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BENCHMARK ASSEMBLIES OF THE LOS ALAMOS CRITICAL
ASSEMBLIES FACILITY

E. J. Dowdy
Los Alamos National Labaratory, Los Alamos, New Mexico, USA

Abstract Several critical assemblies of preclsely known matserials
composition and easily calculated and reproduclble geometries have
been constructed at tha Los Alamos Natlonal Laboratory. Some of
these machines, notably Jezebel, Flattop, Big Ten, and Godiva. have
been used as benchmark assemblies for the comparlson of the results of
ewporimental measurements and computation of certain nuclear
reactlon parameters. These experlments are used to validate both the
input nuclear data and the computational methods. The machines and
the applicatlons of those machines for integral nuclear data checks are
described.

INTRODUCTION

The Los Alamos Critical Assemblies Facllity (LACAF) comprises tnree
assembly buildings, called Kivas, and the machlnes within each one are
operated from a remote control room assoclatied with the respective Klva.
Experiments designed to valldate cornputational methods ana input data
sets for varlous configuratlons of fisslle, refiecting, and moderating materlals
considered for both millitary and clvillan applications are conducted. A
recounting of these actlvitles at Pajarlto Site Is available as Reference |.

MEASUREMENT QBIECTIVES

The measurement data sought from these assemblles for the purpose of val-
idatlon of calculations Include the prompt and delayed neutron responce, and
the cross sections of various materlals within the arsembly, Integrated over
the neutron enerqy spectrum. These data are usualiy obtalned as: spectral
indices, the ratios of flsslon rates of isotopes with significantly different
integral response, such as o(?**U)Voe(?2%U), of(22°Pu)/of(??%U) ard
ar(?*"Np)/op(2?%U); the Rousl-a at and near dolayed critlcal; the measure-
mont of poricds for small reactivity changes above delayed critical; the
moasurement of neutron popilation dieaway for large negative reactlvity
changas from dolayed critical, the central reactivity coefflclants of a wide
varlaty of materials, and the spatlal variation of the reactlvity coefficlents
of thesa materials; and tho difforontlal leakago radlation spectra,

The assemblies have been built with simple, clean gsometries, and with
high mechanical preclsion to guarantee reproduclbllity and have beon well
characterlzed so that they can be conslderad banchmark assembllos? for the
purp;nser of providing the experimental valldatlon of the computational
rosults.




ASSEMBL Y DESCRIPTION (See accompanying flgures)

GODIVA 1V is the latest in a line of unreflected enriched uranium metal
critical assemblias. The original spherical *"Lady Godiva™ was constiucted to
determine the critical mass and neutronic behavior of a 2?3%U unreflected
sphere, providing an accurate benchmark assembly. The cylindrical yeometry
was selected in the later Gediva machlnas, like Godiva IV, far structural
strength and reduced thermal shock when these machines were operated in
the fast burst mode.

JEZEBEL was constructed to determine the critical mass and neu-
tronic behavior of an unreflected sphere of delta-phase plutonium metal.
Jezebel has also been used to assemble unreflected metal spheres of 233U
and of pluionium with a significant 24°Pu enrichment (20%). Detalled
neutronics measuraments were made with each of these spheres. Compar-
leong of the measurement results from the three spheres provide a more
precise understanding of the neutronic behavlor of each of them separately.

FLATTOP 1Is an assembly consisting of a spherlcal core of either
uranium (93.2% 22% or 98.1% 223U)) or plutonium (5% 24°Pu) metal, and a
thick spherical natural uranium reflector. Flattop assembly spectra are
characteristically hard at the center and degraded in the reflector. This
position-varying neutron spectrurr 1is particularly useful for neutron
activation studles and reactlvity coefficlent measurements. Intercompar-
lsons with the results of the same measurements In the other benchmark
assemblies provide lntegral reaction rate information over a very broad range
of neutron energies. Jezebel and Godiva have hard spectra, Big Ten has an
Intermedlate spectrum, and Flattop has a spectrum that is position variable
from hard to Intermediate.

BIC TEN 1s a normally fueled version of a split table critical assembly
made of uranium metal. The core Is composed of a central section of homo-
geneous 10% enriched uranium enclosed In a reglon of alternating 93% en-
riched and natural uranium plates simulating an overall 10% enrichment. The
outer reflectar is dopleted uranlum. Tha central neutron spectrum is com-
parable to that of the Liquld Metal F ast Breeder Reactor so that verification
of crogs-section sets In Blg Ten would valldate them for LMFBR calcula-
tlons. The roaction rate comparisone for Blg Ten complement the same
comparlson for Jezebel, Godiva and Flattop, and together these form an
impressive integral test of cross-saction sets and computational mothods.

INTERCOMPARISON METHQDRS

1yplcally, ratlos of reactlon cross sectlons and ratlor of reactivity worths aro
meagsured and calculated bocause theso are more accurately obtalned than
the corresponding absolute values. As an axample* of theso, tha following
table gives the valuss of the criticality parameter, kgee, the ratlos of fiaslon
oross wections 287825, 37/f25, f49/125 and reactivity worths w20/w25,
vI3T/w25, wWai9/w2h for %8y (28), 2vvY (25), 2*"Np (37) and 23¥%y (49), for
Godiva, and for two experlmantal measuromont sets, one prior to 1981 and
ohe subsequont, and for two data fllos ULNDI /8 -V and E£NDI-/B-V Rovlulon 2,



LOS ALAMOS DATA TESTING RESULTS: 1981-1984
(Calculated/Experimentai C/E Ratics Only)

ENDF/B-V ENDF/B-V Revision 2
Agsembly 1981 Recalc. 83-84 193.’;—'(24
Parameter C/E New E Naw Pu
GODIVA
kaff 0.9987 0.9999
28/£25 1.037 1.037
f37/f25 1.064 1.044
f49/125 0.994 0.985 0.985
w28/w25 1.024 1.024
wia9/w25 1.020 1.019 1.011
CONCLUSION

The benchmark critical assemblies at the Los Alamos Critlcal Assemblias
Facility contlnue to provide the capabllity to validate cross-section sets by
comparing measured and calculated Integral reactlon rates in these assem-
blies, and for confirming the sultabllity of computational methads. Becauss
of the varlety of machines that are avallabie at the LACAF, and their
preclsion constructlon, these valldation experiments can provide a much
morea stringent test than would be possible with a single assembly. This can
be attributable to the differonzes In noutron spectrum In the different
machines, and the variation of gpectra even within a single machlne.
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