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1-INTRODUCTION

Some years agthe ENEABologna Nuclear Data Group startedclear data processing and
validation activities addressed to generatée/or to test broagroupcoupled neutraiphoton
working cross sectioribraries specifically dedicatedto radiation shielding andradiation
damagecalculationgor the light water nucladission reactors (LWB) and, in particulagrfor

the reactor pressure vesq&PV) dosimetry analysesThe generation of working cross
section librariesn ENEA-Bolognawas initially /1/ and recently /28ledicated to the LWR
radiationshielding and radiain damage applications since it was considered firstly important
to produce working libraries for the most diffused types of nugleaserreactors all over the
world. In fact about 8% of the 87 total world nuclear power reactor units are LWRSs, i.e.,
272 PWRs @bout62%) and84 BWRs @bout19%), as reported in th®ecemberl6, 2012,
updating of the IAEAPRIS database

It was consideredseful (see in particulard) to offer new updated working cross section
libraries specifically addressed, in partenlto improve the calculation accuracy of the
radiation damage parametdke fast neutron fluxfast neutroriluence, iron displacemeper
atomrate (DPA/s) and total iron displacement per atom (DPA) in the structural components
of the future and presé operatng LWRSs. In fact in tis kind of applications even more
accuracyis requiredthan in radiation shielding calculations where more conservative
calculation approaches are usually applied. For example, in radiation damage calculations for
the most mportant LWR component, theactor pressure vessehe calculationaccuracy
obtained isa fundamentalparameter directly linked with the RPVEnd-of-Life (EoL)
prediction which is in its turn connected with well known fundamental nuclear safety aspects
and relevant economic impacts.

The present technical report represents the dusaranual of the ENEA-Bologna
BUGENDF7QBOLIB broadgroup coupled neutrafphoton working cross section library in
FIDO-ANISN /4/ format, dedicated to the previously cited LWRdiaion shielding and
radiationdamage applications and, in particular, to the RPV dosimetry analyses. This library
was obtained througlproblemdependentross section collapsing from the ENBblogna
VITENDF7QBOLIB /5/ fine-group cross section libraryof nuclear fission applications,
based orthe ENDF/B-VII.0 /6/ evaluated nuclear data library andtbe Bondarenko?/ (f-
factor) method for the treatment of neutron resonancesbadfding and temperature effects.
The VITENDF70.BOLIBlibrary is afpseud-problemindependerit coupled neutron/photon
library in AMPX format, i.e., afine-group library prepared with enough detail in energy,
temperatures and neutron resonancestedlding so as to be applicable to a wide range of
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physical systemsVITENDF70BOLIB is characterized by the same neutron and photon
energy group structures (199 neutron groups + 42 photon graspsle ORNL DLC-
0184NITAMIN -B6 /8/ library in AMPX format based on the ENDF/BI.3 /9/ evaluated
data library. The BUGENDF7QBOLIB coupkd working library adopts the neutron and
photon energy group structures (47 neutron groups + 20 photon groups)aRiieDLC-
0185BUGLE-96 /8/ broadgroup working libraryin FIDO-ANISN format derived fromthe
VITAMIN -B6 library andspecificallyconceived for the same previously cited applications in
LWRs.

In particular boadgroupworking libraries properlygeneratedor the cited applicationsre
necessaryo permit the use of the deterministic transport codée threedimensional (3D)
determinisic transport codebke, for examplethe ORNL TORT /10/ discrete ordinateSy)
code can presently offerigorous and reliable calculation solutiomso for complex
geometrieswhich could be describedp to few years ag@xclusively by the 3D stochtis
transport codekke, for examplethe LANL MCNP/11/ Monte Carlo codeln fact, if the 3D
deterministic transport codeseproperly assisted by dedicated pre/posicessor systenos
programs (e.g., thENEA-BolognaBOT3P/12/ /13/ /14/ /15/ andthe Japanes@ ORTWARE
/16/ systemsY¥or the automatic generati@nd graphical verificatioof the spatial mesh grids
of the reactor geometrical modéeir performancean be higly competitive with that of the
3D Monte Carlo codes.

Despite the fact thagll over the world, the development of the 3D deterministic cagles
going onand their use is increasingly appreciated also by the industrial organizations, it is not
easy to findupdatedproblemdependentoroadgroup working cross section libraries for
fission reactor shielding applications, fieteased by the international distribution agencies
(e.g., UNO-IAEA NDS, OECDNEA Data Bankand ORNL-RSICC). In particular the
packages of modulaystems containing deterministic transport codes are distrilyt¢ioe
previously cited agencies withomcludingworking cross section libraries and this influences
negatively the diffusion of the deterministic transport culture and expeftge.is mainly
due to the facthat in orderto generate g@roblemdepenént broadgroup workingcross
section libraryfor the previously mentionedpplications it is necessaryo collapse the fine
group cross sections of a mygtirpose libraryas recommended by specific standafidss
operation is performedsing problerrdependenneutron and photon spectra for the various
spatial regions of a specific type of reactprecalculatedwith typical compositional,
geometrical and temperatuparametersThese data are very often considered confidential
and this implies that #se libraries are mainly produced for internal asd commercial
purposesvithin the industrial organizations

In this contribution, based on thmmpositional,geometrical and temperature parameters
reported in the BUGLE6 /8/ library useb sanual fora typical PWR andtypical BWR, it
wasintentionallyintendedto follow the samedata processing procedures and methodologies
adopted at ORNL for the generation of the BUGRM library which was widely and
successfully used in LWRadiationshieldingandradiation damagepplications since 1996.

The LANL NJOY-99.259/17/ andthe ORNLSCAMPI/18/ nucleardata processing systems
were selected andused to generate the growposs sectiorlibraries. NJOY¥99.259 was
employed, in particular, for the generatioh the VITENDF7QBOLIB fine-group mother
library. The so called ENEAologna2007Revision/19 of the SCAMPI system anupdated
and corrected versiospecificallyable e.g.,to process properlthe recentnuclear data files
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of the ENDF/B-VII.0 /6/ andJB-F3.1.1/20/ (see also /21/ and /22¢yaluated data libraas

was used to generate tHBRUGENDF7QBOLIB broadgroup working libray, through
problemdependent cross section collapsing. The AMPX format was adopted for the fine
group multipurpose cross sgon libraly in orderto have the compatibility with the AMRX

77 23/ and SCAMPI nuclear data processing systearsl with the SCALE-6 /24/ nuclear
safetysystem while the well known and diffused FIDANISN format was selected for the
broadgroupworkinglibrary.

A limited preliminary testing of thBUGENDF7QBOLIB library wassuccessfullyperformed
with the 3D TORT-3.2 discrete ordinates transport code on the HR&plical2/13/25/ /26/
(Winfrith, UK) and VENUS3 /27/ (Mol, Belgium) engineering neutromiglding benchmark
integral experimentswhosecompositional andyeometrical specifications were taken from
the fission reactor shielding section of &NL-RSICC/OECD-NEA Data BankSINBAD
128/ 129/ international database shielding benchmark expearerts. It is underlined that the
testing of the BUGNDF7QBOLIB library on the cited benchmark experiments is
particuberly meaningful since theywvere specifically conceived to verify and possibly to
improve the accuracy of the calculation methodologies ardeau data used in PWR
radiationshielding andadiationdamage calculations

Finally, concerning the availability of similar recent libraries, it is stressed tiat t
BUGENDF70.BOLIB and VITENDF70.BOLIB librariebased on ENDF/B/I1.0 datg were
respedwely producedoy the same data processing procedunployed to generata parallel
the similar BUGJEFF311.BOLIB/30/ and VITJEFF311.BOLIB/31/ ENEA-Bologna
libraries based on OECINEA Data Bank JEFB.1.1 data. The BUGJEFF311.BOLIB,
VITJEFF311.BOLIB ad VITENDF70.BOLIB libraries were already transferredor free
distribution, in the reported chronological ordéws, OECDNEA Data Bank and ORNL
RSICC.In addition, & the end of 2011 the BUGL-B7 /32/ and VITAMIN-B7 /32/ ORNL
libraries were diffused by ORNRSICC and then by OECGBEA Data Bank.As the
corresponding ENEABologna counterparts, the BUGLE/ and VITAMIN-B7 librariesare
based on ENDF/B/II.0 data and adopt respectively the same neutron and photon group
structuresasthe BUGLE-96 and VITAMIN-B6 libraries On the other hand,fferently from

the ENEABologna similar librarieprocessed with the cited NJOY and SCAMPI systems
the BUGLEB7 and VITAMIN-B7 libraries were processed with ti@RNL AMPX-6.1
nuclear data processing systaot yet freely difused.

1.1- Background

Since many years, at the international level, a decreaggeofctivity was observe(B3/ for

debating production, features and performance&rargy groupaveragedworking cross
section librariegsledicated taadiationshieldng and radiation damage applicationswuclear
fission reactors.

This situation is unjustified, taking into account the actual increased performances of
computers and 3D deterministic transport codes, the potential availability of collapsed and
selfshielded group cross section libraries falifferent spectral, compositionaland
temperatureconditions and, finally, the requirements of the nuclear safety authawities
encouragenuclear safetycalculationspossibly performed withtransportcodes basean
different methods (stochastic and deterministic)
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The methodologyfor the generation oEnergygroupaveragedcross section librariefor
nuclear radiation protection calculations for nuclear power plartommended Yo the
ANSI/ANS-6.1.21999 (R2009)/34/ American National Standamhdadoptedn the present

work, consists of a twatage process: 1) the processing of evaluated data files into-a fine

group, pseudgroblenmindependent library, followed by 2) the collapsing of the -fineup

library crosssections into the broagroup, problerdependent cross sections of the desired
working library for the specific applicatiomhe problemdependent library is then derived

from the finegroup library bytaking into accountemperature andeutronresonanceself
shieldingspecificationsand collapsingnto a smaller number of group&s underlined in the

VITAMIN -B6 and BUGLE96/8/ libraryu s e r 6 s his appraagh removes from the end

user the need to deal with the complex task of producing a -gneenaed library from the
evaluated data files, which contain a mix of point and functional data. This approach also

reduces the usero6s responsi bi | idefiyed pracessing e
codes. Hence a higher level of standardizatind reliabilityis achieved since the user can

focus onlyonthose features which are special to his application.

In other words, following th@reviouslycited standarda working cross section librarfor a

specific application should not be obtainecedily in broaegroup (tenths of groups) energy

structures, using generic neutron and photon weighting fluxes derived dratytical
functions(e.g., Maxwellian thermal neutron spectrum, 1/E neutron sledavgn spectrum
neutron fission spectrym/E phdon spectrumetc). In fact it is considerech more accurate
approach to obtain the brogdoup cross sections of the working librartesough proper
cross section collapsing of firgroup (hundreds of groupspseudeproblem independent

cross section likaries, basede.g.,on the Bondarenkd// (f-factor) method for the treatment

of neutron resonance sdlfiielding and temperature effectd. is recommendble in
particular,to collapse the fingroup cross sections usinig-core and excore neutron and
photon spectra, properly poalculatedwith a transport codéor the specific compositional
geometricabnd temperaturdataof the various spatial regions of a specific reactor.type

These libraries areequiredto run the deterministic transport codelich are, e.g., included
in the following systems of deterministic codes: th& Yackages DOORS.2 /35/ and
PARTISN-5.97 /36/ or the Russian package CNC009 /37/, distributed bythe OECD-
NEA Data Bank and ORNRSICC. On the other hand these packageske those which

include Monte Carlo coddike MCNP /11/, do not contain any working cross section library.

The production of finggroup coupled neutrdphoton pseudg@roblemindependent libraries,
based on the Bondarenkeutron resonancelfshieldng method (e.gof the type similar to
the VITAMIN -B6 /8/ library) continues in several research institutes (ENEA, KAEMRNL,
etc.). On the other hand, the free availability of derived bgyadp working libraries of
collapsed and sebhielded crossestions (e.g.of the type similar tahe BUGLE-96 8/,
BUGJEFF311.BOLIB /30/BUGLE-B7 /32/ or BUGENDF70.BOLIBlibraries)is practically

absent.

The previously cited decrease of open agtidedicated to the generation of bregrdup
working cross seatn librariesfor fission reactor shielding applicatiorssvery probably due

to the fact that it is traditionally considered highly convenient to perform 3D radiation

ope

shielding analyses for complex geometries with the combinatorial geometry approach
included in the Monte Carlo codes (e.g., MCNP) using contiremesgy (poinwise)
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processed cross section librarieglependenin practicefrom the specific neutron and photon
spectral environment.

Differently from the 3D Monte Carlo codes using a singlecpsseatontinuousenergycross
section library to treat the different spectral environments of interest, when deterministic
transport codes are employed it is not practicalganingfulto use only one broagroup
spectrumindependent working cross sectitibrary for any kind of application.

As reported i n ot thee VITAMIN-B60 and BU&DEIG libraries the
generation of growaveragedcross section libraries with broaploup energy structureis
primarily justified for reasons of economy. Bgite the impressive performance of modern
supercomputers it is still often impractical to perform two and tdmeensional radiation
transport analyses using poinise dataor finely structured mukgroup data, especially if
fine resolution is needeairf the space or angular meshksparticular the 3D deterministic
transportcodes, could have convergence problems whergfioep working libraries are used
together with hundreds of thousands of volumetric spatial meshes, possibly needed to
describe aagrately complex ircore and excore reactor geometrical models used to perform
radiation shielding and radiation damage analyses.

Even for onedimensional analyses, it is often more efficient to usedeywp data to perform

the initial scoping analysis dnthen advance to finer group data as accuracy requirements
become more stringent. The establishment of reference-groag libraries is desirable to
avoid duplication of effort, both in terms of the library generation and verification, and to
assure a ammon database for comparisons among participnta specific calculation
program

Taking into account this background and following the previously cited recommended
methodology of generaiyy a broadgroup working cross section library dedicated toecH

reactor type, it ishennecessary to knowompositional,geometricaland temperature data,
typical of the specific nuclear reactor, which are not normally freely released. These data, i.e.,
the typical homogenized atomic densities and the spetfigperatures of the nuclide
mixtures for the various tnore and excore spatial regions along tbae-dimensionaleactor

radial geometry at the core midplane, are necessary for two fundamental reasons.

The first reason is that the dataare necessaryotprecalculate thein-core and excore
neutron and photon spectma proper locationsof eachrepresentativaeactor zone of a
specific reactor type in order to perform then a probtspendent cross section collapsing of
the finegroup cross sections tife pseudgroblemindependent mother library.

The second reason is that the mentioned data are necessary to calculate the correet problem
dependenteutron resonancgelf-shielding of the broagroup cross sections of the working
library for a specific nclear reactor type.

The fact that these data are still considered confidential by the industrial organizations implies
that a wide and open data processing effort to produce this kind of libisanes presently
possible This fact in its turn inducethe risk that the culture and the technical expertise
related to deterministic calculations may progressively disappear within the research and
development organizations and university institutions whilst there is still the interest that they
continue to b developed, within the industrial organizations, in a commercial and self
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referential perspective that does not guararitegeneral a completely satisfactogpproach
to nuclear safety.

Moreover, despite the free availability of systei@g)., NJOY/TRANSX /17/ 138/, AMPX-77

123/, SCAMPI/18/ /19, SCALE R4/, etc.)which permit the problermdependent nuclear data
processingn orderto obtain broaggroup working libraries of collapsed and selffielded

cross sections from firgroup generapurpose cras section libraries, the expertise about the
nuclear data processing systems and methods is not generally widespread at the industrial
level.

When, on thecontrary the industrial organizations are equipped with the necessaman
resources and technicaébols to perform detailed nuclear data processing addressed to
generate multpurpose finegroup libraries and derived collapsed working libraries of self
shielded cross sections for a spectfjpe of fission reactor(the so calledficustommade
working cross section librarigsit is in any case necessary to follow the quality assurance
approach.

This implies that, in order to redugmssibleerrors in the data entry during the problem
dependent data processing phadea custorrmade working library it is in parallel
recommendedusing of already processed working librarieedicated to the same
applications with parameterized sets of seliielded cross sectisrfor a similar type of
nuclearfissionreacta.

In other words it is in any case importantverify and intercompare the results obtaingth
the custorrmade waking libraries together with the results obtairtacbughworking cross
section libraries with parameterized sets of-shlelded cross sectignlike for example
BUGLE-96, BUGJEFF311BOLIB, BUGLE-B7 or BUGENDF70.BOLIB dedicated to LWR
shielding and pressure vessel dosimetry.

Concerning the deterministic codes,is$ really an upsettingfact that currently the 3D
deterministic transport codes cannotfoy useddue tothe lack of boadgroup working
libraries also when their use should be strongly recommended and, in any case, competitive
with the use of the 3D Monte Carlo stochastic codes. It is interesting to note that the industrial
organizations continue to be interested in the 89/ or even in the developmertd of the

3D deterministic codes. Moreover they directly develid 6r outsourceto external nuclear

data processing working groups, under specific contractsgeneration ofbroadgroup
working cross section librags for radiation shielding and radiation damage calculations with
the deterministic transport codes. In fact they must fulfil quality assurance procedures with
respect to the nuclear safety authority requirements and when deterministic codes are
employedthere is no need, as in the case of the Monte Carlo codes, to justify the validity of
the statistics adopted since the deterministic codes are based on rigorous analytical solutions
of the neutral particle transport equations. Moreover it is underlineédth&D deterministic

codes applied to radiation shielding and radiation damage analyses ag$uomly a single

run, a simultaneous and accuraeeragedose determination in every spatial position of the
reactor geometrical modelt is then very imprtant to underline that the deterministic
transport codes permit reliable and effective sensitivity and uncertainty analyses, particularly
recommended in the data validation activity and in a modern and rigorous approach to the
industrial project of a nuearreactor.
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The 3D deterministic transport codes (ethe TORT A0/ codein the DOORS packagthe
PARTISN parallel code etc.) which necessarily use the grewfse cross section librariges
increased in recent years their calculation performancas impressive way and expanded
their applicability to handle complex geometries, reaching in many cases the detail offered by
the 3D Monte Carlo codes (e.g., MCNP). This result was achieved through the use of
pre/postprocessor systems of ancillary progsarfe.g.,the ENEA-Bologna BOT3P 12/
distributed by OECENEA Data Bank and ORNRSICC), dedicated to the 2D and 3D
deterministic transport codes. In particular, with the support of BOT3P, based on
combinatorial geometry algorithms, it is now easily possitd generate automatically
detailed spatial mesh grids not only for the 2D and 3D transport codes of the DOORS system
but also for any other possible transport code (through simple interfaces dedicated to manage
the BOT3P binary output files), togethertvthe graphical verification of the input data of

the geometrical model.

During the last 1415 years, the 3D discrete ordinates)(8ansport codes increased their
competitiveness with respect to the corresponding 3D Monte Carlo stochastic codes,
obtaining comparable or even more convenient performances in terms of CPU times, with the
same calculation precision, similar description capability of complex geometries and suitable
simulation of different neutron and photon spectral conditions. Moreover 3breth
ordinates codebke the USATTILA /42/ commercialcode with unstructured spatial grids
(finite elements) can now treat not only the neutral but also the charged patrticle transport as
the more conventionatliscrete ordinates codes of the RussianCSN 2009 system of
deterministic codes with structured spatial grids: fi2 code R0OZ6.6, the 2D codes
KASKAD-S-2.5 (serial) and KASKAES-3.0 (parallel multithreaded)and the 3D codes
KATRIN-2.0 (serial) and KATRIN2.5 (parallel multthreaded)

Since eterministic transport codes are going to be employed in the analysis of the Generation
IV nuclear reactor projects within the European Uniesearchactivities, it would be highly
recommended that a specific interest dedicated to the generation ofgooo@dworking

cross section libraries should be promoted.

During the last years, the ENEBologna Nuclear Data Group has performed several actions
addressed to generate practical tools to increase, in particular, the performance and
competitiveness of the2D and 3D deterministic transport codesollowing the
recommendations proposed by the OERBA Data Bank

1. Severalfine-group cross section librarié®/ /5/ 130/ /31//143/ /44] 145/ |46/ 147/ 148/ for
nuclear fission applicationsere generated andesat presenfreely distributed by OECD
NEA Data Bank and ORNRSICC

2. A pre/postprocessor systerti2/ /13/ /14/ /15/ of programdor the automatic spatial mesh
generationdedicated to the 2D and 3D deterministic transport codes developed and it
is now freely distributed by OEGDEA Data Bank and ORNRSICC

3. Transport analyses dedicatedfigsion reactorneutronshielding benchmark experiments
11 121 149/ [50/ /51 152/ 53/ were performed also within the activitiésl/ of the OECD
NEA Nudear Science CommitteEFRDD Task Forcé3/ on nuclear fissiorreactor ageing
problems
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4. The whole set of the IRDE002/54/ dosimetry cross sectiongasprocesseds5/ in the 47
neutron group structure of the BUGIIB cross section library using flat weighting
neutron spectrurandneutronweighting spectra calculated with JEBR..1 and ENDF/B
VII.0 data, at one quarter of the tkiess of a typical PWR pressure vestgtse data are
partiallyincluded in the package of the presBatGENDF70.BOLIBlibrary.

1.2- ENDF/B-VIIL.0 Evaluated Nuclear Data Library

The cross section advances in the ENDF library support needs in a wide variety of applied
technologies. Complete cross section evaluations are needed in radiation transport simulation
codes that areised to model the neutronics, activation and nuclear transmutations, energy
deposition and absorbed dose, etc.. The applications include advanced reactor design, nuclear
waste transmutation and fuel cycles, nuclear criticality safety, fusion, medicatagippls

(isotope production, external beam therapy, etc.), nonproliferation and national security, space
physics, radiation protection and shielding.

The work performed for the ENDF/BII.0 /6/ library represented a coordinatégtber t f or y v «
years by reswchers from many US institutions, organized by CSEWG (Cross Section
Evaluation Working Group) which is the organization that oversees the development of this
dat abase. The principal advances were dicta
severallaboratories and by the Department of Energy (DOE). The D@€elof Science,

Oxce of Nucl ear Physicsd US Nucl ear Data Pr
support for bringing the various capabilities developedatreint laboratories together under
CSEWG, and for the National Nuclear Data Center to maintain and archive the ENDF
databases at Brookhaven National Laboratory. Most of the underlying research was supported
by the DOE National Nucl ear Security Agenc
(ASC), Nuclear Criticality Safety and Nonproliferation Research and Engineering programs,

in addition to the @ce of Science. The DOE Nuclear Energy (NBoe supported work

related to advanced fuel cycles and advanced reactors. Important support also came from the
DOE Naval Reactor Laboratories and from the National Institute for Standards and
Technology (NIST).

The devel opment of compl et e, evaluated cros
expertises: nuclear experimentation; nuclear theory and model predictions; statistical analysis;
radiation transport physics; computer code and database developnoeessing of nuclear

data; and fundamental and integral validation against experiments that include criticality and
neutron transmission (shielding) measurements. Ta@tehas brought together scientists

from these dierent disciplines to create the ERIB-VII.O library.

A cross section library is developed not only for the purpose of providing accurate basic
physics data, isotopsy-isotope, but also to perform well, as an ensemble, in applied
simulations. This is particularly important for nucleaticality applications, where for some

critical assemblies the performance may depend sensitively uggnOHL6, U-235, U238,

etc. data. Since all cross sections are known only to a certain level of precision,csigm t
attention was paid to ensure that the evaluated cross sections perform together well as a group
in validation simulations of these critical assemblies.

The ENDF/BVII.0 evaluated nuclear data library was developed in the period2002 and
it wasreleased (se®l) in December 2006.
The ENDF/BVILO library includes all the data in the internationadlgcepted END®
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format /%/. It contains 14 sublibraries ordered according to the NSUB sublibrary

i dentiycation numb e-6 format. &@herntatat nurbbgr oft nhaterial€ N D F
ENDF/B-VII.0O has increased considerably with respect to the previous (VI.8) version of the
ENDF/B library, largely thanks to the new decay data sublibrary. Although the ENDF/B
library is widely known for evaluated neutroross sections, a considerable amount of non
neutron data are contained as well.

As discussed below, out of the total of 14 sublibraries, there are two new sublibraries, 7
sublibraries were considerably updated and extended, while the remaining 5 sesllveag

taken over from ENDF/B/I1.8 without any change:

1. The photonuclear sublibrary is entirely new. It contains evaluated cross sections for
163 materials (all isotopes) mostly up to 140 MeV. The sublibrary has been supplied
by Los Alamos National Labotary (LANL) and it is largely based on the IAEA
coordinated collaboration completed in 2000. This project mostly used the evaluation
methodology and modelling tools for photonuclear reactions developed at LANL.

2. The photeatomic sublibrary has been takeveo from ENDF/BVI.8. It contains data
for photons from 10 eV up to 100 GeV interacting with atoms for 100 materials (all
elements). The sublibrary has been supplied by Lawrence Livermore National
Laboratory (LLNL).

3. The decay data sublibrary has been detafy reevaluated and considerably
extended by the National Nuclear Data Center, Brookhaven National Laboratory
(BNL).

4. The spontaneougssion yields were taken over from ENDFRB.8. The data were
supplied by LANL.

5. The atomic relaxation sublibrary was taken over from ENB¥B. It contains data
for 100 materials (all elements) supplied by LLNL.

6. The neutron reaction sublibrary repnesethe heart of the ENDFRBII.O library. The
sublibrary has been considerably updated and extended, with a number of entirely new
evaluations. It contains 393 materials, including 390 isotopic evaluations and 3
elemental ones (C, V and Zn). These evabust can be considered to be complete
(the only exception is E&53 that contains (m,) dosi met r ysinegetheyss s ec
contain data for all important reaction channels including energy spectra and angular
distributions for use in neutronics calculations. Important improvements were made to
the actinide nuclides by LANL, often in caboration with ORNL. Evaluations in the
yssion pr odu-68) havedeeqg entirdly£hanged3EINDRB.O contains
yssion product evaluations for 219 mater.
by LLNL, 1 by LANL-BNL and the remaining 145 maigls produced by the
international project (OECDIEA WPEC). Of the 393 materials, about 2/3 of the
evaluations are based upon recent important contributions from the US evaluators. The
remaining evaluations were adopted from other sources (mostly the LIBISD
library). Livermore provided-d e | a yag datador U235 and P+2 3 9 , for the
time in ENDF/B.
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7.

8.

9.

Neutron yssion yields -W.S8.Mhke ddtaanere suppbed eyr f
LANL.

The thermal neutron scattering sublibrary contains thermal scattering law data with 20
evaluatons, largely supplied by LANL, with several important updates and extensions
(in seven evaluations also based on the work By IKE Stuttgart, Germany). The
remaining evaluations were taken over from the END#B library.

The neutron cross sectiontasdards sublibrary is new. Although standards
traditionally constituted part of the ENDF/B library, in the past these data were stored
on a tape with a spgai tape number. As the concept of tapes has been abandoned in
ENDF/B-VII.O, the neutron cross sections standards sublibrary has been introduced.
Out of 8 standards materials, 6 were newly evaluated, while thg(iHie) and €
nat(n,n) standards were takewmeo from ENDF/BVI.8. The standard cross sections
were completely adopted by the neutron reaction sublibrary except for the thermal
cross section for +235(n,f) where a slight derence occurs to satisfy thermal data
testing. These new evaluations comenrfrthe international collaboration coordinated

by the IAEA and OECENEA WPEC; the US &ort was led by NIST and LANL.

10.The electreatomic sublibrary was taken over from ENDF/BS8. It contains data for

100 materials (all elements) supplied by LLNL.

11.The prdonrinduced reactions were supplied by LANL, the data being mostly to 150

MeV. There are several updates and several new evaluations.

12.The deuteronnduced reactions were supplied by LANL. This sublibrary contains 5

evaluations.

13.The tritoninduced reactins were supplied by LANL. This sublibrary contains 3

evaluations.

14.Reactions induced with H& were supplied by LANL. This sublibrary contains 2

evaluations.

The major US laboratory contributors to the ENDNB.O library are cited herewith. A
dominant ontributor to the evaluations is LANL, who provided the many actinide
evaluations in the neutron reaction sublibrary, almost all the evaluations in the neutron
thermal scattering sublibrary, many photonuclear and all the charged particle evaluations.
BNL contributed the decay data sublibrary and masgion product evaluations in the
neutron sublibrary; ORNL contributed neutron resonances for several actinides of key
importance; LLNL contributed 3 atomic sublibraries (carried over from previous evaluations),
and NIST played the leading role in develgpineutron cross section standards. BNL
performed Phase 1 testing (data veriycation
testing (data validation) and BNL is responsible for archival and dissemination of the library.

r

(0]
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1.3- Cross Section Processiagd Testing

The calculation approach used to produce the BNBF7QBOLIB library, based on the
ENDF/B-VII.0 /6/ evaluated nuclear data librarg consistet(see also 1) with theUS ANS

st a n d\eutrdn afid GammRay Cross Sections for Nuclear Rautiat Protection

Cal cul ations for Nuc | e@lr219PqR2e08 /347 Spetificallp ( ANS
the ENDF/B-VII.0O data were first processed into a figeup cross sectionset (the
VITENDF70.BOLIB /5/ library) similar to the VITAMIN-B6 /8/ pseudeproblem
independent library and then collapsed into a bigradip set(the BUGENDF70.BOLIB

library) similar to the BUGLES6 /8/ working library, derived from VITAMIN-B6.

The selected approach employs both the following modular nuclear data processing: systems
the LANL NJOY-99.259 17/ systemand the ENEABologna 2007 Revision /19 of the

ORNL SCAMPI/18/ system Several modules of NJOY were used to process the neutron
interaction, the photon production and the photon interaction data frolmNDé&/B-VI11.0
formats to a gromqaveraged format.

In order to process correctly modern evaluatedeardata likethe ENDF/B-VII.0 data files

it was necessary to develop an updated and corrected version of the SCAMPI, system
originally developed at ORNL from the AMRX7 /23/ system and already employed at
ORNL to generate the BUGLESG library from the VITAMIN-B6 library. In particulay the
previouslycites o cal | 68db| mgGNEBA 2007 Re yablsto gemerate &ind S C A MF
to read data in AMPX formatvas developedndwas released to OEGREA Data Bank and
ORNL-RSICC.

In particular the ENEABologna 2007 Revision of SCAMPI, through the revised and
corrected SMILER modulavas employed to read the doupleecision GENDF binary files

from the NJOY¥99.259 nuclear data pressing systento translate the intermediate NJOY

file into the AMPX master formdbr the VITENDF70.BOLIBfine-group libraryand finally,

to calculate the total (prompt + delayed) neutron fission specithaverage numbers of
neutrons emitted per fisgiptaking into accounthatther delayed neutron componsrtould

not be previously obtainedith the original ORNL SMILER version of the SCAMPI system.
The BONAMI module was used to salfiield the VIENDF7QBOLIB cross sections taking

into account the @mpositional, geometrical and temperature specifications typical of PWR
and BWRcalculationmodels. Thesselfshieldedcross sections the VITENDF7QBOLIB
neutron and photon firgroup energy structurewere used in transport calculations to
determine le problemdependent weighting spectra employed to generate the
BUGENDF7QBOLIB neutron and photon broagtoup collapsed cross sectiotisrough the
revised and corrected MALOCS modulghich wasused in particular,to performthe cross
section collapsingf the rectangular fission matrices

A detailed description of the data processipgrformed for the generation ofthe
VITENDF7QBOLIB fine-group library is given in Chapter 2 while the specifications and
processing methods used to generate the BNIF70BOLIB broadgroup working library
are described in ChapterRnally, the results o& preliminarybutimportantvalidation effort
dedicated to the BUBENDF7QBOLIB library is presented in Chapter 4.
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2-VIT ENDF70.BOLIB FINE -GROUP LIBRARY SPECIFICATIONS

The VITENDF70.BOLIB /5/ library is a finegroup pseudgroblemindependent cross

section library, based on the Bondarenkb(f-factor) method for the treatment of neutron

resonance sebBhielding and temperature effects. This library, generated in EBiidégna

by the Nuclear Data Group, is a coupled neutron/photon library in AMPX format for nuclear
fission applications, based on tb& ENDF/B-VII.0 /6/ evaluated nuclear data library. It has

the same neutron and photon energy group structures (199 neutngps + 42 photon
groups) and general basic features as the ORNL -DRGVITAMIN-B6 /8/ American
library in AMPX format, based on th¢éS ENDF/B-VI.3 /9/ evaluated nuclear data library.

The VITENDF70.BOLIB library was generated through an updated autoroalculation

procedure based on the LANL NJEPB.259 /T/ nuclear data processing system, with the

updating fupne a®dBd@ta200aRedsion @ & theEORNIASCAMPI /8/
nuclear data processing system. VITENDF70.BOLIB was extensively testednany

thermal, intermediate and fast neutron spectrum criticality safety benchmark experiments.

A revised version of the SMILER module of the ENBAlogna 2007 Revision of the
SCAMPI system was used to translate the-fireup data from the GENDF formatto the

AMPX master library format of the VITENDF70.BOLIB library. In parallel, automatic

mul ti pl i cat i o4h owdr ofthh Eegendeer polynamial s{@xpansion of the

scattering cross section matr i &SMLER mddde ( 2 a

for all the processed data files of the nuclides contained in the library.

The cross section files of VITENDF70.BOLIB in AMPX format can be exclusively treated by

the updated ENE/Bologna 2007 Revision of the SCAMPI system which assuheghalevel

of flexibility in the production of working cross section libraries and an evident consistency
with the VITAMIN-BG6 library generation methods. It is underlined, in particular, that the

ENEA-Bologna revised version of the SMILER module, contaimedhe ENEABologna

2007 Revision of the SCAMPI system, permits to obtain separately the prompt neutron fission

spectrum (MF=pMT=18), the delayed neutron fission spectrum (MF¥E=455) and the
total neutron fission spectrum needed, e.g., in the fixadce transport calculations for

reactor radiation shielding applications. On the contrary, from the original ORNL SMILER

version (see A/), used to generate VITAMIB6 and VITIEF22.BOLIB /&/, it is possible to

obtain only the prompt neutron componentta fission spectrum.

At present, the availability of the VITENDF70.BOLIB library permits to obtain derived

working libraries of collapsed and sslhielded cross sections, through the ENB#logha

2007 Revision of the SCAMPI system. More specificalig tross sections can be collapsed
by the MALOCS module, can be ssliielded by the BONAMI module and finally can be
generated in the AMPX or FIDANISN /4/ format. The cross sections in AMPX format can
be used by the XSDRNPM omkmensional (1D) discreterdinates transport code, included
in the ORNL AMPX77 23/ and SCAMPI nuclear data processing systems, or in the ORNL

SCALE-6 24/ nuclear safety system. Concerniing cross sections in FIDANISN format,
they can be used by the discrete ordinateg (feterministic codes ANISMKDRNL (1D),
DORT (2D) and TORT (3D) of the DOORSY system, by the PARTISN 68 (1D, 2D and
3D) parallel timedependent discrete ordinates system and, finally, by the MOBSEBD

Monte Carlo stochastic code.

E
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2.1- Name

The fineegroup  pseudgroblemindependent library  which  generated the
BUGENDF70.BOLIB broaegroup working library is designated as VITENDF70.BOI/HA

AVI TO suggests that the main features of t
VITAMIN -B6 /8/ library ard to the ENEA finegroup libraries31//44/ /48 in AMPX format

with the same neutron and photon energy gr
conveniently reflects the origin of the evaluated data: the ENDMHB /6/ evaluated nuclear

data libraryFi nal | y, ABOLI B0O means BOlogna LI Brary
production of the library.

2.2- Materials, Temperatures and Background Cross Sections

A set of 183 cross section files, derived from the ENDYIBO /6/ evaluated nuclearata
library, was processed for the VITENDF70.BOLIB/ fine-group library. In particular the
complete list of the included nuclides is reported in TAB. 2.1 together with the corresponding
Z atomic numbers, the ENDF¥RII.0 MAT numbers, the AMPX identifierand a flag
(YES/NO) indicating the presence of gamrmag production data in the specific evaluated
nuclear data file. It is underlined that, in this set of processed data files, only two data files
correspond to evaluated natural elementsng€C and Vnaf) whereas the other ones
correspond to single isotope evaluated data files.

The Bondarenko7/ (f-factor) method was used for handling neutron resonancstseltling
and temperature effects. As for VITAMIRG /8/, all the 177 standard (not bound) ndek
were processed at the 4 temperatures of <8Q0600 °K, 1000 °K and 2100°K and most
materials were processed with 6 to 8 values for the background cross sectibnese
parameters are indicated in detail in TAB. 2.2, where it is possible to vieafynearly all
materials were processed with the following valuesfl, 10, 1.0E+2, 1.0E+3, 1.0E+4 and
1.0E+10 barns.

With respect to thesy values used in the generation of the3eeprocessed files in the
VITAMIN -B6 (AMPX format), VITJEF22.BOLIB /8/ (AMPX format) and
MATJEF22.BOLIB A7/ (MATXS format) older libraries, an additional, numerical value
equal to 0.01 barns was used in the production of thB6Fprocessed file included in
VITENDF70.BOLIB as it was done for the VITIEFF31.BOLIB4/ (AMPX format) and
VITJEFF311.BOLIB BY (AMPX format) libraries and for the MATJEFF31.BOLIBIY
(MATXS format) library. This additionab, numerical value improves further, through a
more precise selhielding factor interpolation, the neutron sdtieldingof the Fe56 cross
sections in natural iron. Moreover the possibility of a more accuratstsgeltling calculation

for Fe-56 was considered useful also in LWR radiation damage analyses in the carbon steel of
the pressure vessel and in the stainless stelé reactor internals (se® aAnd B0/).

For consistency with most other similar libraries, it was decided to use infinitely dilute
background cross sectionsg(= 1.0E+10 barns) for nuclides with the atomic number Z less
than 7, with the exception &-11. Hence, only a background cross section with a numerical
value of 1.0E+10 barns was used for each of these nuclides.

Thermal scattering cross sections were produced for six additional bound nuclides which were
processed at all the temperatures ($&d. 2.3) available in the ENDFA¥II.0 thermal
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scattering law data file (seé/): H-1 in light water, H1 in polyethylene, HL in zirconium
hydride (not contained in the VITAMKB6, VITIEF22.BOLIB and MATJEF22.BOLIB
libraries), H2 in heavy water, C inrgphite and Be in beryllium metal.

Finally, it is important to note that in total reactor power and heating calculations, the
corresponding results can be heavily affected by the lack of gamma production data in some
ENDF/B-VII.0 evaluated data files. Coarning this, it is recommended to verify carefully if

the ENDF/BVII.O data files of the nuclides involved in the calculations include gamma
production data (see TAB. 2.1).
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ENDF/B-VII.0 Nuclides Processed for the VITENDF70.BOLIB Library.

TAB. 2.1

Z Nuclide ENDF/B -VI.O  AMPX Gamma - Ray
MAT Identifier Production
1 H -HO 125/1 1001 YES
H CH 125/37 1901 YES
H ZrH 125/7 1401 YES
D- D,O 128/11 1002 YES
H 3 131 1003 NO
2 He -3 225 2003 NO
He- 4 228 2004 NO
3 Li -6 325 3006 YES
Li-7 328 3007 YES
4 Be -9 425 4009 YES
Be- 9 (Thermal) 425/26 4309 YES
5 B -10 525 5010 YES
B-11 528 5011 YES
6 C -nat 600 6012 YES
C- nat (Graphite) 600/31 6312 YES
7 N -14 725 7014 YES
N- 15 728 7015 YES
8 O -16 825 8016 YES
o 17 828 8017 NO
9 F -19 925 9019 YES
11 Na -23 1125 11023 YES
12 Mg -24 1225 12024 YES
Mg 25 1228 12025 YES
Mg 26 1231 12026 YES
13 Al -27 1325 13027 YES
14 Si -28 1425 14028 YES
Si-29 1428 14029 YES
Si-30 1431 14030 YES
15 P -31 1525 15031 YES
16 S -32 1625 16032 YES
S-33 1628 16033 YES
S-34 1631 16034 YES
S- 36 1637 16036 YES
17 CI -35 1725 17035 YES
Cl-37 1731 17037 YES
19 K -39 1925 19039 YES
K- 40 1928 19040 YES
K- 41 1931 19041 YES
20 Ca -40 2025 20040 YES
Ca- 42 2031 20042 YES
Ca- 43 2034 20043 YES
Ca 44 2037 20044 YES
Ca- 46 2043 20046 YES
Ca- 48 2049 20048 YES
22 Ti -46 2225 22046 YES
Ti - 47 2228 22047 YES
Ti - 48 2231 22048 YES
Ti - 49 2234 22049 YES
Ti-50 2237 22050 YES
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ENDF/B-VII.0 Nuclides Processed fone VITENDF70.BOLIB Library.

TAB. 2.1 Continued

Z Nuclide ENDF/B -VI.O  AMPX Gamma - Ray
MAT Identifier Production
23 V -nat 2300 23000 YES
24 Cr -50 2425 24050 YES
Cr-52 2431 24052 YES
Cr-53 2434 24053 YES
Cr-54 2437 24054 YES
25 Mn -55 2525 25055 YES
26 Fe -54 2625 26054 YES
Fe- 56 2631 26056 YES
Fe- 57 2634 26057 YES
Fe- 58 2637 26058 YES
27 Co -59 2725 27059 YES
28 Ni -58 2825 28058 YES
Ni - 60 2831 28060 YES
Ni- 61 2834 28061 YES
Ni - 62 2837 28062 YES
Ni - 64 2843 28064 YES
29 Cu -63 2925 29063 YES
Cu- 65 2931 29065 YES
31 Ga -69 3125 31069 NO
Ga71 3131 31071 NO
39 Y -89 3925 39089 YES
40 Zr -90 4025 40090 YES
Zr-91 4028 40091 YES
Zr-92 4031 40092 YES
Zr-94 4037 40094 YES
Zr - 96 4043 40096 YES
41 Nb -93 4125 41093 YES
42 Mo -92 4225 42092 YES
Mo 94 4231 42094 YES
Mo- 95 4234 42095 YES
Mo- 96 4237 42096 YES
Mo 97 4240 42097 YES
Mo- 98 4243 42098 YES
Mo 100 4249 42100 NO
47 Ag -107 4725 47107 YES
Ag- 109 4731 47109 YES
48 Cd -106 4825 48106 YES
Cd- 108 4831 48108 NO
Cd- 110 4837 48110 NO
Cd- 111 4840 48111 YES
Cd- 112 4843 48112 NO
Cd- 113 4846 48113 NO
Cd- 114 4849 48114 NO
Cd- 115m 4853 48115 YES
Cd- 116 4855 48116 NO
49 In -113 4925 49113 NO
In - 115 4931 49115 NO
50 Sn -112 5025 50112 NO
Sn- 114 5031 50114 NO
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ENDF/B-VII.O Nuclides Processed for the VITENDF70.BOLIB Library.

TAB. 2.1 Continued

Z Nuclide ENDF/B -VI.O  AMPX Gamma - Ray
MAT Identifier Production
Sn- 115 5034 50115 NO
Sn- 116 5037 50116 NO
Sn- 117 5040 50117 NO
Sn- 118 5043 50118 NO
Sn- 119 5046 50119 NO
Sn- 120 5049 50120 NO
Sn- 122 5055 50122 NO
Sn- 123 5058 50123 NO
Sn- 124 5061 50124 NO
Sn- 125 5064 50125 YES
Sn- 126 5067 50126 NO
56 Ba -138 5649 56138 NO
63 Eu -151 6325 63151 NO
Eu- 152 6328 63152 NO
Eu- 153 6331 63153 YES
Eu- 154 6334 63154 NO
Eu- 155 6337 63155 NO
64 Gd -152 6425 64152 YES
Gd 154 6431 64154 YES
Gd 155 6434 64155 YES
Gd 156 6437 64156 YES
Gd 157 6440 64157 YES
Gd- 158 6443 64158 YES
Gd 160 6449 64160 YES
68 Er -162 6825 68162 YES
Er-164 6831 68164 YES
Er- 166 6837 68166 YES
Er-167 6840 68167 YES
Er-168 6843 68168 YES
Er-170 6849 68170 YES
72 Hf -174 7225 72174 NO
Hf-176 7231 72176 NO
Hf-177 7234 72177 NO
Hf-178 7237 72178 NO
Hf-179 7240 72179 NO
Hf - 180 7243 72180 NO
73 Ta -181 7328 73181 YES
Ta- 182 7331 73182 NO
74 W -182 7431 74182 YES
W 183 7434 74183 YES
W 184 7437 74184 YES
W 186 7443 74186 YES
75 Re -185 7525 75185 NO
Re- 187 7531 75187 NO
79 Au -197 7925 79197 YES
82 Pb -204 8225 82204 YES
Pb- 206 8231 82206 YES
Pb- 207 8234 82207 YES
Pb- 208 8237 82208 YES
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TAB. 2.1 Continued

ENDF/B-VII.0 Nuclides Processed for the VITENDF70.BOLIB Library.

Z Nuclide ENDF/B -VI.O  AMPX Gamma - Ray
MAT Identifier Production

83 Bi -209 8325 83209 YES
90 Th -230 9034 90230 NO
Th- 232 9040 90232 YES
91 Pa -231 9131 91231 YES
Pa- 233 9137 91233 YES
92 U -232 9219 92232 YES
U- 233 9222 92233 YES
U- 234 9225 92234 YES
U- 235 9228 92235 YES
U- 236 9231 92236 YES
U- 237 9234 92237 YES
U- 238 9237 92238 YES
93 Np -237 9346 93237 YES
Np- 238 9349 93238 NO
Np- 239 9352 93239 NO
94 Pu -236 9428 94236 NO
Pu- 237 9431 94237 NO
Pu- 238 9434 94238 NO
Pu- 239 9437 94239 YES
Pu- 240 9440 94240 YES
Pu- 241 9443 94241 YES
Pu- 242 9446 94242 YES
Pu- 243 9449 94243 YES
Pu- 244 9452 94244 NO
95 Am -241 9543 95241 YES
Am 242 9546 95242 NO
Am 242m 9547 95601 NO
Am 243 9549 95243 YES
96 Cm -241 9628 96241 NO
Cm 242 9631 96242 YES
Cm 243 9634 96243 NO
Cm 244 9637 96244 NO
Cm 245 9640 96245 NO
Cm 246 9643 96246 NO
Cm 247 9646 96247 NO

Cm 248 9649 96248 YES
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TAB. 2.2

Background Cross Sections Values at which Bondarenko Factors Are Tabulated
in the VITENDF70.BOLIB Library.
All Nuclides Were Processed at Four Temperatures: 300 °K, 600 °K, 1000 °K and 2100 °K.

Nuclide Background Cross Sections [barns] Legendre
1.E+10 1.E+6 1.E+5 1.E+4 1000. 300. 100. 50. 10. 1. 0.01 Order

H1 1.E+10 7

H2 1.E+10 7
H3 1.E+10 7

He-3 1.E+10 7
He-4 1.E+10 7

Li-6 1.E+10 7

Li-7 1.E+10 7
Be-9 1.E+10 7

B-10 1.E+10 7

B-11 1.E+10 1000. 100. 10. 1. 7

C-nat 1.E+10 7

N-14 1.E+10 1000. 100. 10. 1. 7
N-15 1.E+10 1000. 100. 10. 1. 7

O 16 1.E+10 1000. 100. 10. 1. 7

O 17 1.E+10 1000. 100. 10. 1. 7
Fa-19 1.E+10 1000. 100. 10. 1. 7

Na- 23 1.E+10 1000. 300. 100. 50. 10. 1. 7

Mg 24 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Mg 25 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Mg 26 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Al-27 1.E+10 1.E+4 1000. 100. 50. 10. 1. 7

Si-28 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Si-29 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7
Si-30 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

P-31 1.E+10 1.E+4 1000. 100. 10. 1. 7

S-32 1.E+10 1.E+4 1000. 100. 10. 1. 7

S-33 1.E+10 1.E+4 1000. 100. 10. 1. 7

S-34 1.E+10 1.E+4 1000. 100. 10. 1. 7

S-36 1E +10 1.E+4 1000. 100. 10. 1. 7

Cl-35 1.E+10 1.E+4 1000. 100. 10. 1. 7

Cl-37 1.E+10 1.E+4 1000. 100. 10. 1. 7
K-39 1.E+10 1.E+4 1000. 100. 10. 1. 7

K-40 1.E+10 1.E+4 1000. 100. 10. 1. 7

K-41 1.E+10 1.E+4 1000. 100. 10. 1. 7

Ca-40 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Ca-42 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Ca-43 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Ca- 44 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Ca-46 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7
Ca-48 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Ti-46 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Ti-47 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Ti-48 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Ti-49 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Ti-50 1.E+10 1.E +5 1.E+4 1000. 100. 10. 1. 7

V-nat 1.E+10 1.E+4 1000. 100. 10. 1. 7

Cr-50 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Cr-52 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Cr-53 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Cr-54 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7
Mn 55 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Fe-54 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Fe-56 1.E+10 1.E+5 1.E +4 1000. 100. 50. 10. 1.0.01 7

Fe-57 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Fe-58 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Co- 59 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7

Ni-58 1.E+10 1.E+5 1.E+4 1000. 100. 50. 10. 1. 7

Ni-60 1.E+10 1.E+5 1.E+4 1000. 100. 50. 10. 1. 7

Ni-61 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7
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TAB. 2.2 Continued

Background Cross Sections Values at which Bondarenko Factors Are Tabulated
in the VITENDF70.BOLIB Library.
All Nuclides Were Processed at Four Temperatures: 300 °K, 600 °K, 1000 °K and 2100 °K.

Nuclide Background Cross Sections [barns] Legendre
1.E+10 1.E+6 1.E+5 1.E+4 1000. 300. 100. 50. 10. 1. 0.01 Order
Ni-62 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7
Ni-64 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7
Cu-63 1.E+10 1.E+5 1.E +4 1000. 100. 10. 1. 7
Cu-65 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 7
Ga 69 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Ga 71 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Y-89 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Zr-90 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Zr-91 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Zr-92 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Zr-94 1.E+10 1.E+5 1.E+4 100 0. 100. 10. 1. 5
Zr-96 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Nb-93 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Mo 92 1.E+10 1.E+5 1.E+4 1000. 100. 5
Mo 94 1.E+10 1.E+5 1.E+4 1000. 100. 5
Mo 95 1.E+10 1.E+5 1.E+4 1000. 100. 5
Mo 96 1.E+10 1.E+5 1.E+4 1000. 100. 5
Mo 97 1.E+10 1.E+5 1.E+4 1000. 100. 5
Mo 98 1.E+10 1.E+5 1.E+4 1000. 100. 5
Mo 100 1.E+10 1.E+5 1.E+4 1000. 100. 5
Ag- 107 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Ag- 109 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Cd- 106 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Cd- 108 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Cd- 110 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Cd- 111 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Cd- 112 1.E+10 1.E+5 1.E+4 1000. 100 . 10. 1. 5
Cd- 113 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Cd- 114 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Cd- 115m 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1 5
Cd- 116 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
In-113 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
In-115 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Sn-112 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Sn-114 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Sn-115 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Sn-116 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Sn-117 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Sn-118 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Sn-119 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Sn-120 1 .E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Sn-122 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Sn-123 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Sn- 124 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Sn-125 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Sn-126 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Ba- 138 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Eu- 151 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5
Eu- 152 1.E+10 1 .E+6 1.E+5 1.E+4 1000. 100. 5
Eu- 153 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5
Eu- 154 1.E+10 1.E+6 1.E+5 1.E+4 1000. 100. 5
Eu- 155 1.E+10 1.E+6 1.E+5 1.E+4 1000. 100. 5
Gd 152 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Gd 154 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Gd 155 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Gd 156 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Gd 157 1.E+10 1 .E+5 1.E+4 1000. 100. 10. 1. 5
Gd 158 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Gd- 160 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
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TAB. 2.2 Continued

Background Cross Sections Values at which Bondarenko Factors Are Tabulated
in the VITENDF70.BOLIB Library.
All Nuclides Were Processed at Four Temperatures: 300 °K, 600 °K, 1000 °K and 2100 °K.

Nuclide Background Cross Sections [barns] Legendre
1.E+10 1.E+6 1.E+5 1.E+4 1000. 300. 100. 50. 10. 1. 0.01 Order

Er-162 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Er-164 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Er-166 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Er-167 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Er-168 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Er-170 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Hf-174 1.E+10 1 .E+5 1.E+4 1000. 100. 10. 1. 5

Hf-176 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Hf-177 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5
Hf-178 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Hf-179 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5

Hf-180 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Ta-181 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5

Ta-182 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5

W 182 1.E+10 1.E+5 1 .E+4 1000. 100. 10. 1. 5

W 183 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5

W 184 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

W 186 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Re- 185 1.E+10 1.E+6 1.E+5 1.E+4 1000. 100. 5

Re- 187 1.E+10 1.E+6 1.E+5 1.E+4 1000. 100. 5
Au- 197 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Pb- 204 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Pb- 206 1.E+10 1E+5 1.E+4 1 000. 100. 10. 1. 5

Pb- 207 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Pb-208 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Bi-209 1.E+ 10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Th-230 1.E+10 1.E+6 1.E+5 1.E+4 1000. 100. 5

Th-232 1.E+10 1.E+4 1000. 300. 100. 50. 10. 1. 5
Pa-231 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5

Pa- 233 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5

U232 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5

U233 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5

U234 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

U235 1.E+10 1.E+ 6 1.E+5 1.E+4 1000. 100. 50. 5

U236 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

U 237 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5
U238 1.E+10 1.E+4 1000. 300. 100. 50. 10. 1. 5

N-237 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Np- 238 1.E+10 1.E+5 1.E+4 1000. 1 00. 50. 5

Np-239 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5

Pu-236 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Pu- 237 1.E+10 1.E+ 5 1.E+4 1000. 100. 50. 5

Pu-238 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Pu-239 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5

Pu-240 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Pu-241 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5

Pu- 242 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5
Pu- 243 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5

Pu- 244 1.E+10 1.E+5 1.E+4 1000. 100. 10. 1. 5

Am 241 1.E+10 1.E+5 1.E+ 4 1000. 100. 50. 5

Am 242 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5

Am 242m 1.E+10 1.E+5 1.E+4 1000. 5

Am 243 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5

Cm241 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5

Cm242 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5
Cm 243 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5

Cm 244 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5

Cm 245 1.E+10 1.E+5 1.E+4 1000 . 100. 50. 5

Cm 246 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5
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TAB. 2.2 Continued

Background Cross Sections Values at which Bondarenko Factors Are Tabulated
in the VITENDFO.BOLIB Library.
All Nuclides Were Processed at Four Temperatures: 300 °K, 600 °K, 1000 °K and 2100 °K.

Nuclide Background Cross Sections [barns] Legendre
1.E+10 1.E+6 1.E+5 1.E+4 1 000. 300. 100. 50. 10. 1. 0.01 Order

Cm 247 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5
Cm 248 1.E+10 1.E+5 1.E+4 1000. 100. 50. 5
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TAB. 2.3

Processed Thermal Scattering Data in the VITENDF70.BOLIB Library.

Thermal scattering cross sections for the following bound nuclides were produced, through
the THERMR module of NJOY, from the scattering matrices [§(at various temperatures,
included in the original ENDF/B/11.0 thermal scattering law data file:

H-1in HO (light water)

H-1in CH, (polyethylene)
H-1in ZrH (zirconium hydride)
H-2 in D,O (heavy water)

C (graphite)

Be (beryllium metal)

Nuclide TemperatureK]

H-1in HO 293.6 350. 400. 450. 500. 550. 600. 650. 800.
H-1in CH 296. 350.

H-1in ZrH 296. 400. 500. 600. 700. 800. 1000. 1200.

H-2 in D,O 293.6 350. 400. 450. 500. 550. 600. 650.

C 296. 400. 500. 600. 700. 800. 1000. 1200. 16000.20

Be 296. 400. 500. 600. 700. 800. 1000. 1200.
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2.3- Energy Group Structure

The VITENDF70.BOLIB library adopts the same neutron and photon energy group structures
as the VITAMIN-B6 /8/ library with 199 neutron energy groups (see TAB. 2.4) 44

photon energy groups (see TAB. 2.5). The neutron and photon energy ranges are respectively
included within 1.0ED5 eV and 1.9640E+07 eV for neutrons and within 1.0E+03 eV and
3.0E+Q7 eV for photons.

As reported in the VITAMINBG6 | i br ar y , thissl89%néusron graup straidture was
constructed as a compromise and improvement over the 174 neutron group structure used for
the VITAMIN-E /59 fine-group library, primarily conceived to treat fast neutron spectrum
applications, and the 27 neutron goastructure of the 2ideutrongroup library, included in

the SCALE 24/ system, suitable to treat criticality safety problems anebtabre radiation
shielding applications. The ZYeutrongroup library has, in particular, a favourable neutron
group discetization in the thermal neutron energy range whilst the resolution in the fast
neutron energy range above 0.1 MeV results to be inadequate. Therefore the choice of the 199
group structure permits to treat not only fast neutron spectrum applicationsgtthtice

proper neutron group structure at higher energies typical of VITAEINut also to treat
physical systems with thermal neutron spectra, through the adequate group structure at lower
energies of the 2@Aeutrongroup library. Like the VITAMINBG library, the
VITENDF70.BOLIB thermal neutron energy range, i.e. the range of the neutron energy
groups which include upscatter, contains 36 groups and has 5.043 eV as the uppermost
boundary. In particular, the thermal neutron group energy limits are listE4ABn 2.6. As
underlined in the VITAMINBG6 | i brary usero6s manual, by ~con
VITAMIN -E with the 27group neutron energy grids, the best options were obtained for
creating a probleandependent energy grid for a variety of reactesigns, including thermal

(water or graphitenoderated) and fast reactor systems. Consequently, proldpemdent

cross section libraries can be easily derived from VITENDF70.BOLIB, through the ENEA
Bologna 2007 Revision 91 of the SCAMPI /8/ data proessing system, without having to
repeat the mukgroup averaging directly from the ENDFAAI.O /6/ data files.

The full VITENDF70.BOLIB library neutron energy group structure given in TAB. 2.4 is
identical to the corresponding structure of the VITAMBSE library. The 199 group energy
limits are based on the 175 groups in VITAMINGO (an OECDBNEA Data Bank library

based on the VITAMINC /61/ and VITAMIN-E structures) with an expanded number of
thermal groups as discussed above. At higher energiebothearies are almost identical

with the earlier VITAMIN libraries, which consist of a basic if@upmesh of equal
lethargy width plus numerous additional boundaries to resolve resonance minima that are
important for radiation shielding calculations.

The full VITENDF70.BOLIB library photon energy group structure given in TAB. 2.5 is
identical to the corresponding structure of the VITAMHAS library. It is based on a
combination of the 42 photon groups in the VITAMINstructure and the 18 group structure
in the SCALE shielding library. The top energy group extends to 30 MeV, which allows
proper representation of high energy gammans from neutron capture at high energies.
Although the cross section for capture at neutron energies between 20 and 30 3vieM,is
such a reaction in some materials can produce garaysawith energies between 20 and 30
MeV, as reported inthe VITAMIB 6 | i brary user6s manual



EINEN.  centro Ricerche Bologna

Sigla di identificazione

UTFISSM-P9H6-008

Rev.

Distrib.
L

Pag. di
28 215

TAB. 2.4

Neutron Group Energy Boundaries for the #NDF7QBOLIB Library.

Group Upper Energy Upper Lethargy
Energy [eV]  Width [eV] Lethargy Width
1 1.9640E+Q7 2.3080E+06 - 6.7498E - 01 0.1250
2 1.7332E+07 4.2700E+05 -5.4997E - 01 0.0249
3 1.6905E+07 4.1800E+05 -5.2502E - 01 0.0250
4 1.6487E+0Q7 8.0400E+05 -4.9999E - 01 0.0500
5 1.5683E+07 7.6500E+05 -4.4999E - 01 0.0500
6 1.4918E+07 3.6 800E+05 - 3.9998E - 01 0.0250
7 1.4550E+07 3.5900E+05 -3.7501E - 01 0.0250
8 1.4191E+07 3.5100E+05 - 3.5002E - 01 0.0250
9 1.3840E+07 3.4100E+05 - 3.2498E - 01 0.0249
10 1.3499E+07 6.5900E+05 - 3.0003E - 01 0.0501
11 1.2840E+07 3.1700E+05 -2.4998E -01 0.0250
12 1.2523E+07 3.0900E+05 - 2.2498E -01 0.0250
13 1.2214E+07 5.9600E+05 - 2.0000E - 01 0.0500
14 1.1618E+07 5.6600E+05 - 1.4997E - 01 0.0499
15 1.1052E+07 5.3900E+05 -1.0003E - 01 0.0500
16 1.0513E+07 5.1300E+05 - 5.0027E - 02 0.0500
17 1.0000E +07 4.8770E+05 0.0000E+00 0.0500
18 9.5123E+06 4.6390E+05 4.9999E -02 0.0500
19 9.0484E+06 4.4130E+05 9.9997E -02 0.0500
20 8.6071E+06 4.1980E+05 1.5000E -01 0.0500
21 8.1873E+06 3.9930E+05 2.0000E -01 0.0500
22 7.7880E+06 3.7980E+05 2.5000E -01 0.0500
23 7.4082E+06 3.6130E+05 3.0000E -01 0.0500
24 7.0469E+06 3.437 OE+05 3.5000E -01 0.0500
25 6.7032E+06 1.1080E+05 4.0000E -01 0.0167
26 6.5924E+06 2.1610E+05 4.1667E -01 0.0333
27 6.3763E+06 3.1100E+05 4.5000E -01 0.0500
28 6.0653E+06 2.9580E+05 5.0000E -01 0.0500
29 5.7695E+06 2.8140E+05 5.5000E -01 0.0500
30 5.4881E+06 2.6760E+05 6.0000E -01 0.0500
31 5.2205E+06 2.5460E+05 6.4 999E- 01 0.0500
32 4.9659E+06 2.4220E+05 6.9999E -01 0.0500
33 4.7237E+06 2.3040E+05 7.4999E -01 0.0500
34 4.4933E+06 4.2760E+05 8.0000E -01 0.1000
35 4.0657E+0 6 3.8690E+05 9.0000E -01 0.1000
36 3.6788E+06 3.5010E+05 1.0000E+00 0.1000
37 3.3287E+06 1.6230E+05 1.1000E+00 0.0500
38 3.1664E+06 1.5450E+05 1.1500E+00 0 .0500
39 3.0119E+06 1.4680E+05 1.2000E+00 0.0500
40 2.8651E+06 1.3980E+05 1.2500E+00 0.0500
41 2.7253E+06 1.3290E+05 1.3000E+00 0.0500
42 2.5924E+06 1.2640E +05 1.3500E+00 0.0500
43 2.4660E+06 8.0800E+04 1.4000E+00 0.0333
44 2.3852E+06 1.9900E+04 1.4333E+00 0.0084
45 2.3653E+06 1.9600E+04 1.4417E+00 0.0083
46 2.3457E+06 3.8800E+04 1.4500E+00 0.0167
47 2.3069E+06 7.5600E+04 1.4667E+00 0.0333
48 2.2313E+06 1.0880E+05 1.5000E+00 0.0500
49 2.1225E+06 1.0350E+05 1.550 OE+00 0.0500
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TAB. 2.4 Continued

Neutron Group Energy Boundaries for the #NDF7QBOLIB Library.

Group Upper Energy Upper Lethargy
Energy [eV]  Width [eV] Lethargy Width
50 2.0190E+06 9.8500E+04 1.6000E+00 0.0500
51 1.9205E+06 9.3700E+04 1.6500E+00 0.0500
52 1.8268E+06 8.9100E+04 1.7000E+00 0.0500
53 1.7377E+06 8.4700E+04 1.7500E+00 0.0500
54 1.6530E+06 8.0600E+04 1.8000E+00 0.0500
55 1.5724E+06 7.6700E+04 1.8500E+00 0.0500
56 1.4957E+06 7.3000E+04 1.9000E+00 0.0500
57 1.42 27E+06 6.9300E+04 1.9500E+00 0.0500
58 1.3534E+06 6.6000E+04 2.0000E+00 0.0500
59 1.2874E+06 6.2800E+04 2.0500E+00 0.0500
60 1.2246E+06 5.9800E+04 2.1000E+00 0.0500
61 1.1648E+06 5.6800E+04 2.1500E+00 0.0500
62 1.1080E+06 1.0540E+05 2.2000E+00 0.1000
63 1.0026E+06 4.0960E+04 2.3000E+00 0.0417
64 9.6164E+05 5. 4460E+04 2.3417E+00 0.0583
65 9.0718E+05 4.4240E+04 2.4000E+00 0.0500
66 8.6294E+05 4.2090E+04 2.4500E+00 0.0500
67 8.2085E+05 4.0030E+04 2.5000E+00 0.0500
68 7.8082E+05 3.8080E+04 2.5500E+00 0.0500
69 7.4274E+05 3.6230E+04 2.6000E+00 0.0500
70 7.0651E+05 3.4450E+04 2.6500E+00 0.0500
71 6.7206E+05 3.2780E+04 2.7000E+00 0.0500
72 6.3928E+05 3.1180E+04 2.7500E+00 0.0500
73 6.0810E+05 2.9660E+04 2.8000E+00 0.0500
74 5.7844E+05 2.8210E+04 2.8500E+00 0.0500
75 5.5023 E+05 2.6830E+04 2.9000E+00 0.0500
76 5.2340E+05 2.5530E+04 2.9500E+00 0.0500
77 4.9787E+05 4.7380E+04 3.0000E+00 0.1000
78 4.5049E+05 4.2870E+04 3.1000E+00 0.1000
79 4.0762E+05 1.9880E+04 3.2000E+00 0.0500
80 3.8774E+05 1.8910E+04 3.2500E+00 0.0500
81 3.6883E+05 3.5100E+04 3.3000E+00 0.1000
82 3.3373E+05 3.17 60E+04 3.4000E+00 0.1000
83 3.0197E+05 3.4800E+03 3.5000E+00 0.0116
84 2.9849E+05 1.2800E+03 3.5116E+00 0.0043
85 2.9721E+05 2.6900E+03 3.5159E+00 0.0091
86 2.9452E+05 7.2700E+03 3.5250E+00 0.0250
87 2.8725E+05 1.4010E+04 3.5500E+00 0.0500
88 2.7324E+05 2.6000E+04 3.6000E+00 0.1000
89 2.4724E+05 1.2060E+04 3. 7000E+00 0.0500
90 2.3518E+05 1.1470E+04 3.7500E+00 0.0500
91 2.2371E+05 1.0910E+04 3.8000E+00 0.0500
92 2.1280E+05 1.0380E+04 3.8500E+00 0.0500
93 2.0242E+ 05 9.8700E+03 3.9000E+00 0.0500
94 1.9255E+05 9.3900E+03 3.9500E+00 0.0500
95 1.8316E+05 8.9400E+03 4.0000E+00 0.0500
96 1.7422E+05 8.4900E+03 4.0500E+00 0.0500
97 1.6573E+05 8.0900E+03 4.1000E+00 0.0500
98 1.5764E+05 7.6800E+03 4.1500E+00 0.0500
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TAB. 2.4 Continued

Neutron Group Energy Boundaries for the #NDF7QBOLIB Library.

Group Up per Energy Upper Lethargy
Energy [eV]  Width [eV] Lethargy Width

99 1.4996E+05 7.3200E+03 4.2000E+00 0.0500
100 1.4264E+05 6.9500E+03 4.2500E+00 0.0500
101 1.3569E+05 6.6200E+03 4.3000E+00 0.0500
102 1.2907E+05 6.3000E+03 4.3500E+00 0.0500
103 1.2277E+05 5.9800E+03 4.4000E+00 0.0500
104 1.1679E+05 5.7000E+03 4.4500E+00 0.0500
105 1.1109E+05 1.3053E+04 4.5000E+00 0.1250
106 9.8037E+04 1.1520E+04 4.6250E+00 0.1250
107 8.6517E+04 4.0140E+03 4.7500E+00 0.0475
108 8.2503E+04 3.0040E+03 4.7975E+00 0.0371
109 7.9499E+04 7.5010E+03 4.8346E+00 0.0991
110 7.1998E+04 4.6190E+03 4.9337E+00 0.0663
111 6.7379E+04 1.0817E+04 5.0000E+00 0.1750
112 5.6562E+04 4.0870E+03 5.1750E+00 0.0750
113 5.2475E+04 6.1660E+03 5.2500E+00 0.1250
114 4.6309E+04 5.4410E+03 5.3750E+00 0.1250
115 4.0 868E+04 6.5610E+03 5.5000E+00 0.1750
116 3.4307E+04 2.4790E+03 5.6750E+00 0.0750
117 3.1828E+04 3.3270E+03 5.7500E+00 0.1104
118 2.8501E+04 1.5010E+03 5.8604E+00 0.0541
119 2.7000E+04 9.4200E+02 5.9145E+00 0.0355
120 2.6058E+04 1.2700E+03 5.9500E+00 0.0500
121 2.4788E+04 6.1200E+02 6.0000E+00 0.0250
122 2.4176E+04 5 .9700E+02 6.0250E+00 0.0250
123 2.3579E+04 1.7040E+03 6.0500E+00 0.0750
124 2.1875E+04 2.5700E+03 6.1250E+00 0.1250
125 1.9305E+04 4.2710E+03 6.2500E+00 0.2500
126 1.5034E+04 3.3250E+03 6.5000E+00 0.2500
127 1.1709E+04 1.1140E+03 6.7500E+00 0.1000
128 1.0595E+04 1.4762E+03 6.8500E+00 0.1500
129 9.1188E+03 2.0171E+03 7.0000E+00 0.2500
130 7.1017E+03 1.5709E+03 7.2500E+00 0.2500
131 5.5308E+03 1.2234E+03 7.5000E+00 0.2500
132 4.3074E+03 6.0000E+02 7.7500E+00 0.1500
133 3.707 4E+03 3.5280E+02 7.9000E+00 0.1000
134 3.3546E+03 3.1920E+02 8.0000E+00 0.1000
135 3.0354E+03 2.8890E+02 8.1000E+00 0.1000
136 2.7465E+03 1.3390E+02 8.2000E+00 0.0500
137 2.6126E+03 1.2740E+02 8.2500E+00 0.0500
138 2.4852E+03 2.3650E+02 8.3000E+00 0.1000
139 2.2487E+03 2.1400E+02 8.4000E+00 0.1000
140 2.0347E+03 4.5 010E+02 8.5000E+00 0.2500
141 1.5846E+03 3.5050E+02 8.7500E+00 0.2500
142 1.2341E+03 2.7298E+02 9.0000E+00 0.2500
143 9.6112E+02 2.1260E+02 9.2500E+00 0.2500
144 7.4852E+02 1.6557E+02 9.5000E+00 0.2500
145 5.8295E+02 1.2895E+02 9.7500E+00 0.2500
146 4.5400E+02 1.0043E+02 1.0000E+01 0.2500
147 3.5357E+02 7.8210E+01 1 .0250E+01 0.2500
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TAB. 2.4 Continued

Neutron Group Energy Boundaries for the #NDF7QBOLIB Library.

Group Upper Energy Upper Lethargy
Energy [eV]  Width [eV] Lethargy Width
148 2.7536E+02 6.0910E+01 1.0500E+01 0.2500
149 2.1445E+02 4.7430E+01 1.0750E+01 0.2500
150 1.6702E+02 3.6950E+01 1.1000E+01 0.2500
151 1.3007E+02 2.8770E+01 1.1250E+01 0.2500
152 1.0130E+02 2.2407E+01 1.1500E+01 0.2500
153 7.8893E+01 1.7451E+01 1.1750E+01 0.2500
154 6.1442E+01 1.3591E+01 1.2000E+01 0.2500
155 4,7851E+01 1.0585E+01 1.2250E+01 0.2500
156 3.7266E+01 8.2430E+00 1.2500E+01 0.2500
157 2.9023E+01 6.4200E+00 1.2750E+01 0.2500
158 2.2603E+01 4.9990E+00 1.3000E+0 1 0.2500
159 1.7604E+01 3.8940E+00 1.3250E+01 0.2500
160 1.3710E+01 3.0330E+00 1.3500E+01 0.2500
161 1.0677E+01 2.3617E+00 1.3750E+01 0.2500
162 8.3153E+00 1.8393E+00 1.4000E+01 0.2500
163 6.4760E+00 1.4325E+00 1.4250E+01 0.2500
164 5.0435E+00 1.1156E+00 1.4500E+01 0.2500
165 3.9279E+00 8.6890E -01 1.4750E+01 0.2500
166 3.0590E+00 6.7660E -01 1.5000E+01 0.2500
167 2.3824E+00 5.2700E -01 1.5250E+01 0.2500
168 1.8554E+00 4.1040E -01 1.5500E+01 0.2500
169 1.4450E+00 1.4500E -01 1.5750E+01 0.1060
170 1.3000E+00 1.7470E -01 1.5856E+01 0.1440
171 1.1253E+00 4.5300E -02 1.6000E+01 0.0410
172 1.0800E+00 4.0000E -02 1.6041E+01 0.0380
173 1. 0400E+00 4.0000E -02 1.6079E+01 0.0390
174 1.0000E+00 1.2357E -01 1.6118E+01 0.1320
175 8.7643E -01 7.6430E -02 1.6250E+01 0.0910
176 8.0000E -01 1.1744E -01 1.6341E+01 0.1590
177 6.8256E -01 5.7500E -02 1.6500E+01 0.0880
178 6.2506E -01 9.3480E -02 1.6588E+01 0.1620
179 5.3158E -01 3.1580E -02 1.6750E+01 0.0610
180 5.0000E -01 8.6010E - 02 1.6811E+01 0.1890
181 4.1399E -01 4.7190E -02 1.7000E+01 0.1210
182 3.6680E -01 4.1800E -02 1.7121E+01 0.1210
183 3.2500E -01 5.0000E -02 1.7242E+01 0.1670
184 2.7500E -01 5.0000E -02 1.7409E+01 0.2010
185 2.2500E -01 4.1000E -02 1.7610E+01 0.2010
186 1.8400E -01 3.4000E -02 1.7811E+01 0.2040
187 1.5000E -01 2.5000E -02 1.8015E+01 0.1830
188 1.2500E -01 2.5000E -02 1.8198E+01 0.2230
189 1.0000E -01 3.0000E -02 1.8421E+01 0.3560
190 7.0000E -02 2.0000E -02 1.8777E+01 0.3370
191 5.00 00E- 02 1.0000E -02 1.9114E+01 0.2230
192 4.0000E -02 1.0000E -02 1.9337E+01 0.2880
193 3.0000E -02 9.0000E - 03 1.9625E+01 0.3560
194 2.1000E -02 6.5000E -03 1.9981E+01 0.3710
195 1.4500E -02 4.5000E -03 2.0352E+01 0.3710
196 1.0000E -02 5.0000E -03 2.0723E+01 0.6930
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TAB. 2.4 Continued

Neutron Group Energy Boundaries for the VNIBEF70.BOLIB Library.

Group Upper Energy Upper Lethargy
Energy [eV]  Width [eV] Lethargy Width
197 5.0000E -03 3.0000E -03 2.1416E+01 0.9170
198 2.0000E -03 1.5000E -03 2.2333 E+01 1.3860
199 5.0000E -04 4.9000E -04 2.3719E+01 3.9120
Lower Energy Lower Lethargy
1.0000E - 05 2.7631E+01




Lower Energy
1.0000E+03

Lower Lethargy
9.2103E+00
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TAB. 2.5
Photon Group Energy Boundaries the VITENDF7QBOLIB Library.
Group Upper Energy Upper Lethargy
Energy [eV]  Width [eV] Lethargy Width
1 3.0000E+07 1.0000E+07 - 1.0986E+00 0.4055
2 2.0000E+07 6.0000E+06 -6.9315E -01 0.3567
3 1.4000E+07 2.0000E+06 -3.3647E -01 0.1542
4 1.2000E+Q7 2.0000E+06 -1.8232E - 01 0.1823
5 1.0000E+07 2.0000E+06 0.0 000E+00 0.2231
6 8.0000E+06 5.0000E+05 2.2314E -01 0.0645
7 7.5000E+06 5.0000E+05 2.8768E -01 0.0690
8 7.0000E+06 5.0000E+05 3.5667E -01 0.0741
9 6.5000E+0 6 5.0000E+05 4.3078E -01 0.0800
10 6.0000E+06 5.0000E+05 5.1083E -01 0.0870
11 5.5000E+06 5.0000E+05 5.9784E -01 0.0953
12 5.0000E+06 5.0000E+05 6.9315E -01 0 .1054
13 4.5000E+06 5.0000E+05 7.9851E -01 0.1178
14  4.0000E+06 5.0000E+05 9.1629E -01 0.1335
15 3.5000E+06 5.0000E+05 1.0498E+00 0.1542
16 3.0000E+06 5.0000E +05 1.2040E+00 0.1823
17 2.5000E+06 5.0000E+05 1.3863E+00 0.2231
18 2.0000E+06 3.4000E+05 1.6094E+00 0.1863
19 1.6600E+06 1.6000E+05 1.7958E+00 0.1014
20 1.5000E+06 1.6000E+05 1.8971E+00 0.1128
21 1.3400E+06 1.0000E+04 2.0099E+00 0.0075
22 1.3300E+06 3.3000E+05 2.0174E+00 0.2852
23 1.0000E+06 2.0000E+05 2.302 6E+00 0.2231
24 8.0000E+05 1.0000E+05 2.5257E+00 0.1335
25 7.0000E+05 1.0000E+05 2.6593E+00 0.1542
26 6.0000E+05 8.8000E+04 2.8134E+00 0.1586
27 5.1200E+05 2.0000E+03 2.9720E+00 0.0039
28 5.1000E+05 6.0000E+04 2.9759E+00 0.1252
29 4.5000E+05 5.0000E+04 3.1011E+00 0.1178
30 4.0000E+05 1.0000E+05 3.2189E+00 0.2 877
31 3.0000E+05 1.0000E+05 3.5066E+00 0.4055
32 2.0000E+05 5.0000E+04 3.9120E+00 0.2877
33 1.5000E+05 5.0000E+04 4.1997E+00 0.4055
34 1.0000E+05 2.5000E+0 4 4.6052E+00 0.2877
35 7.5000E+04 5.0000E+03 4.8929E+00 0.0690
36 7.0000E+04 1.0000E+04 4.9618E+00 0.1542
37 6.0000E+04 1.5000E+04 5.1160E+00 0.2877
38 4.5000E+04 5.0000E+03 5.4037E+00 0.1178
39 4.0000E+04 1.0000E+04 5.5215E+00 0.2877
40 3.0000E+04 1.0000E+04 5.8091E+00 0.4055
41 2.0000E+04 1.0000E+04 6.2146E +00 0.6931
42 1.0000E+04 9.0000E+03 6.9078E+00 2.3026
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TAB. 2.6
VITENDF70.BOLIB Library Thermal Neubn Energy Range.
Group Upper Lethargy Group Upper Lethargy
Energy [eV] Width Energy [eV] Width
164 5.04350 0.250 182 0.36680 0.121
165 3.92790 0.250 183 0.32500 0.167
166 3.05900 0.250 184 0.27500 0.201
167 2.38240 0.250 185 0.22500 0.201
168 1.85540 0.250 186 0.18400 0.204
169 1.44500 0.106 187 0.15000 0.183
170 1.30000 0.144 188 0.12500 0.223
171 1.12530 0.041 189 0.10000 0.356
172 1.08000 0.038 190 0.07000 0.337
173 1.04000 0.039 191 0.05000 0.223
174 1.00000 0.132 192 0.04000 0.288
175 0.87643 0.09 1 193 0.03000 0.356
176 0.80000 0.159 194 0.02100 0.371
177 0.68256 0.088 195 0.01450 0.371
178 0.62506 0.162 196 0.01000 0.693
179 0.53158 0.061 197 0.00500 0.917
180 0.50000 0.189 198 0.00200 1.386
181 0.41399 0.121 199 0.00050 3.912

Lower Energy

0.00001
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2.4- Weighting Function

The neutron and photon weighgi functions used to produce the VITENDF70.BOLE

library cross sections are the same as those employed in the generation of the VABAMIN

/8/ cross sections.

The neutron weighting function is of the form typically chosen for fission reactor shielding
problems, i.e. it consists of a smoothly varying combination of a Maxwellian thermal
spectr um, a fission spectrum, and a Al / EO0O s
IWT=4 option in the GROUPR module of the NJOY//$ystem. The breakpoint energfes

the 3region spectrum are similar to those used in VITAMINGY. The breakpoint energy
between the Maxwellian and I/E shapes is 0.125 eV. The fission temperature has been
adjusted to better reflect the neutron spectrum in a thermal re@ctat.73 MeV). The use

of a large number of energy groups should make the exact functional form and energy break
points less important compared to generating a bgoadp library directly from ENDF/B

data. The functional form of the weighting spectrum is giwethb following:

Functional Form Energy Limits Groups

1. Maxwellian Thermal Spectrum (kT = 0.025 eV)

-E/KT

W;(E) = GE€ 1.0E5eV1t00.125eV 188199

2.l / EO0 -Bdwo Spectrgn
W, (E) = GJ/E 0.125 eV to 820.8 keV 67-187

3. Fission Spectrumd(= 1.273 MeV)

Ws(E) = GEY? &P 820.8 keV to 20 MeV 1-66

A continuous weighting spectrum is achieved with the following constants:9298.4 e\'/z,

C,=1.0 and G= 2.5625 MeV">. The neutron weighting function is shownRiG. 2.1 and
listed in TAB. 2.7 in a 199 group representation.

The photon weighting spectr unofcfoinsdfsttsheo fs pae
lower energies to represent photoelectric absorption and a similapfiropthe spectrum at

higher energies corresponding to thev&ue for neutron capture. This corresponds to the
IWT=3 input option in the GAMINR module of the NJOY system. ®tonweighting

function is shown in FIG. 2.2 and listed in TAB. 2.8 in a 42 group representation.
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TAB. 2.7

Neutron Energy Weighting Spectrum for the VITENDF70.BOLIB Library.

Group Weight

Group Weight

Group Weight

O©CoO~NOOOUITA,WNPE

ORDPBRARAADRADNRNRNWWWWWWWWWWRNNNNNNNNNNRPERPREPRRERRERRPR
COPMVNOITRWNROONINONARONROOODONONRWNRPOOONOUORNWNRO

1.423E -05
6.578E -06
8.861E -06
2733E -05
4690E -05
3.419E -05
4380E -05
5590E -05
7.036E -05
1.991E -04
1.368E -04
1.684E -04
4576E  -04
6.684E -04
9.574E -04
1.342E -03
1.843E -03
2482E -03
3.285E  -03
4272E -03
5.465E -03
6.882E -03
8.540E -03
1.045E -02
3.951E -03
8.659E -03
1503E -02
1.769E  -02
2.058E -02
2.368E -02
2.697E -02
3.041E -02
3.397E  -02

7.885E - 02
9.338E -02
1.073E -01
5.848E -02
6.148E -02
6.413E -02
6.666E  -02
6.879E  -02
7.065E -02
4797E  -02
1.216E -02
1.212E -02
2439E -02
4909E -02
7.4  40E-02
7.503E -02
7.539E -02

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

7.543E - 02
7.516E - 02
7.461E - 02
7.389E - 02
7.295E - 02
7.181E - 02
7.031E - 02
6.888E - 02
6.723E - 02
6.552E - 02
6.354E - 02
1.211E -01
4.809E - 02
6.474E - 02
5.321E - 02
5.108E - 02
5.000E - 02
5.000E - 02
5.001E - 02
4.999E - 02
5.001E - 02
5.000E - 02
5.000E - 02
5.000E - 02
4.999E - 02
5.001E - 02
1.000E -01
1.000E -01
5.000E - 02
5.000E - 02
1.000E -01
1.000E -01
1.159E - 02
4.297E -03
9.092E -03
2.499E - 02
5.000E - 02
9.999E - 02
5.001E - 02
5.000E - 02

5.000E - 02
5.001E - 02
4.999E - 02
5.000E - 02
5.004E - 02
4.996E - 02
5.005E - 02
4.995E -02
5.004E -02
4.995E -02

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

5.002E -02
5.004E -02
4.994E -02
5.004E -02
1 .250E-01
1.250E -01
4.751E -02
3.709E -02
9.911E -02
6.631E -02
1.750E -01
7.500E -02
1.250E -01
1.250E -01
1.750E -01
7.500E -02
1.104E -01
5.410E -02
3.551 E- 02
4.997E -02
2.500E -02
2.500E -02
7.501E -02
1.250E -01
2.501E -01
2.500E -01
9.998E -02
1.500E -01
2.500E -01
2.500E -01
2.500E -01
1.500E -01
1.000E -01
9.999E -02
1.000E -01
4.998E -02
4.999E -02
1.000E -01
1.000E -01
2.500E -01
2.500E -01
2.500E -01
2.500E -01
2.500E -01
2.500E -01
2.500E -01
2.500E -01
2500E -01
2.500E -01
2.500E -01
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TAB. 2.7 Continued

Neutron Energy Weighting Spectrum for the VITENDF70.BOLIB Library.

Group Weight

Group Weight

Group Weight

151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167

2.500E -01
2.500E -01
2.500E -01
2.500E -01
2.500E -01
2.500E -01
2.500E -01
2.500E -01
2.500E -01
2.500E -01
2.500E -01
2.500E -01
2.500E -01
2.500E -01
2.500E -01
2.500E -01

2.500E - 01

168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184

2.500E -01
1.057E -01
1.443E -01
4.109E - 02
3.774E - 02
3.922E - 02
1.319E -01
9.125E - 02
1.588E -01
8.800E - 02
1.620E -01
6.125E - 02
1.888E -01

1.210E - 01
1.210E -01
1.671E -01
2.007E -01

185
186
187
188
189
190
191
192
193
194
195
196
197
198
199

2.012E -01
2.043E -01
1.823E -01
3.037E -01
8.282E -01
1.038E+00
7.060E -01
8.174E -01
7.820E -01
5.360E -01
3.194E - 01
2.614E -01
8.601E -02
1.684E -02
1.171E -03
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TAB. 2.8

Photon Energy Weighting Spectrum for the VITENDF70.BOLIB Library.

Group Weight

Group Weight

Group Weight

O©CoO~NOOOUITA,WNPE

PR R R
AWNRO

2.498E+03
7.298E+03
6.824E+03
1.387E+04
2.232E+04
6.455E+03
6.901E+03
7.413E+03
8.006E+03
8.703E+03
9.534E+03
1.054E+04
1.178E+0

1.336E+04

15
16
17
18
19
20
21
22
23
24
25
26
27
28

1.542E+04
1.824E+04
2.232E+04
1.864E+04
1.014E+04
1.128E+04
7.491E+02
2.852E+04
2.232E+04
1.335E+04
1.542E+04
1.586E+04
3.914E+02
1.252E+04

29
30
31
32
33
34
35
36
37
38
39
40
41
42

1.178E+04
2.877E+04
4.055E+04
2.877TE+04
4.055E+04
1.927E+04
2.629E+03
4.233E+03
4.163E+03
9.042E+02
1.233E+03
6.333E+02
2.333E+02
3.330E+01
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2.5- Legendre Order of Scattering

The order of scattering used for both neutrons and photong, irPnuclides with Z=|

through Z=29 (copper) ands For the remainder of the nuclides. In particular, the previous

values corresponding o -maxathe maximunorder of the Legendre polynomial sjP

expansion of the scattering cross section matrix, available for each nuclide of the ébzary,

listed in TAB. 2.2.

Most calculations are likely to be done with deattering, but for some prigms, e.g., when

single scatter events dominate, higher orders may be required as stated in the VIBAMIN

18/ Il i brary wusero6s manual . For t he
neutrons and photons was adopted in the generation of MHEAMIN -B6,

VITENDF70.BOLIB /5/, VITJEFF311.BOLIB /31/, MATJEFF31.BOLIB /43/,
VITIEFF31.BOLIB /44/, MATJEF22.BOLIB /47/ andITJEF22.BOLIB /8/ cross sections.

2.6- Convergence Parameters

same

The following numerical values of the fractional error toleranaese chosen as input
parameters in NJOY 7L to generate the libraries VITENDF70.BOLIB/S/,
VITIEFF311.BOLIB B1/, MATJEFF31.BOLIB /43/ and/ITJEFF31.BOLIB A4/: 0.1% for
resolved resonance reconstruction and for linearization in RECONR and 0.1% farghmn
BROADR. These data have reduced numerical values with respect to the 0.2% corresponding
error tolerance values used to generate VITANBGI /8/, MATJEF22.BOLIB /4/ and

VITJEF22.BOLIB /8/, chosen on the basis of the ORNL experience with the VITAMIN

libraries and the experience of the NJOY users.

2.7- Processing Codes and Procedures

The NJOY¥99.259 /T/ nuclear data processing system and the EfBBgna 2007 Revision
/19/ of the SCAMPI /8/ nuclear data processing system were used on a Persanpuo

(CPU INTEL Pentium IIl, 448 MB of RAM; FSIg77 version 0.5.26 FORTRAN compiler for

nucl

NJOY and f77 Absoft version 5.0 FORTRAN 77 compiler for SCAMPI) with the Linux Red
Hat 7.1 operating system to generate the VITENDF70.BOMEBlibrary. The following
modules of NJOY were used to process neutron interactial, frinotonproduction (ry) and
photon interaction {-y) data into the GENDF format, from the ENDFHBI.O incident
neutron and photatomic data in END# /56/ format. Specifically, the MODER, RCONR,
BROADR, THERMR, HEATR, GASPR, PURR, GROUPR modules were used for the

incident neutron data while the MODER, RECONR and GAMINR modules were used for the

photoatomic data. Then the ENEBologna revised version of the SMILER module,
contained in the EEA-Bologna 2007 Revision of SCAMPI, was used to translate the fine
library format of

group data from the GENDF format into the AMPX master

VITENDF70.BOLIB. The RADE module of SCAMPI was used to check and screen the data
for i nternal cposi stency handlafisariatl ues
bounds. Then the module AIM of SCAMPI was used to convert the master cross section
libraries for the standard and bound nucbdess section fileBom binary to BCD format.

A brief description othe function of the NJOY and SCAMPI modules is presented in TAB.

ar e

2.9. A schematic diagram illustrating the VITENDF70.BOLIB processing procedure to
produce the standard nuclide cross section files is given in FIG. 2.3, while the procedure to

produce the bawd nuclide cross section files is reported in FIG. 2.4.
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TAB. 2.9

Modules from the NJO¥9.259 and SCAMPI

Nuclear Data Processing Systems Used to Process VITENDF70.BOLIB.

NJOY-99.259 System

Module Function

MODER Converts between ENDF/B standard coded mode and the NJOY blocked
binary mode.

RECONR Reconstructs poiavise cross sections froBNDF/B resonance parameters
and interpolation schemes.

BROADR Dopplerbroadens and thins pointise cross sections.

THERMR Produces cross sections and endoggnergy matrices for free or bound
scatterers in the thermal energy range.

HEATR Generates heat production cross sections (KERMA factors) and damage
energy production.

GASPR Computes gasrpduction cross sections.

PURR Computes probability tables and effective peoiwise selfshielded cross
sections in the unresolved energy range.

GROUPR Generates seBhielded multigroup cross sections and gretgpgroup
scattering and photon productioratrices in GENDF format.

GAMINR Computes multgroup photeatomic cross sections, KERMA factors, greup

to-group photon scattering matrices.

SCAMPI System (ENEABologna 2007 Revision)

Module Function

SMILER Translates GENDF files produced by NJOY into AMPX master interface
format.

RADE Performs sanity and consistency tests on agutiup libraries.

AIM Converts master cross section libraries from binary format to BCD (ofr vice

versa.
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FIG. 2.3 Procedure for Generating ME@ENDF70.BOLIB Library in AMPX Format

from ENDF/B-VII.0.
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Incident Netron Data
BCD

NJOY-99259

BROADR

A 4

THERMR

PENDF
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GENDF
Group Data
n-n, ny

A\ 4
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VITENDF7QBOLIB
AMPX Coupled
Master Library
(199 n +42)
BCD

ENDF/B-VII.O
PhoteAtomic Data
BCD

PENDF
Point Data

GENDF
Group Data

1Y

SCAMPI

_________________________________

AMPX Coupled
Master Library

n-n, nky, v-y
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FIG. 2.4 Procedure for Generating the VITENDF70.BOLI@Bd Nuclides in AMPX Format
from ENDF/B-VII.O.

ENDF/B-VII.O
Thermal Neutror
Scattering Data
BCD

ENDF/B-VII.O
Incident Neutron Dat:
BCD
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E \ 4 A\ 4 i
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g THERMR |« v |
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! v |
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Point Data
E i \ 4
| v ! GENDF GENDF
GROUPR L > Group Data Group Data
n-n, ney Ty
L ““““““;; ---------------

SMILER

(28 + 1)

v
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Master Library
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2.8- Response Functions

At present only the following Aresponseo
VITENDF70.BOLIB /5/ library packag: neutron and photon group energy boundaries,
neutron and photon group energy widths, neutron and photon group lethargy boundaries,
neutron and photon group lethargy widths, total (prompt + delayed) neutron fission spectra
(y) for the U235, U238 and P+239 nuclides.

The total neutron fission specirg were obtained through the ENERologna 2007 Revision

/19/ of the SCAMPI /8/ system which allows processing of delayed neutron spectra. In
particular the BONAMI and NITAWL modules were firstly used to gate an AMPX
working file for each fissile nuclide, containing infinitely dilute cross sections (background
cross sectiowy = 1.0E+10 barns) at the temperature of 30Then the finegroupy-vectors

were calculated by the ICE module with the KOPT=4diamp{nuclidedependent spectrum
option) in the 1$$ array, i.e. using the neutron flux spectrum derived from the weighting
functions corresponding to the IWT=4 option in GROUPR (see 2.4), always provided in each
nuclide data file of an AMPX working library.

Then the normalization of the total neutron fission spegfrao(one neutron per fission was
performed since the ICE module with the KOPT=4 option does not ensure a proper
normalization (see 8I).

The resulting total neutron fission spectra for th&33, U-238 and P«239 nuclides are
reported in TAB. 2.10.

A 199 group representation of the2a35, U238 and P39 total neutron fission spectra are
shown in FIG. 2.5.

f

u
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TAB. 2.10

VITENDF70.BOLIB Library Total Neutron Fission Spectra for235, U238 and B-239.

Group Upper U - 235 U - 238 Pu - 239
Energy [eV] G G G

1 1.9640E+07 4.48487E - 06 3.96812E - 06 8.08940E - 06

2 1.7332E+07 1.78036E - 06 1.61066E - 06 3.04165E -06

3 1.6905E+07 2.53075E - 06 2.20345E - 06 4.24039E - 06

4 1.6487E+07 7.81808E - 06 6.95344E -06 1.28221E -05

5 1.5683E+07 1.38041E -05 1.22533E -05 2.20075E -05

6 1.4918E+07 1.04142E -05 9.08987E - 06 1.62518E -05

7 1.45 50E+07 1.34914E -05 1.17857E -05 2.07938E -05

8 1.4191E+07 1.67525E -05 1.52045E -05 2.55743E -05

9 1.3840E+07 2.22662E -05 1.93326E -05 3.34426E -05
10 1.3499E+07 6.20470E -05 5.55362E - 05 9.17669E -05
11 1.2840E+07 4.44299E -05 3.86555E -05 6.44415E -05
12 1.2523E+07 5.48109E -05 4.79983E -05 7.86931E -05
13 1.2214E+07 1.47656E -04 1.32016E -04 2.08738 E- 04
14 1.1618E+07 2.20844E -04 1.95609E -04 3.05587E -04
15 1.1052E+07 3.19935E -04 2.83836E -04 4.33535E -04
16 1.0513E+07 4.49962E -04 4.02938E -04 5.98666E -04
17 1.0000E+07 5.99349E - 04 5.58856E -04 7.85270E -04
18 9.5123E+06 8.15877E -04 7.61601E -04 1.04929E -03
19 9.0484E+06 1.09028E -03 1.01902E -03 1.37736E -03
20 8.6071E+06 1.43116E -03 1.339 46E- 03 1.77749E -03
21 8.1873E+06 1.84627E -03 1.73067E -03 2.25656E -03
22 7.7880E+06 2.34208E -03 2.19927E -03 2.82002E -03
23 7.4082E+06 2.92318E -03 2.75017E -03 3.47132E -03
24 7.0469E+06 3.59131E -03 3.38571E -03 4.21079E -03
25 6.7032E+06 1.36042E -03 1.28433E -03 1.58274E -03
26 6.5924E+06 2.98418E -03 2.82034E -03 3.45219E -03
27 6.3763E+06 5.1 8167E- 03 4.90604E -03 5.94099E -03
28 6.0653E+06 6.09432E -03 5.78236E -03 6.91861E -03
29 5.7695E+06 7.07797E -03 6.72959E -03 7.96166E -03
30 5.4881E+06 8.12031E -03 7.73577E -03 9.05525E - 03
31 5.2205E+06 9.21823E -03 8.79774E -03 1.01951E -02
32 4.9659E+06 1.03591E -02 9.90336E -03 1.13661E -02
33 4.7237E+06 1.15317E -02 1.10417E -02 1.25555E -02
34 4.4933E+06 2.66534E -02 2.55783E -02 2.86918E -02
35 4.0657E+06 3.14418E -02 3.02593E -02 3.33648E -02
36 3.6788E+06 3.60420E -02 3.47873E -02 3.77335E -02
37 3.3287E+06 1.96141E -02 1.89743E - 02 2.03429E -02
38 3.1664E+06 2.06016E -02 1.99625E -02 2.12414E -02
39 3.0119E+06 2.14605E -02 2.08363E -02 2.20036E -02
40 2.8651E+06 2.22674E -02 2.16613E -02 2.2 7134E- 02
41 2.7253E+06 2.29212E -02 2.23406E -02 2.32705E -02
42 2.5924E+06 2.34670E -02 2.29205E -02 2.37220E -02
43 2.4660E+06 1.58833E -02 1.55410E -02 1.60031E -02
44 2.3852E+ 06 4.01958E -03 3.93646E -03 4.04369E -03
45 2.3653E+06 4.00129E -03 3.92024E -03 4.02276E -03
46 2.3457E+06 8.04429E -03 7.88599E -03 8.08050E -03
47 2.3069E+06 1.61487E -02 1 .58471E - 02 1.61953E -02
48 2.2313E+06 2.43563E -02 2.39476E -02 2.43645E -02
49 2.1225E+06 2.44031E -02 2.40480E -02 2.43438E -02
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TAB. 2.10 Continued

VITENDF70.BOLIB Library Total Neutron Fission Specti@ U-235, U238 and P+239.

Group Upper U - 235 U - 238 Pu - 239
Energy [eV] G G G
50 2.0190E+06 2.43446E -02 2.40485E -02 2.42247E -02
51 1.9205E+06 2.41644E -02 2.39299E -02 2.39929E -02
52 1.8268E+06 2.38759E -02 2.36894E -02 2.36599E -02
53 1.7377E+06 2.34973E -02 2.33656E -02 2.32394E -02
54 1.6530E+06 2.30653E - 02 2.29788E -02 2.27713E -02
55 1.5724E+06 2.25743E -02 2.25411E -02 2.22444E -02
56 1.4957E+06 2.20394E -02 2.20779E -02 2.16740E -02
57 1.4227E+06 2.14035E -02 2.14608E -02 2.10102E -02
58 1.3534E+06 2.07889E -02 2.08802E -02 2.03799E -02
59 1.2874E+06 2.01424E -02 2.02639E -02 1.97095E -02
60 1.2246E+06 1.95105E -02 1.96781E -02 1.90497E -02
61 1.1648E+06 1.88028E -02 1.89854E -02 1.83262E -02
62 1.1080E+06 3.54943E -02 3.59530E -02 3.45146E -02
63 1.0026E+06 1.39988E -02 1.42192E -02 1.35762E -02
64 9.6164E+05 1.87557 E- 02 1.90732E -02 1.81574E -02
65 9.0718E+05 1.53248E -02 1.55992E -02 1.48163E -02
66 8.6294E+05 1.46545E -02 1.49572E -02 1.41468E -02
67 8.2085E+05 1.39821E -02 1.42882E -02 1.34708E - 02
68 7.8082E+05 1.33466E -02 1.36751E -02 1.28294E -02
69 7.4274E+05 1.27009E -02 1.30335E -02 1.21924E -02
70 7.0651E+05 1.20706E -02 1.24073E -02 1.15671E -02
71 6.72 06E+05 1.14668E -02 1.18034E -02 1.09706E -02
72 6.3928E+05 1.08914E -02 1.12478E -02 1.03949E -02
73 6.0810E+05 1.03235E -02 1.06967E -02 9.84075E -03
74 5.7844E+05 9.76520E -03 1.01484E - 02 9.29471E -03
75 5.5023E+05 9.22553E -03 9.60066E -03 8.76171E -03
76 5.2340E+05 8.72337E -03 9.11924E -03 8.26667E -03
77 4.9787E+05 1.59481E -02 1.67150E -02 1.50931 E- 02
78 4.5049E+05 1.40613E -02 1.47590E -02 1.32947E -02
79 4.0762E+05 6.40656E -03 6.74257E -03 6.04067E -03
80 3.8774E+05 6.02002E -03 6.35863E -03 5.66889E -03
81 3.6883E+05 1.08842E - 02 1.15143E -02 1.02493E -02
82 3.3373E+05 9.52454E -03 1.00995E -02 8.95953E -03
83 3.0197E+05 1.02262E -03 1.08605E -03 9.61614E -04
84 2.9849E+05 3.75182E -04 3.987 18E- 04 3.52722E -04
85 2.9721E+05 7.86566E -04 8.36010E -04 7.39444E -04
86 2.9452E+05 2.11344E -03 2.24788E -03 1.98634E -03
87 2.8725E+05 4.02252E -03 4.28495E -03 3.77777E -03
88 2.7324E+05 7.26811E -03 7.74599E -03 6.82012E -03
89 2.4724E+05 3.27331E -03 3.49017E -03 3.06853E -03
90 2.3518E+05 3.05036E -03 3.25667E -03 2.85961E -03
91 2.2371E+05 2.8 4389E- 03 3.03769E -03 2.66514E -03
92 2.1280E+05 2.64960E -03 2.83138E -03 2.48324E -03
93 2.0242E+05 2.46704E -03 2.64182E -03 2.31239E -03
94 1.9255E+05 2.30370E -03 2.47644E -03 2.15560E - 03
95 1.8316E+05 2.15113E -03 2.31750E -03 2.00998E -03
96 1.7422E+05 2.00153E -03 2.15774E -03 1.86855E -03
97 1.6573E+05 1.86740E -03 2.01254E -03 1.74253E -03
98 1.5764E+05 1.73463E -03 1.86757E -03 1.61862E -03
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TAB. 2.10 Continued

VITENDF70.BOLIB Library Total Neutron Fission Spectra for235, U238 and P+239.

Group Upper U - 235 U - 238 Pu - 239
Energy [eV] G G G

99 1.4996E+05 1.61776E -03 1.74049E -03 1.50952E -03
100 1.4264E+05 1.50372E -03 1.61996E -03 1.40221E -03
101 1.3569E+05 1.40184E -03 1.51244E -03 1.30638E - 03
102 1.2907E+05 1.30530E -03 1.41228E -03 1.21556E -03
103 1.2277E+05 1.21089E -03 1.31028E -03 1.12779E -03
104 1.1679E+05 1.12782E -03 1.22064E -03 1.05046E -03
105 1.11 09E+05 2.48174E -03 2.68071E -03 2.31195E -03
106 9.8037E+04 2.07246E -03 2.24412E -03 1.92774E -03
107 8.6517E+04 6.93576E -04 7.53783E -04 6.44999E -04
108 8.2503E+04 5.09006E -04 5.53796E - 04 4.73142E -04
109 7.9499E+04 1.23035E -03 1.34208E -03 1.14311E -03
110 7.1998E+04 7.27543E -04 7.87821E -04 6.76125E -04
111 6.7379E+04 1.60973E -03 1.73204E -03 1.49606 E- 03
112 5.6562E+04 5.72664E -04 6.15820E -04 5.31977E -04
113 5.2475E+04 8.24983E -04 8.91338E -04 7.65589E -04
114 4.6309E+04 6.86850E -04 7.45611E -04 6.36411E -04
115 4.0868E+04 7.71330E - 04 8.38078E -04 7.14334E -04
116 3.4307E+04 2.74573E -04 2.99190E -04 2.53852E -04
117 3.1828E+04 3.54298E -04 3.87604E -04 3.26313E -04
118 2.8501E+04 1.54479E -04 1.697 22E- 04 1.41650E -04
119 2.7000E+04 9.49637E -05 1.04482E -04 8.69987E -05
120 2.6058E+04 1.25548E -04 1.38323E -04 1.14918E -04
121 2.4788E+04 5.94622E -05 6.55945E -05 5.43843E -05
122 2.4176E+04 5.73442E -05 6.33113E -05 5.24194E -05
123 2.3579E+04 1.60003E -04 1.76954E -04 1.46105E -04
124 2.1875E+04 2.31266E -04 2.57489E -04 2.10222E -04
125 1.9305E+04 3.5 6542E- 04 4.03479E -04 3.20453E -04
126 1.5034E+04 2.48177E -04 2.84193E -04 2.21343E -04
127 1.1709E+04 7.67522E -05 8.87156E -05 6.80352E -05
128 1.0595E+04 9.28095E -05 1.04500E -04 8.39487E - 05
129 9.1188E+03 1.12799E -04 1.24855E -04 1.03421E -04
130 7.1017E+03 7.82429E -05 8.75073E -05 7.13475E -05
131 5.5308E+03 5.43256E -05 6.14618E -05 4.92361E -05
132 4.3074E+03 2.42788E -05 2.77521E -05 2.18829E -05
133 3.7074E+03 1.34838E -05 1.55175E -05 1.21085E -05
134 3.3546E+03 1.16632E - 05 1.34976E -05 1.04417E -05
135 3.0354E+03 1.00942E -05 1.17498E - 05 9.00811E -06
136 2.7465E+03 4.52318E -06 5.28900E - 06 4.02638E -06
137 2.6126E+03 4.20916E - 06 4.93689E - 06 3.74048E -06
138 2.4852E+03 7.56126E - 06 8.90970E - 06 6.7 0189E- 06
139 2.2487E+03 6.54719E - 06 7.76442E -06 5.78204E -06
140 2.0347E+03 1.27876E -05 1.53378E -05 1.12198E -05
141 1.5846E+03 8.94093E -06 1.09171E -05 7.76302E -06
142 1.2341E+ 03 6.26443E - 06 7.79748E - 06 5.37656E -06
143 9.6112E+02 4.39888E - 06 5.58861E - 06 3.72765E -06
144 7.4852E+02 3.09549E - 06 4.01912E - 06 2.58669E -06
145 5.8295E+02 2.18380E -06 2 .90106E - 06 1.79711E -06
146 4.5400E+02 1.54473E -06 2.10179E -06 1.25015E -06
147 3.5357E+02 1.09569E - 06 1.52832E - 06 8.70805E -07
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TAB. 2.10 Continued

VITENDF70.BOLIB Library Total Neutron Fission Specti@ U-235, U238 and P+239.

Group Upper U - 235 U - 238 Pu - 239
Energy [eV] G G G
148 2.7536E+02 7.79591E -07 1.11567E -06 6.07561E -07
149 2.1445E+02 5.56391E - 07 8.17495E - 07 4.24569E - 07
150 1.6702E+02 3.98609E - 07 6.01613E - 07 2.97383E - 07
151 1.3007E+02 2.86418E -07 4.44212E - 07 2.08611E - 07
152 1.0130E+02 2.06642E - 07 3.29365E -07 1.46736E - 07
153 7.8893E+01 1.49629E -07 2.45099E - 07 1.03450E - 07
154 6.1442E+01 1.08761E - 07 1.83045E - 07 7.31235E -08
155 4.7851E+01 7.93633E -08 1.37177E - 07 5.18335E -08
156 3.7266E+01 5.81324E -08 1.03129E -07 3.68484E -08
157 2.9023E+01 4.27526E -08 7.77828E -08 2.62821E -08
158 2.2603E+01 3.15557E -08 5.88235E -08 1.88039E -08
159 1.7604E+01 2.33884E -08 4.46235E -08 1.35056E -08
160 1.3710E+01 1.73974E -08 3.39341E -08 9.73426E -09
161 1.0677E+01 1.28576E -08 2.57326E -08 6.91964E -09
162 8.3153E+00 9.32006 E- 09 1.93467E -08 4.72477E -09
163 6.4760E+00 6.82789E -09 1.46367E -08 3.26711E -09
164 5.0435E+00 5.05610E -09 1.11373E -08 2.29406E -09
165 3.9279E+00 3.77951E -09 8.51593E -09 1.63493E - 09
166 3.0590E+00 2.84692E -09 6.53510E -09 1.18103E -09
167 2.3824E+00 2.15915E -09 5.03183E -09 8.64046E -10
168 1.8554E+00 1.64607E -09 3.88314E -09 6.39000E -10
169 1.44 50E+00 5.74175E -10 1.36455E -09 2.18677E -10
170 1.3000E+00 6.86647E -10 1.63892E -09 2.58550E -10
171 1.1253E+00 1.77133E - 10 4.23951E - 10 6.61649E -11
172 1.0800E+00 1.56095E - 10 3.74040E - 10 5.81233E -11
173 1.0400E+00 1.55801E -10 3.73750E - 10 5.78416E -11
174 1.0000E+00 4.79449E -10 1.15297E -09 1.76907E -10
175 8.7643E -01 2.95142E -10 7.11677E -10 1.08074 E- 10
176 8.0000E -01 451413E -10 1.09150E -09 1.64059E -10
177 6.8256E -01 2.20092E -10 5.33446E -10 7.94394E -11
178 6.2506E -01 3.56516E -10 8.65988E -10 1.27905E -10
179 5.3158E -01 1.20077E - 10 2.92169E -10 4.28619E -11
180 5.0000E -01 3.26108E -10 7.94870E -10 1.15846E -10
181 4.1399E -01 1.78344E - 10 4.35521E -10 6.30065E -11
182 3.6680E -01 1.57631E - 10 3.854 41E- 10 5.54824E -11
183 3.2500E -01 1.88132E -10 4.60640E -10 6.59624E -11
184 2.7500E -01 1.87673E -10 4.60189E -10 6.55222E -11
185 2.2500E -01 1.53549E -10 3.76999E -10 5.33996E -11
186 1.8400E -01 1.27099E - 10 3.12384E - 10 4.40581E -11
187 1.5000E -01 9.33193E -11 2.29148E -10 3.22658E -11
188 1.2500E -01 9.32044E -11 2.29009E -10 3.21557E -11
189 1.0000E -01 1.1 1694E- 10 2.74792E -10 3.84416E -11
190 7.0000E -02 7.43700E -11 1.83174E -10 2.55395E -11
191 5.0000E -02 3.71573E -11 9.15869E -11 1.27432E -11
192 4.0000E -02 3.71390E -11 9.15868E -11 1.27257E - 11
193 3.0000E -02 3.34095E -11 8.24281E -11 1.14381E -11
194 2.1000E -02 2.41198E -11 5.95314E -11 8.25198E -12
195 1.4500E -02 1.66938E -11 4.12140E -11 5.70857E -12
196 1.0000E - 02 1.85443E -11 4.57934E -11 6.33868E -12
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TAB. 2.10 Continued

VITENDF70.BOLIB Library Total Neutron Fission Spectra for235, U238 and P+239.

Group Upper U - 235 U - 238 Pu - 239
Energy [eV] G G G
197 5.0000E -03 1.11244E -11 2.74760E -11 3.80110E -12
198 2.0000E -03 5.56158E -12 1.37380E -11 1.89996E -12
199 5.0000E -04 1.85377E -12 4.57934E -12 6.33231E - 13

Lower Energy
1.0000E - 05




di

Pag.

51 215

Distrib.

L

Rev.

Sigla di identificazione

UTFISSM-P9H6-008| O

EINEN.  centro Ricerche Bologna

8

uoissiH Jad uonnaN T opazijewloN pusalfiiaug uoinaN UapIoU| u@abelany enoads

‘Areiqi g11090.4ANALIA uPapN[oU| S3|l4 Passad0ld 6E3 pPue 8EZN ‘GEZN Y}
10} wnuoadgioissiq4 uonnaNpakeaq + 1dwold) [elol ay jaionejuasaldeaxdnolo 66T G2 ‘Ol

o1

of ,00 0 0l

[A2] ASioug uomnan

01

01

I

-____._._.-.-I_IT._._.-.-JI-IH___.-.-.. T 1.-.-:.

1_._._..-.

T._._....

or I .01 .0l _OI
!—.—-—I—I!..—.—-—I-Iaﬂ..—.—-—l—l!.:. | ALLLELELEN LLLLR

01

.

01

9-

O’ IIA-d/ddNH 6¢£¢-d —

O TIA-d/ddNHA 8¢¢-N
O TIA-d/ddNA S€¢C-

01

01-

ASreyjaT mun 1ad suonnaN



Sigla di identificazione Rev. | Distrib. Pag. di
EINEL. Centro Ricerche Bologna  |uTFISSM-POH6-008| 0 L |52 215

2.9- Library Validation

The VITENDF70.BOLIB/5/ library was extensively tested on about 80, thermal, intermediate
and fast neutron spectrum criticality safegnbhmark experiments, taking the compositional
and geometrical data for the transport calculations exclusively from the ICSBEP handbook
(2004 Edition) /62/ of benchmark specifications.

The keffective (kf) results obtained with the VITENDF70.BOLIB libsawere compared

with the results previously obtained in ENB®dlogna with the VITIEFF311.BOLIB3Y/
library.

The ENEABologna 2007 Revision 9 of the SCAMPI /8/ system was used to prepare,
through the BONAMI module, the working libraries of neutron-séitlded cross sections

for the onedimensional (1D) and twdimensional (2D) transport calculations, respectively
performed with the XSDRNPM 1D discrete ordinates transport code of the SCAMPI system
and the DORT 2D discrete ordinates transport codeyded in the DOORS.2 B35 system.

Following the denominations reported in the ICSBEP handbook,-dffegtive (k) results
obtained in the 1D and 2D transport calculations with the VITENDF70.BOLIB librarytaefer
HEU (Highly Enriched Uranium) benchmkaexperiments (TAB2.11), to IEU (Intermediate
Enrichement Uranium) benchmark experiments (TAB12, to LEU (Low Enriched
Uranium) benchmark experiments (TAR.13, to a MIX (MIXed PlutoniumUranium)
benchmark experiment (TAR.14), to U-233 benchmads experiments (TAB2.15 and to
Pu-239 benchmark experiments (TAB.16). The following acronyms are used in the cited
tables: NU (natural uranium), DU (depleted uranium) and WC (wolfram carbide or tungsten
carbide).

The keffective (kf) results obtaing with the VITENDF70.BOLIB library are compared in

the cited tables with the corresponding results obtained with the VITIEFF311.BOLIB library.
It is underlined that in the ICSBEP Handbook it is considered usually reasonable the
assumption of a normal prdity distribution for thekeg v al ues of the HAexp:

benchmarkmodel 06 conf i gur at kepvalses repCrtechis PABR.E:2.068 v t he
are the mean values of the assumed normal distributions and their associated uncertainties
correspondo one standard deviation (+ sigma) which represents a 68% confidence level.

The onedimensional transport calculations in spherical geometry were performed with the
XSDRNPM code, module of the SCAMPI system, in theSR approximation: B
corresponds th =-enax, the maximunorder of the Legendre polynomialjRexpansion of

the scattering cross section matricasd Se represents the order of the flux angular
discretization. The DORT 2D discrete ordinates code, included in the DBCGRS/stem,

was exclgively employed in the simulation of tHEU-MET-FAST-007 (BIG TEN) (see
TAB. 2.12 fast neutron spectrum benchmark experiment with a 2D (R,Z) cylindrical
geometry calculation in the;#S approximation.

It is noted that the most part of the results otgdiwith the VITENDF70.BOLIB library on

the U233 benchmark experiments fall within tlxperimental or benchmarkodel k-
effective errors whereas the corresponding results obtained with the VITIEFF311.BOLIB
library are always outside the cited experimeeteors.
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At present no testing of the VITENDF70.BOLIB library was performed on integral shielding
benchmark experiments.
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TAB. 2.11

VITENDF70.BOLIB and VITJEFF311.BOLIEriticality CalculationResults
for Highly Enriched Uranium (HEU) Benchmark Experime

Experimental
ICSBEP Handbook Reflector or Benchmark GeometryP, - S VITENDF70 VITIEFF311
Benchmark Name ‘Model YL K K
Ket N gplcm) of e
Thermal Neutron Spectrum
HEU-SOL-THERM-009001 | H20 0.09900¢ (430) | 1D Sph./ P&S16 1.00378 1.00189
HEU-SOL-THERM-009002 | H20 1.00000¢ (390) | 1D Sph/P&S16 1.00425 1.00236
HEU-SOL-THERM-009003 | H20 1.00000% (360) | 1D Sph/P&S16 1.00342 1.00166
HEU-SOL-THERM-009004 | H20 0.99860: (350) | 1D Sph./P5S16 0.99737 0.99591
HEU-SOL-THERM-010001 | H20 1.00000¢ (290) | 1D Sph./ PES16 1.00192 1.00123
HEU-SOL-THERM-010002 | H20 1.00000¢ (290) | 1D Sph/PES16 1.00255 1.00185
HEU-SOL-THERM-010003 | H20 1.00000¢ (290) | 1D Sph/ PES16 1.00123 1.00044
HEU-SOL-THERM-010004 | H20 0.99920+ (290) | 1D Sph./P5S16 0.99989 0.99906
HEU-SOL-THERM-011-001 | H20 1.00000% (230) | 1D Sph/P&516 1.00517 1.0053
HEU-SOL-THERM-011-002 | H20 1.00000¢ (230) | 1D Sph./ PES16 1.00129 1.00137
HEU-SOL-THERM-012001 | H20 0.09990¢ (580) | 1D Sph./ PES16 1.00071 1.00111
(HOEFEJN’IS_%'THERM'OBOM - 1.00120+ (260) | 1D Sph./P8516 0.99832 0.99892
(HOEFEJ,;“S__%')"THERM'OBOOZ - 1.00070+ (360) | 1D Sph./P8516 0.99749 0.99797
(HOE;,QI’IS_%'THERM'OBOOS - 1.00090+ (360) | 1D Sph./P&S16 0.99406 0.99442
(HOEFEJN’IS_Sl;'THERM'OBOO“ - 1.00030+ (360) | 1D Sph./P8516 0.99568 0.99599
HEU-SOL-THERM-032
(ORNL10) - 1.00150+ (260) | 1D Sph./ PES16 0.99893 0.99878
Intermediate Neutron Spectrum
Experimental
ICSBEP Handbook Reflector or Benchmark GeometryP, - S VITENDF70 VITJEFF3L1
Benchmark Name _Model YR K K
Kt N g (em) it it
HEU-COMP-INTER-004 - 1.00000¢ (a00) | 'Mf-Homogeneous/| 4 45597 1.00807

P5S16
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TAB. 2.11 Continued

VITENDF70.BOLIB and VITJEFF311.BOLIEriticality CalculationResults
for Highly Enriched Uranium (HEU) Benchmark Experiments

Experimental
ICSBEP Handbook Reflector or Bpenchmark GeometryP, - S VITENDF70 VITIEFF311
Benchmark Name ~Model K K
keff N mcm) eff eff
Fast Neutron Spectrum
(HGE(;JI'D'\I"V';T)'FAST'OOLOM - 1.00000+ (100) 1D Sph./ PE516 0.99954 0.99533
(HT%UF;'\S"E)T'FAST'OOZ'OM NU 1.00000¢ (300) | 1D Sph./P&S16 1.00266 1.00095
HEU-MET-FAST-003001 | NU (2in) 1.00000% (500) 1D Sph./ PS516 0.99576 0.99373
HEU-MET-FAST-003-002 | NU (3in) 1.00000# (500) 1D Sph./ P5516 0.99544 0.99345
HEU-MET-FAST-003-003 | NU (4in) 1.00000# (500) 1D Sph./ P5516 1.00027 0.99825
HEU-MET-FAST-003-004 NU (5in) 1.00000# (300) 1D Sph./ P5516 0.99843 0.99643
HEU-MET-FAST-003005 | NU (7in) 1.00000% (300) 1D Sph./ P5516 1.00251 1.00071
HEU-MET-FAST-003006 | NU (8in) 1.00000% (300) 1D Sph./ P5516 1.00262 1.00092
HEU-MET-FAST-003-007 | NU (11in) 1.00000% (300) 1D Sph./ P5516 1.00299 1.00148
HEU-MET-FAST-003-008 | WC (1.9in) 1.00000# (500) 1D Sph./ P5516 1.00962 1.00146
HEU-MET-FAST-003-009 | WC (2.9in) 1.00000# (500) 1D Sph./ P5516 1.01093 1.00364
HEU-MET-FAST-003010 | WC (4.5in) 1.00000% (500) 1D Sh./ P5S16 1.01379 1.00897
HEU-MET-FAST-003011 | WC (6.5in) 1.00000% (500) 1D Sph./ P5516 1.01733 1.01416
HEU-MET-FAST-003-012 | Ni (8in) 1.00000# (500) 1D Sph./ P5516 1.01600 1.00922
HEU-MET-FAST-022001 | Al 1.00000% (190) 1D Sph./ P5516 0.99941 0.9527
HEU-MET-FAST-027-001  |Pb 1.00000% (250) 1D Sph./ P5516 1.00019 1.00052
(F'F'IE_X'T“"T%TID'_':ZQ)ST'(’Z&OOl NU 1.00000# (300) 1D Sph./ P5516 1.00397 1.00218
HEU-MET-FAST-057-001 | Pb 1.00000% (200) 1D Sph./ P5516 0.98979 0.99425
HEU-MET-FAST-057-002 Pb 1.00000% (230) 1D Sph./ P5516 0.99788 1.00122
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TAB.2.12

VITENDF70.BOLIB and VITJEFF311.BOLIEriticality CalculationResults
for Intermediate Enrichment Uranium (IEU) Benchmark Experiments.

Experimental
ICSBEP Handbook Reflector or Benchmark GeometryP, - S VITENDF70 VITIEFF3LL
Benchmark Name ‘Model YL K K
ket N gp(ocm) o of
Fast Neutron Spectrum
IEU-MET-FAST-007
(BIG TEN) DU 1.00450+ (70) 2D Cyl./ P3S8 1.00416 0.99714
Simplified Model
IEU-MET-FAST-007
(BIG TEN) DU 0.99480+ (130) 2D Cyl./ P3S8 0.99705 0.99039

Two Zone Model

TAB. 2.13

VITENDF70.BOLIB and VITJEFF311.BOLIEriticality CalculationResults
for Low Enriched Uranium (LEU) Benchmark Experiments.

Experimental
ICSBEP Handbook Reflector or Benchmark GeometryP, - S, VITENDF70 VITIEFF311
Benchmark Name Model YR K K
Kett + Gpky(pCM) of o
Thermal Neutron Spectrum
LEU-SOL-THERM-003-003 - 0.99950+ (420) 1D Sph./ P5516 1.00163 1.00358
LEU-SOL-THERM-003-006 - 0.99990+ (490) 1D Sph./ P5516 0.99869 1.00088
LEU-SOL-THERM-003-009 - 0.99960+ (520) 1D Sph./ P5516 0.99757 0.99942




EINEN.  centro Ricerche Bologna

Sigla di identificazione

UTFISSM-P9H6-008

Rev. Distrib.
0 L

Pag. di
57 215

TAB. 2.14

VITENDF70.BOLIB and VITJEFF311.BOLIEriticality CalculationResults
for Mixed PlutoniumUranium (MIX) Benchmark Experiments.

Experimental
ICSBEP Handbook Reflector or Benchmark GeometryP, - S VITENDF70 VITIEFF3LL
Benchmark Name Model YL K K
Kett * Cpks (PCmM) o of
Fast Neutron Spectrum
MIX -MET-FAST-001-001 - | 100000 (160) | 1D Sph./P5516 0.99923 0.99740

TAB. 2.15

VITENDF70.BOLIB and VITJEFF311.BOLIEriticality CalculationResults
for U-233 Bexchmark Experiments.

Experimental
ICSBEP Handbook Reflector or Benchmark GeometryP, - S VITENDF70 VITJEFF311
Benchmark Name ‘Model YR K K
ket N galem) of o
Fast Neutron Spectrum
U233MET-FAST-001-001
(JEZEBEL-233) - 1.00000+ (100) 1D Sph./P5S16 1.00065 1.00383
U233MET-FAST-002-001 HEU 1.00000z (100) 1D Sph./.P5S16 1.00020 1.00257
U233MET-FAST-002-002 HEU 1.00000+ (110) 1D Sph./.P5S16 1.00174 1.00342
U233MET-FAST-003-001 NU 1.00000 + (100) 1D Sph./.P5516 1.00087 1.00575
U233MET-FAST-003-002 NU 1.00000 + (100) 1D Sph./.P5516 1.00184 1.00719
U233MET-FAST-006001 |\, 1.00000 * (140) 1D Sph./.P5516 1.00138 1.00665

(FLATTOP-23)
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TAB. 2.16

VITENDF70.BOLIB and VITJEFF311.BOLIEriticality CalculationResults

for Plutonium Benchm@ark Experiments.

Experimental
ICSBEP Handbook Reflector or Benchmark GeometryP, - S, VITENDF70 VITIEFF311
Benchmark Name Model YL K K
ket N gplocm) of o
Thermal Neutron Spectrum
PU-SOL-THERM-006001 | H20 1.00000# (350) 1D Sph./ P5S16 1.00095 0.99716
PU-SOL-THERM-006002 | H20 1.00000# (350) 1D Sph./ P5S16 1.00223 0.99843
PU-SOL-THERM-006003 | H20 1.00000# (350) 1D Sph./ P5S16 1.00181 0.99800
PU-SOL-THERM-011-001 - 1.00000# (520) 1D Sph./ P5S16 1.01017 1.00721
PU-SOL-THERM-011-002 - 1.00000% (520) 1D Sph./ P5516 1.01489 1.01190
PU-SOL-THERM-011-003 - 1.00000% (520) 1D Sph./ P5516 1.01697 1.01397
PU-SOL-THERM-011-004 - 1.00000% (520) 1D Sph./ P5516 1.00951 1.00656
'(DPL,ZEEE)THERM'OM'O% - 1.00000% (520) | 1D Sph./ PSS16 1.00659 1.00364
(PPLKIE_O;E;)THERM'O“'OOG - 1.00000 (520) | 1D Sph./ PES16 0.99453 0.99165
PU-SOL-THERM-011-007 - 1.00000% (520) 1D Sph./ P5516 1.00052 0.99760
PU-SOL-THERM-011-008 - 1.00000# (520) 1D Sph./ P5S16 0.99712 0.99421
PU-SOL-THERM-011-009 - 1.00000# (520) 1D Sph./ P5S16 0.99376 0.99088
PU-SOL-THERM-011-010 - 1.00000# (520) 1D Sph./ P5S16 1.00378 1.00083
(F’PLtlfa'E;)THERM'Oll'Oll - 1.00000 (520) | 1D Sph./ PES16 1.00043 0.99752
PU-SOL-THERM-011-012 - 1.00000# (520) 1D Sph./ P5516 0.99993 0.99702
'(DPL;E_%L'THERM'OZLOW - 1.00000¢ (320) | 1D Sph./PES16 1.00699 1.00412
FPLKIE%'THERM'OZLOOS - 1.00000¢ (650) 1D Sph./ P5516 1.00424 1.00226
PU-SOL-THERM-021-009 - 1.00000% (320) 1D Sph./ P5S16 1.00748 1.00461
Intermediate Neutron Spectrum
Experimental
ICSBEP Handbook Reflector or Benchmark GeometryP, - S, VITENDF70 VITJFF311
Benchmark Name Model YL K K
Kett *+ s (pCm) o o
PU-COMP-INTER-001 - 1.00000+ (1100) | 'Mf-Homogeneous/| 4 45,5 1.00110

P5S16
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TAB. 2.16 Continued

VITENDF70.BOLIB and VITJEFF311.BOLIEriticality CalculationResults

for Plutonium Benchm@ark Experiments.

Experimental
ICSBEP Handbook Reflector or Benchmark GeometryP, - S, VITENDF70 VITJEFF3LL
Benchmark Name Model YR K K
ket N gplocm) of o
Fast Neutron Spectrum

PU-MET-FAST-001-001

(JEZEBEL) - 1.00000+ (200) 1D Sph./ P5516 0.99924 0.99889
PU-MET-FAST-002-001

(JEZEBEL-240) -- 1.00000+ (200) 1D Sph./ P5S16 0.99966 1.00277
PU-MET-FAST-006-001

(FLATTOP-PU) NU 1.00000+ (300) 1D Sph./ P5S16 1.00163 1.00305
(F’TﬁgE)T'FAST'OOS*OM Th 1.00000% (60) 1D Sph./ P5S16 0.99848 100124
PU-MET-FAST-009-001 Al 1.00000+ (270) 1D Sph./ P5516 1.00492 1.00401
PU-MET-FAST-010-001 NU 1.00000+ (180) 1D Sph./ P5516 0.99971 1.00091
PU-MET-FAST-011-001 H20 1.00000+ (100) 1D Sph./ PES16 1.00262 0.99943
PU-MET-FAST-018001 Be 1.00000+ (300) 1D Sph./ PES16 0.99705 1.00200
PU-MET-FAST-023-001 Graphite 1.00000+ (230) 1D Sph./ PES16 1.00008 0.99850
PU-MET-FAST-024-001 Polyethylene 1.00000+ (200) 1D Sph./ P5516 1.00192 0.99948
PU-MET-FAST-030-001 Graphite 1.00000+ (210) 1D Sph.P5S16 1.00377 1.00395
PU-MET-FAST-031-001 | Polyethylene 1.00000¢ (210) 1D Sph./ P5516 1.00530 1.00385
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3 - BUGENDF70.BOLIB BROAD -GROUP LIBRARY SPECIFICATIONS

The ENEABologna Nuclear Data Group generated the BMGF7QBOLIB broadgroup

coupled neutin/photon working cross section library in FIDANISN /4/ format, based on

the US ENDF/BVII.O /6/ evaluated nuclear data library. This BUGhfpe libray has

features similar to the ORNL DL-G185/BUGLE96 /8/ broadgroupworking library and the

same neutm and photon energy group structued 7 n + 20 92) with the
groups covering the energy range X@keV - 1.7332E+07 eV and the 20 photon groups
included withinthe energy range 1.0E+04..4E+07 eV.

As previously performed at ORNL, where BUGLE#6 was obtained through pmpcross
section collapsing with th©RNL SCAMPI /18/ nuclear data processing system from the
ORNL DLC-0184/VITAMIN-B6 /8/ (ENDF/B-VI.3 /9/) fine-group (199 n + 42) library, the
ENEA-Bologna BUGENDF7QBOLIB library was generated with the same methodolkagy
reactor models previously uséa producethe BUGLE96 library. It was obtained through
cross section collapsing from the recently produced EBBlgnaVIT ENDF7QBOLIB /5/
fine-group library(see Chapter2), based orENDF/B-VII.0 data andcharacteried by the
same neutron and photon energy group struetsivdTAMIN -B6.

In order b perform this taskn updang wasrequired to the origindbCAMPI, developed at

ORNL from the AMPX77 /23/ system and already employed to generate BUSGEIN

particulatt he so caBbldgmENERAO7 Revil9%was develofed S CA MI
(see 1.3pndreleased tothe OECD-NEA Data Bank and ORNRSICC.

3.1- Name

The present problemdependent broagroup working cross section librarglerivedthrough

proper cross séion collapsing ofthe ENEABologna VITENDF7QBOLIB /5/ fine-group
motherlibrary, is designateasBUGENDF7QBOLIB.

ABUGO suggests that the main feaBUGEE9%/8/0f t he
library, generated at ORNLThe AENDF7® despnationin both ENEABologna libraries
conveniently reflects the origin of the evaluated gdie¢athe US ENDF/B-VII.O /6/ evaluated

nuclear data library(see 1.2) Finally, ABOLIBO means BOlogna LIBrary and so it is
indicative of the place of productiaf the library.

3.2 - Materials Legendre Order of Scatteriagd Energy Group Structure

The BUGENDF7QBOLIB library contains allthe 183 nuclides based on the th&JS
ENDF/B-VII.O /6/ evaluated nuclear data librargyailable in the VIENDF7QBOLIB /5/
fine-group motherlibrary, as listed in TAB.2.1. Some nuclides appeaeveraltimes due to
the inclusion of different resonance ssffielding and energy weighting options for key fuel
and structural materials.

The Legendre order of scattering of thessrgectiongontained inBUGENDF7QBOLIB is
the samasavailable in the VIENDF7QBOLIB library: P, for both neutrons and photons for
nuclides with Z=I through Z=29 (copper) angfBr the remainder of the nuclidésee TAB.
2.2).
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The BUGENDF7QBOLIB library, as previously reportedhasthe same neutron and photon
energy group structures (4@utron groups- 20 photon groupsasthe ORNL BUGLE96 /8/
library with 47 neutron groups covering the energy range-0®EV - 1.7332E+07 eV and
20 photon groupscludedwithin the energy range 1.0E+@V - 1.4E+07 eV.The energy
boundaries for the 47 neutron groups are given in TAB.along with the corresponding
VITENDF7QBOLIB group numbers which were collapsed to form the BNMGF7QBOLIB
groups.Similarly, the20 photon grougtructure igjiven in TAB.3.2.

With respect to the neutron energy range covered by th&NDIF7QBOLIB library, it is
underlined that irthe BUGENDF7QBOLIB neutron energy group structufgee TAB. 3.1)
the contribution of the highest ukon energy groupneutron finegroup No.1lin the energy
rangel.7332E+07 eV 1.9640E+07 eYsee TAB.2.4) of the VITENDF7QBOLIB neutron
group structureis omitted Concerning the photon energy range covered by the
VITENDF7QBOLIB library, the contribubns of the two highest photon energy groups
(photon finegroup No.lin the energy rang2.0E+07 eV- 3.0E+07 eV and No. h the
energy rangd..4E+07eV - 2.0E+07 eV, see TAR2.5) and that of the lowest photon energy
group (photon finggroup No. 42in the energy rangé.0E+03 eV- 1.0E+04 eV; see TAB.
25) of the VITENDF7QBOLIB photon group structureare omitted in the
BUGENDF7QBOLIB photon energy group structure (see TAB. 3.2)

The BUGENDF7QBOLIB thermal neutron energy ranggelow 5.0435 eVi.e. theenergy
rangecontaining the neutrogroups which include upscatter in the BERDF70T.BOLIB
version of the librarysee also 3), hasonly five neutron groupssgee TAB.3.1) with respect
to the 36 neutron groups of the \HINDF7QBOLIB library in the samerergy ranggsee
TAB. 24).
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Neutron Group Energy Boundaries for the BEXEDF7QBOLIB Library.

TAB. 3.1

Broad Upper Upper VIT ENDF70
Group Energy[eV] Lethargy Groups
1 1.7332E+ 07 -5.4997E - 01 2 -7
2 1.4191E+07 - 3.5002E -01 8 -12
3  1.2214E+07 - 2.0000E -01 13 -16
4 1.0000E+07 O. 0000E+00 17-19
5 8.6071E+06  1.5000E -01 20- 22
6 7.4082E+06  3.0000E -01 23 - 27
7 6.0653E+06  5.0000E -01 28 -31
8 4.9659E+06  7.0000E -01 32 -35
9 3.6788E+06  1.0000E +00 36 -38
10 3.0119E+06  1.2000E+00 39 -40
11 2.7253E+06  1.3000E+00 41 -42
12 2.4660E+06  1.4000E+00 43 -44
13 2.3653E+06  1.4417E+00 45
14 2.3457E+06  1.4500 E+00 46 - 47
15 2.2313E+06  1.5000E+00 48 -50
16 1.9205E+06  1.6500E+00 51 -53
17 1.6530E+06  1.8000E+00 54 - 57
18 1.3534E+06  2.0000E+00 58 - 62
19 1.0026E+06  2.3000E+00 63 - 66
20 8.2085E+05  2.5000E+00 67 - 68
21 7.4274E+05 2.6000E+00 69 -72
22 6.0810E+05 2.8000E+00 73 -76
23 4.9787E+05 3.0000E+00 77 -80
24 3.6883E+05  3.3000E+00 81 -84
25 2.9721E+05  3.5159E+00 85 -94
26 1.8316E+05 4.0000E+00 95 -104
27 1.1109E+05 4.5000E+00 105 -110
28 6.7379E+04  5.0000E+00 111 -114
29 4.0868E+04 5.5000E+00 115 -116
30 3.1828E+04 5.7500E+00 117 -119
31 2.6058E+04 5.9500E+00 120 -121
32 2 4176E+04  6.0250E+00 122 -123
33 2.1875E+04  6.1250E+00 124 -125
34 1.5034E+04 6.5000E+00 126 -129
35 7.1017E+03  7.2500E+00 130 -133
36 3.3546E+03  8.0000E+00 134- 140
37 1.5846E+03  8.7500E+00 141 - 145
38 4.5400E+02 1.0000E+01 146 - 148
39 2.1445E+02 1.0750E+01 149 - 151
40 1.0130E+02 1.1500E+01 152 - 155
41 3.7266E+01 1.2500E+01 156 - 160
42 1.0677E+01  1.3750E+01 161 - 163
43 5.0435E+00 1.4500E+01 164 - 167
44  1.8554E+00 1.5500E+01 168 -174
45 8.7643E -01 1.6250E+01 175 -180
46  4.1399E -01 1.7000E+01 181 -188
47  1.0000E -01 1.8421E+01 189 -199
1.0000E -05 2.7631E+01
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TAB. 3.2

Photon Group Energy Boundaries for the BEN®DF7QBOLIB Library.

Broad Upper VIT ENDF70
Group  Energy [eV] Groups
1 1.4000E+07 3 -4
2 1.0000E+07 5
3 8.0000E+06 6 -7
4 7.0000E+06 8 -9
5 6.0000E+06 10 -11
6 5.0000E+06 12 -13
7 4.0000E+06 14 -15
8 3.0000E+06 16 -17
9 2.0000E+06 18 -19
10 1.5000E+06 20 -22
11 1.0000E+06 23
12 8.0000E+05 24
13 7.0000E+05 25
14 6.0000E+05 26 -29
15 4.0000E+05 30 -31
16 2.0000E+05 32 -33
17 1.0000E+05 34 -36
18 6.0000E+04 37 -39
19 3.0000E+04 40
20 2.0000E+04 41

1.0000E+04
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3.3 - Selft-Shielding Weighting Spectrand Collapsig

As reported in the BUGLES6 /8/ libraryu s er 6 s

he acouvaayl ofhe rdsults from a

radiation transport calculation which uses brgaoup cross section data can be significantly
affected by the energyependent weighting spectrunsed to collapes the data from point
wise or finegroup data. It is important to use a weighting spectrum which is sufficiently
prototypical to provide the desired accuracy. In general, a fgaag library is useful only
for the range of problems represented by the cipe weighting functions. For
BUGENDF7QBOLIB, this range includes iaessel and reactor cavity analyses for light
watercooled reactors (PWR and BWR). For other applications, the validitythef
BUGENDF7QBOLIB data will need to be explicity demonstrdateEven for LWR
applications, it is important that the proper data sets be used for specific regions of the reactor
geometry to insure sufficiently accurate results

The cross sectiosetscontained in the BUENDF7QBOLIB library were produced in two
phags The firstphasewas dedicated) to properly seshield the cross sections angt@
calculateproblemdependenBWR- and PWR-specific neutrorphoton weighting spectrdn
the secondphase infinitely dilute (not seltshielded)and selfshielded crossectionsets,
derivedfrom the VITENDF7QBOLIB /5/ fine-grouplibrary, were collapsed to generate the
BUGENDF7QBOLIB broadgroup cross sectiorsets using the neutron/photon weighting
spectra precalculated in the first phase of the data procesdings underlined that the
BUGENDF7QBOLIB broadgroup cross sections were generated
VITENDF7QBOLIB fine-group cross sectionswith the same methodology and reactor
models previously usedto producethe ORNL BUGLE-96 library. All the compositional,
geometrical and temperature data needed for the cross sectieshisddfing, the BWR and
PWR neutron/photon weighting spectecalculation methodologyand the cross section
collapsing procedurewere consistently taken from the BUGIYb library u s er 6 s
respectivelyfrom the corresponding ORNL data processing inputs which generated BUGLE

96.

from the

In particular in the first phasefive different neutron/photonweighting spectra in the
VITENDF7QBOLIB neutron and photoenergygroup structuresvere calculateavith aone
dimensionatransportcode in order tgermit, inthe second phaseroblemdependent cross
section collapsing from the VENDF7QBOLIB neutron and photoriine-group energy
structuresnto the BUGENDF7QBOLIB neutron and photobroadgroup energ structures.

In order b determine thd8WR- and PWRspecific neutron/photomweighting spectra, one

dimensional fixed source transport calculations were performedintroducing the same
compositional/geometrical reactor modeted to obtain BUGLEG6: the formerrepresenting
a typicalBWR plant andhe latterrepresenting aypical PWR plant. Thes@&eactormodels,

which corespond exactly to tse describedin the BUGLE9G6 libraryu s er 6 s, aman u a |
shown in FIG.3.1 The domic densities for the variougactor regions used in thdransport
calculations to determine the neutron and photon weighting spargiven in TAB3.3.

manua

Theatomic densities used in thransportcalculationgsee in particular 3.4 for the calculation
details) were alwaysdirectly taken from thetransport codenput examplegeported in the
APPENDIX A of theBUGLE-96 libraryu s e r 6 s Omthenatharlhand in certain cases
e.g, for the magnesium, silan, potassiumcalcium and zirconium isotopesontained in
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VITENDF7QBOLIB and involved in theransportcalculationsit was necessary tetermine

thar atomic densitiesvhich arenot available in the BUGLBG6 libraryu s e r 0 s Inrfaatn u a |
these isotopeare constituentof the natural elementscluded as corresponding dataeslin

the VITAMIN -B6 /8/ library since the relative coponentisotopes were not available in the
ENDF/B-VL.3 /9/ evaluated data libraryThe atomic densities of these isotopes were
calculated on the basis of tmaturalisotopic abundancesee TAB. 3.3)taken from the
BNL-NNDC database 8.

The 1D fixed source transport calculations were performed asivglumetric sourcgpectra
the samefine-group neutronsourcespectrumdata set(see APPENDIX A TAB. A.2 and
TAB. A.3) for both types of reactorsThese datavere taken from the BUGLEDG6 library
us er 0 s/8/fsacARPENDIX A, TAB. A.6 and TAB. A.7)

Neutron and photonludx spectra from fiverepresentativespatial locations within the
previously citedBWR and PWRmodels(see FIG. 3.1jvere then selcted corresponding to:
1) off-center in the BWR core regigspatialmesh interval #57 in the BWR modgeD) off-
center in the PWR core regiofspatial mesh interval #37 in the PWR modeB) the
downcomer regior(spatial mesh interval #69 in the PWR mdge4) within the pressure
vessel at a depth of offieurth of the total thicknesg¢spatialmesh interval #82 in the PWR
model)and 5) within the concrete shield surrounding the regossureressel(spatialmesh
interval #106 in the PWR model)

The midwints of theonedimensional spatiahesh intervalswhere the selected neutron and
photon flux spectra were calculatedtelocatedat the following distances, respectively from
the BWR and PWR core centers (see FIG. afijabout 217.50 cnn theinterval #57 in the
BWR core regionat about140.58 cmin the interval #37in the PWR core regiorat about
203.52 cmin theinterval #69 in the PWRlowncomerat about226.28 cmin the interval #82
at a depth of onéourth of the total thickness of the PWiRessure vesselndat abou270.83
cm in the interval #10@ithin the concrete shield surrounding P¥/R pressurevessel

The calculated neutron flux spectra are compagreghicallyin FIG. 3.2 and listed in TAB.
3.4 while the corresponding photon flux spiea arecomparedin FIG. 3.3 and reportedin
TAB. 3.5

The cross sections used in the transport calculatitmaicated tahe determination ahe five
different neutron/photon weighting spectnaere previously separately sshieldedusing the
BWR ard PWR compositional/geometrical modalsdthe specificoperatng temperaturs of
the nuclides involved in the calculationdn particular, he proper cross section ssliielding
factors were determined on the basis tfe specific background cross sensoand
temperatures of thsingle nuclides constitiing the various material mixtures of the reactor
model spatial regions

In the BWR and PWR core regigrthe cross sections of the nuclides involved were self
shielded using the corresponding fe&dmoderator pin models. The kesompositional,
geometrical and temperatuyparameters for the BWR and PWR pin cell models are given in
TAB. 3.6.

In the steel regions, the cross sections ofrthelidesthat areconstituens of steels were
separately sel$hielded for carbon steel (A533), used forthe BWR and PWR pressure
vessed, andfor stainless steel (S$04), employed fothe BWR and PWR core barrelssing
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the atomic densities given in TAB. 3&s in the case of the BUGLE6 library, the cross
sectiors of the constituents of carbon steel and stainless steel wershiedlied at the
temperature of 600 °K.

It is underlined that, aperformed for BUGLESG6, the selishielding of thecross sections of
the nuclides constiting steel was performed followingn approach that contained only steel
instead of a 509%0% mixture of water and stainless steel, which was the approach
previously followed for similar ORNL working cross section librariese fresentchoice
using only steel constituentadopted origingy for BUGLE-96, permitted to obtain a
significant improvement in the agreement of the results coming froradiomensional
transport calulations using ENDF/B/1.3 nuclear data and the dosimeter experimental data
relative to the ANGL (Arkansas Nuclear @) commercial nuclear power reactor, as reported
in the BUGLE96 library useb manual.

The cross section sedhielding forthe nuclides of the ircater mixture repesenting the
PWR downcomer was calculated at the temperature of 590 °K.

Finally, concerning the nuclides constiing the concrete shields, their cross section-self
shielding was performeal the temperature of0® °K.

Although it was decided to use, as much as possible, the input data given in the BEGLE
libraryu s er 6 s ma npuoper tp make a fesveeenarlss.

The atomic densities of the concrete constituargsdin the cross sectiorself-shielding and
spectrum calculationgexcept that of carbon, present different values in TAB. 3.3 (spectrum
calculations) and in TAB. 3.7 (sethielding calculations) The different numerical values
reported were respectively taken frahe BUGLE96 /8/ libraryu s e r 6 s (respedtivels |
from page 31 TAB. 3.3 andfrom page A.8 of APPENDIX ATAB. A.5), althoudp both
concrete compositions are &Eledwithii Ty pe 04 0.

The atomic densitiesf the iron isotopes used the cross sectiorselfshielding calculations
for the carbon and stainless st@eimponentgsee APPENDIX A, TAB. A.1) were calculated
with a different set of natural atomic abundaneéh respect to thset of atomic abundances
of the iron isotopeseported in TAB. 3.3In particular, in this casehe following atomic
abundances were used to determineatioenic densities of thigon isotope: 5.8% for Fe-54,
91.8% for Fe56, 2.26 for Fe-57 (identicalto the numericalaluereportedin TAB. 3.3)and
0.3% for Fe58.

Silicon is present in the carbon and stainless steg¢érialcompositions (see TAB. 3.3) used
in thespectrum calculations whilst it is not included steel constituent the corresponding
materialcompositions employed ime cross sectioselfshielding calculations

The second phase of the data processing was dedicated, as previously reported, to the cross
section collapsing of infinitg dilute (notselfshielded)and selshielded cross sections,

using the neutron/photon weigig spectra, pre&alculated in the first phase of the data
processing.

Concerning the seBhielded cross sections, six setscollapsed and seBhieldedcross
sectiors were generatedsing the five precalculated neutron/photon weiglg spectra in
particular there is 1) a set of cross sectionstlierPWR core materials collapsed withe
PWR core flux spectra using a fugdhd-moderator pin model, 2) a set of cross sectionsaifior
iron-water mixture of structural ancbolant materials collapsed withe PWR downcomer



Sigla di identificazione Rev. | Distrib. Pag. di
EINEL. Centro Ricerche Bologna  |uTFISSM-POH6-008| 0 L |67 215

flux spectra, 3) a set of cross sectionsth@carbon steel pressure vessel materials collapsed
with the PWR flux spectra at the orgpiarter thicknesgr) position in thepressure vessél/4

T PV), 4) a set of cross sections foebiological shield concrete materials collapsed i
PWR flux spectra in the concrete biological shield, 5) a set of cross sectiahg &arbon
and stainless steel materials collapsedwie PWR pressure vessel flux spectra at the one
quarter thicknes§T) position in the pressure vesg&l4 T PV)and, finally, 6) a set of cross
sections fothe BWR core materials collapsed withe BWR core flux spectra using a fuel
clad-moderator pirmodel.

Finally, a cross section set of collapsed and infipitélute (not sekshielded) cross sections
was generatedor all the 18 materials contained in the VENDF7QBOLIB fine-group
library. In particular the VIENDF7QBOLIB fine-group cross sectis, processed at the
infinite dilution background cross sectiday = 1.0E+10 barns)and at the temperature of
300 °K, were collapsed using the neutron/photon weighting spegcpre-calculated in the
concrete PWR biological shiettlring the first phasef the data processing.
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FIG.3.1

OneDimensionaPWR and BWR Radial Geometaynd CompositiotModels' Adoptedto
Calculate theSpecific Flux Spectrdor Collapsing the VIENDF7QBOLIB Library
Fine-GroupCross Sectionsto theBUGENDF7QBOLIB BroadGroupLibrary.

(® Figure taken from refrence’s/.




