note a k
note ●

note k
note k

note k
note k
note k
note k

note k

note k

note k
note k
note k
note k
note k
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