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EVALUATION ,$ND TESTING OF n + ~39Pu DATA FOR ENE3FB-V1 1% “riIE
keV AND MeV ENERGY REGION

P. G. Young WI R. E. M~cFarlane

Theoretical Diwsion, ~wV3B243
Lns Ahrrtos National L3bomtory

IAS Alwnos, New Mexico 87545, USA

_ A new analysis of neutrtm-mduced reactions on ~%1 above En = 20 keV was per-
tormcd as part of the evaluation acti~ity for Version VI of EN DF/B. This study merges
results from a new theoretical analysis of n + ~39Pu reactions with covarrance analyses O(
~xpefimen~ ~ta for the ~~gpu total and (n, t_)cross sections and for the prompt fission neutron
multiplicity, The results of this stud are combined with a new w-iidysls of the resolved md

~?un:esolvd resonance re ions of -j Pu to produce a new evalwmon spann!ng the Inclden[
.?neutron energy range 10- eV [0 20 MeV, Preliminary data testing calculations for several tJs[

critical assemblies were performed in ccsnjuncaon with the evaluation,

(Keywrj~s: ~39PI.1,neumon reactions, data evaluation, covarianCe ~dyS15, benchmark d31:~
lesting)

Significant new experimental data [i] for ‘3’@u became
avdabk in the keV and MeV neutron energy ranges sutcc
the previous update of the ENDF/B data base (ENDF/B -
V 2). Espccdlv important .rre new measurements of the
neutron total cross section. the (n.t-) cross section, and the
prompt fission neutron muhiplltvty ~P(En) Addition~ly. x
pan of the ENDF/B-VI standards evaluatmn, ik Crclss
Sect Ion Ev~luation Working Group’s Standards
Subcommntee released in 1987 a comprehensive covamnce
analysis [z] that mcorporatecf a large body of experimental
data in a simultaneous analysls of standards and rel~ted
cross section data. including measurements of the 239Pu(n,f)
cross section. To consolidate and incorporate the new ~3%
experimetld results as well m to check and update results
for the 23~Pu(n,!l cross section from (he simultaneous
stamtards analysis, we performed new cuvmancc analyses
of the atot, un~, and up(f%) data, mcludlng Conslderatlon of
uncerramties tmd correl~ttons within md among a variety of
experiments. The results were combuted with J recent
~nalvsls of the resolved and unresolved resonance
parameters for ~39Pu [3] and wl!h calculations of (n,n).
(n,n’), and (n,xn) reac!lons from J new theoretical
analysis, [41

The assembled evaluation was tested by calculating
several critical assemblies, mcludmg the Los Alamos fast
cti!lCilh JEZEBEL, JEZEBEL-PU, ar.d FLATTOP.PL’, and
the Argonne fast reactor critical 2pR-6fl.

For the ~~9Pu(n,t7 cross section, we inltiall y planned to
$imply ~dopt results from the simultaneous covarmrtce
imalysis of’ standards reactions for ENDF/B-VI. In addition
to the actual standards cross section meastmements, this
!horuugh ani~lysls Included “8U(r I, Y), 238 U(n.f), itmf
239Pu(11,0cross \ect Ions together with mterconnerxirtg ratio
,Iat,l Iloucver, !hc stamhrds anaiysls was completed
fwfore results tr(ml twl~ new rneasurem~nts of the
23~u(ti,t]/21f~J(n,tj cross ~cctl(~ll r:ltln were av ulable, [<,61
I%C new nlensurertrents #nd the 2‘VPu(n,f7 crow section
from the standards rmalysis were found to disagree above %
- b McV, M IS shown m Fig 1 Furthermore, it was
discrwered that use of the standardj ‘~%(nf) CrOSSsection
in isprclimrn~ version of the ENDF/B-W cvalwion $d to
an umferpredict!on of bfr by - I% in the JEZEBEL ‘l’)Pu
ba.rc $phere cmticrd assembly [7] Accordingly, it was decided
m perform * new covanmce analysis of the 23%r(n,t) ratio
and absolute crow .scction data, along wnh new analyses of
tIp( &) and the meutrrrn total cross secuorr of ‘3’%.
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Fig. 1. Com~anson uf tiNDF/B-Vf statidisrds cvdu.stmn ot
the -39 Pu(n, i) cross scctlon wl!h recent r~!io
measurements by Lisowskl et trl wrd Mcwfow$,
(onvrrte(f to absolute cross sections The (i(J[[Cd

curve connects the solld squares, whlc’h .Irc !Ilc
covanance analysis results from (I1c stmddrds
analysis.

Ail ~vwlab!c experimental data and s!.andard wevIatlI Ils
were included m the analy~es, [ I ] Where nc~e~~ii~, tlIc v
P(l%) and unf data were convened to EN CJF/B-V! ,ttildmis
prior to the analyses Apprnxlmate c{mel~tmu mtlmccs were
constructed bas:d on the detads of the VMIOUScxpcrtmcrr[s.
In the caqe of *39 Pu(n,t7 cross ~ectwn, separistc ,malyses
were performed of the absolute cross sect~on dat~ Jnd ot !he
cross sectton ratio data relative to 233(: :,,,1,,,1 :\ll
covimtrrce analyses were pcrtorrncd using the B.Iy I u)
it~tdysl~ code GLUCS [8]

Resuhs from the covariancc Analysis of the : “}}’llt II !)/
~~?’(J(n fi ratio data (Iabeled ENDF/B-vI) wc c(~ttlf?tllCti t~~.!

sampling of experurtental data m Fig, 2, mcludtng the newer
lrl,e~surcmcnts,[$,hl In Fig, 3 the final EN DF/B-~’I rcwilt~
for the ~3%(n,f7 cross sectmrr we comporetf to EN DFI’B -V,
‘,rrgether with results of ttw present and the itan(ltlrds
;OVIMIltrtCCanalyses. N~NCthat the two ~oviill(ltl~~ ,uIiIl\ SC’

itnd ‘!! :w uncertainties Jre qultc cunslstcnt ill Ilclllrl}ll
energies below -6 MeV At higher cncrgw~ the tww
ttnalysis lies above the standards valuc$ due II) mtlucm c ~)t
the new mcwsrcmcrtts I ?,6J
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Fig 2. Evidusted and measured neutron -rrduced 239Pu(n,tY
~~~U(n,f_) ti~slon cr,)ss section ratio from 20 keV to
20 MeV The soid circles are the results of the
LANL cov;uiancc anidysls, and the curve Is the
ENDF/B-W cvaluution. A small selecuon of exper-
imental data IScompared,

Tfle ~~”r u neutron told cross section that resulted from
the present covarrarrce analysis rs compa.rtd tc ENDF/B-V 2
in Fig. 4 Simslarly, results from the u (En) cov~larrce
,ultiysls arc ‘;wen in Fig 5 along with INDFIB-’J2 ~d W+
i(jrtcd experlmenud datis, Much of the available data were
me~sured relative to L; fri 2f~Cf, ~d the datii showo have
twc,~ corrected for the ENDF/B-V1 strir.danl.
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TO ~:egm tcstmg the new evidtr~tion$ in ENDF/??-VI,

prelmlin;lry cidculinlons we, e mw!~ of severul fast Critical
cxpcnrrmnts that itre ENDFIB herwhmiuks. [T] Resul?s are
present ;d here for the bare urwuum and plutonium spheres
(;(.)DI”, \ iuld JEzEBEL, the “dirty” plutonium sphere
JEZEBEL-PU, the urar.lum-rctletxed piutonlutn $phcrc
FLA’TTOP-PU, and Iiqud-me!al t’ust hrecdcr reactor hench-
m,rrk ZPR-6/7 Homogeneous, one-dimensional, spherical
caldauons were made using tr,ansporr theoq for the small
assemblies and diffusion theory f’or ZPR.b/7 Eighty -group
crow section lbrarms were Kenerated fol these cdculatwrw
uwng the NJOY nuclear datn proces.swtg systcrv. ,Q]
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Results of’ these preliminary cidculatwns of the mtcgra[
~scmblies are gwen m Tiiblc 1 Dranrinlc ch~gc$ .~renot
seen in the calculated ~ff cigenvalues ,mLi rcil(’tl(~n r.lte

ristlos, although some improvements over EtNDF,03. V ..m he
noted. ~ff IS sllghtly Improved tor three \II the IIWI : “’I)U
;~s<emh]ies shown, and there ,Ippcisrs to he J wn.111
improvement m the reactmn ratws gencr,llly A m(~rc
noticeable un rovement IS seen m comparing the : ‘x( “,J1<(’

fitnd ~\7Np/2 SU fission reaction r;ltlos for GOl)l VA M](1
JEZEBEL in partlcuhu, the ;Lsymmet~ or l~IJS lwt~ectl tIIC
235[! ~d 2J~u aq,~mlllles that Ww (lpPMCllt W’lth l:.?il )l:~il .

V Ilbrimes nppenrs to he reduced, f)verdl, the calLul, ItIIuIs
indicate somewhat grcister consistency iut~(~tl~ the Itltrulitl
citlculallons with EN DF/B-Vl Ilhrarles thnn WNS!I)c ~,isc
with ENDF/B-V
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4. ,Mcasured and evaluated neutron total cross section
of ~%hs from 30 keV to 20 MeV The solid curve
is ENDF/B-VI, based on the present covariance
analysls, and the dashed cutwe is the ENDF/B-V
evaluation Only a selrction of espenmental data
are shown
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Comparison of evaluated t’ (Eo) for n + ~Wu reJIc-
!(ions between 100 CV and O MeV with II uelection

~)f experimental data,

Table 1. Prehrm.nary Critical Assembly P. ~“orm.m~e
Pwmeters for 2J9Pu,

P3ramete# ENDF/B-V.2b ENDF/f3-Vi5 .A,wmbl>
—.

kerf 0.9990 99980
f?R/lf25 1,037 0971
fJ7/f2s 1.043 0.960
pt9/f25 ().985 0.976
f23/f2s 9.986 1,000

0.9982 09+88
p?;s 0.Q61 0975
f37Jf25 0979 ().969

?$~lw 0.966 0,975
f23;f25 0.985 1.000

kff 09918 0,9916
f28/f25 0.954 0,969
f17/f25 1.009 0998

1.0064 1.0069
{.$;5 Og:t 0983
f37/f25 1.000 0985

kff 0.9857 0.9935
f28/f49 1.045 I 055
f2s/f49 1.009 1.:)34
~28/@9 I 106 I ,079

(Y3DIV,A

JEZEBEL

JEZEBEL-P(’

FL.\lTOPPL”

Zpll-h,?

lRauos are calculated result divided by cspermwru;d rciulr

~ransport-cormcted P3Slb.
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Experimental data available from the CSISRS ;tJmpll,I-
!iwt by the National Nuclear Data Center, Bro{)hlldven
National Laboratory.
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