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Abstract. OurNuclearPhysicsGrouphasworkedover thelastseveralyearsto improve theENDF/Bactinidecrosssections,
especiallyasmeasuredagainstthe famousseriesof fast-spectrumcritical experimentsperformedat Los Alamosundersuch
namesasGodiva, Jezebel,the Flattops,andBigten. The new evaluationsincludechangesin the high-energy fissioncross
sections,nubar, elasticscattering,inelasticscattering,fission spectra,and delayedneutronsthat combineto significantly
improve thecalculatedresultsfor theLos Alamoscritical assemblies.As a happy byproductof this work, we foundthat the
new evaluationsalsoremovedabouthalf of along-standingdiscrepancy in calculationsof thermal-reactorcritical experiments
usinglatticesof low-enricheduraniumoxiderods.In themeantime,work at theOakRidgeNationalLaboratoryhasresulted
in new proposedresonanceparametersfor U238.Whentheselow-energy dataarecombinedwith thenew high-energy data
from Los Alamos,they have theeffect of removing mostof therestof theproblemfor thermallattices.Althoughmorework
will be doneat both Los AlamosandOak Ridge,including makingthe evaluationsconsistentwith the new standards,the
resultspresentedin this talk provide promisethatENDF/B-VII will resultin goodimprovementsfor usersat bothhigh and
low neutronenergies.

INTRODUCTION

Onemeasureof thequality of a setof nucleardataeval-
uations,suchasthe currentversionof the US standard
EvaluatedNuclearDataFiles (ENDF/B-VI Release8),
is to useit to calculatemodelsof critical experiments.
In order to draw goodconclusionsaboutthe data,it is
importantthat the critical assembliesbe clean,simple,
andwell characterized.In the fastenergy region (say1
keV to 12 MeV), thefamousseriesof Los Alamoscriti-
cals,includingGodiva,Jezebel,theFlattops,andBigten,
fill this role nicely. It is naturalthatour NuclearPhysics
Groupwouldwork to improvetheevaluationsof actinide
isotopesin order to improve the predictionsfor these
critical assemblies.This work was donein an iterative
mannerusing the resultsof calculationsto help guide
the choiceof evaluationoptions,to focuson important
classesof data,and to help choosebetweendisparate
data.Wewould thenrepeatthecalculationsto checkthat
thenew evaluationshadthedesiredeffectsandcontinue
theiteration.Theendresultis a new setof actinideeval-
uationsbeingproposedfor ENDF/B-VII with improved
high-energy crosssectionsthat fairly well satisfiesour
goal[1]. Whenwe attainedthis milestone,we combined
our new high-energy evaluationswith new resonance-
rangeevaluationsfrom ORNL[2] andextendedour test-
ing to thermalcritical assemblieswith goodresults.

THE PRE-VII EVALUATIONS

Thenew actinideevaluationsincludetheisotopesof ura-
nium from 232through241,Pu239,andNp237,but not
all of thesematerialsareincludedin the critical assem-
bliestestedhere.Theevaluationsincludechangesin the
high-energy fissioncrosssections,nubar, elasticscatter-
ing, inelasticscattering,fissionspectra,anddelayedneu-
trons.For U235,themostimportantchangefor thepur-
posesof this reportwasan increasedfissioncrosssec-
tion in the 1.5 to 4 MeV range.This changeechoedto
all theothermaterialsthroughthewell measuredfission
ratios.Somecorrespondingchangesto nubarwerealso
madeat this time, and they affected the criticality re-
sults also. For U238, changesin the elastic scattering
crosssectionsandangulardistributionswere important
for the reflectorsin the Flattop and Bigten assemblies.
The new calculationsfor inelastic scatteringin U233
andU238werevery significantin correctingvery large
discrepanciesin Jezebel-23(a bare U233 sphere)and
Bigten(with approximately10%enrichmentin its core).
The basicLos Alamosevaluationswith their improved
high-energyrepresentationsweremadeavailablefor test-
ing at http://t2.lanl.gov/data/data/preVII-neutron in sub-
directoriesU, Np, Pu with nameslike 238l. Later ver-
sionswith new resonance-rangetreatmentsfrom ORNL
wereincludedin the web areawith the suffix "o", e.g.,
238o.



FAST CRITICALS

Table 1 comparesexperiment and calculationsmade
with MCNP5[3] using both the new preVII crosssec-
tions asprocessedby the NJOY NuclearDataProcess-
ing System[4] andthe previouscrosssectionsbasedon
Release8 (whichare.66cmaterialswith .62cfor oxygen
in the crosssectionlibrariesdistributedwith MCNP5).
The statisticalaccuracy of the Monte Carlo crosssec-
tions is about .0002 (one sigma).When possible,two
differentmodelswereusedfor eachassembly. Thecases
with spelledout names(suchas“Godiva” or “Bigten”)
are from the CrossSectionEvaluationWorking Group
(CSEWG)BenchmarkHandbook[5]. CSEWGmanages
the ENDF system.The case“HMF001” (HEU-Metal-
Fast) is the version of Godiva from the International
Handbookof EvaluatedCriticality Safety Benchmark
Experiments(ICSB)[6], andothersimilarly namedcases
are also from this important compilation. To summa-
rize, Godiva (and HMF001) is a baresphereof U235,
Jezebel(andPMF001)is abaresphereof Pu239,Flattop-
25 (HMF028) is a sphereof U235 reflectedby natural
uranium,Flattop-Pu(PMF006)is a sphereof Pu239re-
flectedby naturaluranium,Jezebel-23(UMF001) is a
baresphereof U233,Flattop-23(UMF006) is a sphere
of U233reflectedby naturaluranium,Bigtenhasacom-
positecoreof interleavedplatesof enrichedandnatural
uraniumwith an effective enrichmentof about10% re-
flectedby naturaluranium,andthe“Bigten” modelused
hereis homogenizedandspherical.The two IMF cases
are additionalmore complex modelsfor Bigten, one a
two-dimensionalmodelwith homogenizedregions,and
theotheradetailedplatemodelof theassembly. PMF011
is a sphereof Pu239reflectedby water, andHMF004is
a sphereof U235reflectedby water.

Godiva andJezebelresultsshow goodk-eff valuesas
a result of the changesin fission and nubar. For many
years,thek-eff valuesfor reflectedassemblieshavecom-
putedquitea bit higherthanfor the correspondingbare
assemblies.This “reflectorbias” hasbeenreducedquite
a bit, largely dueto thechangesin U238elasticscatter-
ing in the MeV range.The improvementin Jezebel-23
andFlattop-23is dramatic,mostlyresultingfrom theso-
phisticatednew inelasticanalysis.The improvementin
Bigten is also dramatic,mostly resultingfrom the new
inelasticdatain theU238evaluation.Thesimplespheri-
cal CSEWGmodelandthemorecomplex ICSB models
seemto agreefairly well.

Anothervaluablefeatureof theLos Alamosfastcrit-
ical assembliesis thatadditionalexperimentalmeasure-
mentsbeyond k-eff areavailable.Oneespeciallyuseful
setof measurementsis the fissionratiosor “spectralin-
dices”madeby insertingsmallfissionchambersinto the
assemblies.Theratioof theU238fissionrateto theU235
fissionratetendsto tell you what fraction of the flux is

TABLE 1. MCNP5 Calculationsfor
k-eff of SomeFast Critical Assemblies
Comparedto Experiment

Assembly
Name

Release 8
k-eff C/E

preVII
k-eff C/E

Godiva .9967 .9997
HMF001 .9966 .9994
Jezebel .9972 1.0005
PMF001 .9975 1.0002
Flattop-25 1.0019 1.0030
HMF028 1.0015 1.0033
Flattop-Pu 1.0028 1.0019
PMF006 1.0020 1.0013
Jezebel-23 .9926 .9988
UMF001 .9926 .9986
Flattop-23 1.0024 1.0006
UMF006 1.0006 .9986
Bigten 1.0136 1.0011
IMF007h 1.0125 .9999
IMF007s 1.0117 .9991
PMF011 .9972 .9991
HMF004 .9963 1.0000

TABLE 2. U238/U235FissionRatio in LANL
AssembliesasCalculation/Experiment

Assembly
Name

Release 8
238f/235f C/E

preVII
238f/235f C/E

Godiva .965 .965
Jezebel .968 .977
Jezebel-23 1.011 .985
Flattop-25 .981 .971
Flattop-Pu .986 .982
Flattop-23 .999 .980
Bigten 1.041 .968

above the 1 MeV fission thresholdfor U238. Somere-
sultsareshown in Table2.

The low value for Godiva of .965 suggeststhat the
U235 inelasticscatteringtreatmentmight be producing
aspectrumthatis slightly toosoft.Theverygoodvalues
for Jezebel-23andFlattop-23wereobtainedwith more
advancedtheoreticalmethodsthanthoseusedfor thecur-
rent U235 evaluation,which suggeststhat a future new
evaluationfor U235mightdobetteron thesespectralin-
dices.For Bigten,theU238/U235fissionratiogoesfrom
being4% too largeto being3% too small,but thesmall
resultis morelikethesmallresultin GodivaandFlattop-
25, thusmakingthesetof resultsmoreself consistent.

In addition to the central reactionrate ratios, there
alsoexist lessoftenutilizedreactionrateratiosmeasured
at variousradii in someof the Los Alamos critical as-
sembliesusing radiochemicaltechniques.The neutron
spectrumgetssofteras onemovesout from the center
of the assembly, therebygiving additional information
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FIGURE 1. Comparisonof experimentalradiochemicaldata
from Flattop-25andTopsywith calculatedvaluesfor a radial
traversein theFlattop-25assembly. Theratio of theU238(n,f)
reactionrate to the U235(n,f) reactionrate and the ratio of
theU238(n,2n)reactionrateto theU235(n,f)reactionrateare
plottedversusradius.

aboutthe quality of the crosssectiondata.An example
of thesedataastakenin theFlattop-25andTopsyassem-
blies is shown in Figure1. (Topsywasanearlymockup
of a U235 core reflectedby naturaluraniummadeby
stackingcubesof material—itsgeometryis not asclean
as the later Flattop experiment.)The calculationswere
doneusingmultigroupmethodsbasedon MATXS cross
sectionsfrom NJOY[4] formattedwith TRANSX[7] for
PARTISN[8]. A very fine group structurewith 1/16-
lethargy intervalsin thefastregionwasusedfor highac-
curacy. Themultigroupresultswerecheckedby tallying
in several 1-cm shellsusing MCNP5, and good agree-
mentwasobtained.Figure2 shows a differentpresenta-
tion of thesedatain a form oftenusedby radiochemists.
The abscissais a measureof the hardnessof the spec-
trum, and this kind of plot often allows datafrom dif-
ferent assembliesto be comparedon a commonbasis.
Thisis demonstratedhereusingdatafrom Flattop-25and
Topsy. Note how the calculatedcentralratio for Bigten
alsofits into thiskind of plot.

Thesecalculatedresultsshow a slight hardeningof
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FIGURE 2. Comparisonof experimentalradiochemicaland
calculatedvalues for radial traversesin the Flattop-25 and
Topsyassemblies.Theratio of theU238(n,2n)reactionrateto
the U235 fission rate is plottedagainstthe ratio of the U238
fissionrateto theU235fissionratefor differentpositions(with
centralpositionsto theright andpositionsin thereflectorto the
left). Theabscissais ameasureof thehardnessof thespectrum
at thatposition.TheBigtenresultis computedat thecenterof
theassembly.

the neutronspectrumat the outer edgeof the reflector
(24cmfor Flattop,26cmfor Topsy))thatdoesn’t seemto
be supportedby the measurements.This might suggest
additionalpossibleimprovementsthatcouldbemadein
a futurenew evaluationfor U238.

THERMAL SOLUTION CRITICALS

With Release8 of ENDF/B-VI, it wasfelt that calcula-
tions of solutionsof highly-enricheduraniumwerebe-
ing handledvery well. The k-eff valuesweregood,and
the biasesin k-eff with parameterssuchas leakageor
above-thermal-fissionfraction that plaguedearlier ver-
sionsweregone.Whenthe new preVII evaluationsbe-
cameavailable,we carriedout a numberof calculations
to verify this feelingandto make surethat thenew data
don’t damagethe good level of agreementalreadyob-
tained.MCNP5 resultsare shown in Tables3, 4, and



TABLE 3. Low-LeakageNitrateSolutions

Assembly
Name Leakage

Release 8
k-eff C/E

preVII
k-eff C/E

HST042-1 .125 1.0013 1.0017
HST042-2 .128 .9999 1.0002
HST042-3 .071 1.0010 1.0009
HST042-5 .033 .9992 .9993
HST042-7 .026 1.0004 1.0006
HST042-8 .013 1.0012 1.0010
Average 1.0005 1.0006

TABLE 4. Mid-LeakageNitrateSolutions

Assembly
Name Leakage

Release 8
k-eff C/E

preVII
k-eff C/E

HST001-1 .450 .9996 .9996
HST001-2 .460 .9962 .9970
HST001-3 .448 1.0028 1.0031
HST001-4 .458 .9979 .9988
HST001-5 .384 1.0000 1.0002
HST001-6 .391 1.0032 1.0035
HST001-7 .449 .9983 .9997
HST001-8 .450 .9985 .9997
Average .9996 1.0000

5 with one-sigmastatisticalaccuraciesof about.0001,
.0003,and .0002,respectively. It is clear that both the
old andnew crosssectionsperform very well, and the
absenceof any biaswith leakageis demonstrated.

We then extendedour testing to include somelow-
enriched uranium solution criticals in order to test
whetherthe higherconcentrationof U238 would reveal
any new problems.The resultsin Tables6 and7 show
that both setsof crosssectionsperform very well for
theseassemblies,and thereis no evidenceof any bias
with respectto leakage.The one-sigmastatisticalerror
for thesecaseis about.0002.

THERMAL LATTICES

For many years,calculationsfor critical latticesof low-
enricheduranium oxide rods in water have shown a
substantialunderpredictionof k-eff. This is important,
becausetheseassembliesare prototypical of real nu-

TABLE 5. High-LeakageFluorideSolutions

Assembly
Name Leakage

Release 8
k-eff C/E

preVII
k-eff C/E

HST009-2 .469 1.0006 1.0005
HST009-3 .472 1.0001 1.0005
Average 1.0003 1.0005

TABLE 6. Unreflected Low-Enriched Uranium
SolutionExperiments

Assembly
Name Leakage

Release 8
k-eff C/E

preVII
k-eff C/E

LST007-1 .223 .9984 .9992
LST007-2 .208 1.000 1.0004
LST007-3 .192 .9971 .9980
LST007-4 .176 .9992 1.0004
LST021-1 .177 .9992 1.0000
LST021-2 .158 .9996 .9999
LST021-3 .132 .9983 .9989
LST021-4 .114 .9996 1.0000
Average .9989 .9996

TABLE 7. ReflectedLow-EnrichedUraniumSo-
lution Experiments

Assembly
Name Leakage

Release 8
k-eff C/E

preVII
k-eff C/E

LST004-1 .221 1.0001 1.0009
LST004-2 .205 1.0008 1.0018
LST004-3 .190 .9991 1.0002
LST020-1 .177 1.0000 1.0005
LST020-2 .158 .9997 1.0000
LST020-3 .131 .9987 .9990
LST020-4 .063 .9997 1.0004
Average .9997 1.0004

clearpowerreactors.Manufacturersandoperatorsof nu-
clear power systemshave had to resort to making ad-
justmentsin their proprietarydatalibraries to compen-
satefor this shortcomingin the evaluatednucleardata
libraries.Whenwe testedour new high-energy evalua-
tion for U238 againstsomethermal lattices,we saw a
significantimprovementin the resultsthat we credited
to the new inelasticscatteringtreatment.Later, whena
new preliminary evaluationof the U238 resonancepa-
rametersbecameavailable from Oak Ridge, we found
thatthecombinationof thetwo effectscameprettyclose
to removing theclassicalunderpredictionof k-eff. Table
8 gives resultsfor a seriesof lattice experimentsdone
in Japanwith variationsin the arrangementof the rods.
ThepreVII datagivek-eff valueswithin experimentaler-
ror and,asshown by thereductionin thescatter, alsore-
ducethebiasescomingfrom differentarrangements.The
one-sigmastatisticalerrorfor thesecalculationsis about
.00025.

In Tables9 and10, calculationsareshown for some
uranium-oxiderod latticesmeasuredin theUS.Theone-
sigma statistical error for thesecalculationsis about
.0002.Onceagain,the preVII dataprovidessubstantial
improvements,but thefinal resultsfor multiplicationare
still a little lower thanexperiment.

TheValducseriesof experimentsis French,andthey



TABLE 8. Low-Enriched (2.6wt%)
UraniumOxideandWaterLattices

Assembly
Name

Release 8
k-eff C/E

preVII
k-eff C/E

LCT006-1 .9925 .9985
LCT006-2 .9931 .9991
LCT006-3 .9930 .9990
LCT006-6 .9937 .9993
LCT006-7 .9929 .9991
LCT006-8 .9932 .9993
LCT006-9 .9938 .9990
LCT006-10 .9939 .9987
LCT006-11 .9942 .9995
LCT006-12 .9933 .9992
LCT006-13 .9935 .9992
LCT006-14 .9945 .9992
LCT006-15 .9948 .9993
LCT006-16 .9942 .9991
Average .9936 .9991
Std.Dev. .0007 .0003

TABLE 9. Low-Enriched (2.35wt%)
UraniumOxideandWaterLattices

Assembly
Name

Release 8
k-eff C/E

preVII
k-eff C/E

LCT001-1 .9951 .9992
LCT001-2 .9940 .9976
LCT001-3 .9937 .9974
LCT001-4 .9944 .9985
Average .9943 .9982

weredonewith a varietyof pin placementsin thelattice
leadingto a wide rangeof effective lattice pitch values.
The enrichmentfor thesepins was 4.74wt%.Table 11
showsthatmuchof theC/Edeviation is fixedby thepre-
VII crosssections,but in addition,the biaswith pin ar-
rangementisgreatlyreduced.Theresultsin Table12also
show someimprovement,but asfor theotherassemblies
with higherenrichmentvalues,theaveragek-eff for this
set is still a little low. The MCNP Valducmodelswere
providedby HarishHuria of Westinghouse.Thesewere
run to aone-sigmaaccuracy of about.00025.

The LCT lattice criticals studiedabove are smaller

TABLE 10. Low-Enriched(4.31wt%)
UraniumOxideandWaterLattices

Assembly
Name

Release 8
k-eff C/E

preVII
k-eff C/E

LCT002-1 .9938 .9973
LCT002-2 .9920 .9964
LCT002-3 .9941 .9983
LCT002-4 .9932 .9978
Average .9933 .9973

TABLE 11. ValducLCT007Lattices

Assembly
Name

Release 8
k-eff C/E

preVII
k-eff C/E

LCT007-1 .9914 .9974
LCT007-2 .9949 .9989
LCT007-4 .9964 .9981
Average .9942 .9981

TABLE 12. ValducLCT039Lattices

Assembly
Name

Release 8
k-eff C/E

preVII
k-eff C/E

LCT039-1 .9909 .9964
LCT039-2 .9925 .9975
LCT039-3 .9921 .9968
LCT039-4 .9907 .9959
LCT039-5 .9933 .9978
LCT039-7 .9947 .9966
LCT039-8 .9917 .9966
LCT039-9 .9921 .9963
LCT039-10 .9928 .9988
Average .9923 .9970

thanrealpowerreactorswith fewerrodsandhigherleak-
ages.They aretypically broughtto critical by adjusting
thewaterlevel, sothey areinherentlythreedimensional
(makingMonteCarlomethodspreferredfor gettinggood
results).In order to seehow the preVII crosssections
performwith somethingmorelike a real power reactor,
we analyzedthe Babcock&Wilcox XI-2 core (LCT008
case2 in the ICSB Handbook)with a large numberof
uraniumoxide rods.This assemblywasbroughtto crit-
ical usingboronconcentration,so it is well behavedfor
both2-D and3-D calculations.TheMCNP B&W model
wasprovidedby RussMostellerof LosAlamos.Wealso
constructeda full 3-D model for the TRX-1 assembly
basedon CSEWG specifications—thisassemblyused
764 uranium metal rods with 1.3wt% enrichmentand
aluminumcladdingin a triangulararrangement.A simi-
lar modelfor BAPL-1 has2173aluminum-claduranium-
oxide1.3wt%rods.Theresultsarein Table13.Theone-
sigmastatisticalaccuracy wasabout.0002for thesecal-
culations.Onceagain,thepreVII crosssectionsperform
fairly well.

TABLE 13. LargeLattices

Assembly
Name

Release 8
k-eff C/E

preVII
k-eff C/E

B&W XI-2 .9977 .9996
TRX-1 .9910 .9971
BAPL-1 .9964 1.0012



CONCLUSIONS

The proposedpreVII crosssectionsshow goodperfor-
mancefor fast critical assemblies(U233, U235, U238,
andPu239),thermaluraniumsolutioncriticals,andther-
mal lattices of uranium oxide rods. Some additional
smalladjustmentsareanticipatedbeforethefinal release
of ENDF/B-VII, but theseresultssuggestthat the new
library of evaluatednucleardatawill beasignificantim-
provementfor many importantapplications.
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