Subgroup 5G10 on "Inelastic Scattering Cross—-Sections
of Fission Product Nuclides”

Subgroup members:
M. Kawai{coordinator) (Toshiba)
H. Gruppelaar (mouitory (ECN)
A. Hogenbirk {ECN}
AB. Smith (ANL)
B. Schenter (HEDL}
R.Q. Wright (QRNL)
P.G. Young (LANL)
Y. Makajima (JAERD
T. Makagawa {JAERI)
3. Chiba (JAERID
T. Watanabe (Kawasaki Heavy Industry)
A, Zukeran (Hitachi)

Objective:

To write a status report on inelastic scattering cross—sections including a graphical
intercomparison between available experimental data and recent evaluations for fission
product nuclei {e.z. Ru, Pd isotopes and for Nd and Sm isotopes) which show ancmalous
behavior, as Dr. Gruppelaar reported in his integral tests on the reactivity worth measured at
STEK.

To obtain s recommendation on methods and model parameters for evaluation of the
ineiastic scattering cross sections of fission product nucled.

Scope of the activities of the subgroup:
{1} Priority and goal:
Priority 1 ~~~ Zr, Mo, Pd and Nd,
Priority 2 ~~— others.{(Ru, Cd, Ba, Ce, Sm and so on).

The jobr for the nuclides listed as Prionity 1 is expected to be finished before the NEANSC
Specialists’ Meeting on Fission Product Muclear Data on May 25 - 27, 1992 at Tokai, and
that for Priority 2 within one year.

{2} Status review of the inelastic scatiering cross—sections

~ Graphical intercomparison between available experimental das and the evaluated data on
intal, nonelastic and inelastic scaltering cross sections as well as level excitation functions
{Makagawa, Kawai and collsborators in INDC FPND Working Group)

~ Review of the cvaluated data in JEF-2, ENDF/B-VI and JENDL~3 (Gruppelaar,

chenter, Wright and Kawai)

- Review of available measurements (Smith}.

{3} Examination of the nuclear models and their parameters
~ Status review on the models and parameters used im the recent evaluation for
JEF-2, ENDF/B~VI and JENDL~3 (Gruppelaar, Hogenbirk, Schenter, Young, Nakajima and
{Chiba}
The above members must make a review of their own evaluation and exchange it



berween  ecach other. This group will hopefully make a recommendation  of the nuclear
model parameters at the NEANSC Specialists’ Mesting.

(4} Integral test by analyzing sample worth measured in the STEK reactor

- Integral test of JENDIL~3 for the STEK experiments {Watanaabe, Zukeran and
collaborators in INDC FPND Working Group). Sensitivity study will clarify the importance
of inclastic scattering cross sections to the scattering components of sample rzactivity,
Reevaluation of the neutron and adjoint spectra with neutronics calculation will be made in
order to soive problems which probably come from ambiguities of the spectrs of the adjusted
27~-group spectrum reported in the ECN-33 report a8 well as uncertainties of the inclastic.
scattering cross sections.

— Review the results of the infggral tests made for JENDL-3, JEF and ENDF/B-VI
{(Gruppelaar, Hogenbirk, Wright, Watanabe and Zukeran}. ’

Present status of activities:
(1} Status review of the evaluated data:

~ Graphical intercomparison between available expenimental data and the evaluated data of
JENDL~3, JEF-2 and ENDF/B-VL '

The graphs of the evaluated data of total and inclastic scattering cross sections for
the nuciides with the first priority were prepared by Nakagawa and distributed to Gruppelaar,
Schenter, Young, Wright and Japanese members in January 1992 {(as shown in Figs. 1-4 for
example of Pd-106). ,

The graphs of level excitation functions were prepared by Nakagawa, Makajima, Chiba and
Sugi (TAERI} and sent to the members in the middle of February (See Fig, 5 for Mo-96).

- Review of the evaluated data

Review work of the evaluated data is in progress. First, evaluation method & checked
through the comment files (MF=1}. Intercomparison of thermal values, resonance integrals
and 30-keV Maxwellian average cross sections is made by Nakagaws and Kawal for
capture Cross section.

Brief comparison of the evaluated level excitation functions with the experimental data
was made by Nakajima, Chiba and Kawai for the nuclides of the brst prority, although
selection of the experimental data was needed for the serious comparison. The results
obtained so far are summarized in Table 1.

Wright clarified the evaluation of ENDF/B~VI and its revision schedule.

{2} Review of the measurements.

Review of the sxperimental data of the inclastic scattering cross section is important to
determine the nuclear model parameters. It is left to Smith. As 2 resuly, reconunendation of
select data will be made and sent to Gruppelaar, Schenter, Young, Makajima. He sent Kawali
the letter telling that clastic angular distributions of neuwons for many nuclides in
ENDE/B-VI are isofropic.

{3} Examination of the nuclear models and their pavameters

- Status review on the models and parameters used in the recent evaluations is being made
by Gruppelaar and Hogenbirk for JEF-2, Schenter, Wright and Young for ENDF/B-VI,
Nakajima and Chiba for JENDL-3.

- Diirect inelastic scattering cross sectipns for even mass isotopes of Zr, Mo and Nd were
estimated by Nakajima, Chiba and collaborators of INRC FPND WG with the distorted wave
Bomn approximation, using nuclear model parameters employed to the JENDL-3 evaluation.




~

{See an example of Mo-96 in Fig. 5). Hogenbirk also investigates the cross sections of Pd
isntopes.

~ Some recommendation s expected for the nuclear models and their parameters in the
NEANSC Specialists’ Mezting.
4y Integral test by analyzing sample worth méasured in the STEK reactor

- The integral test for the STEK experiments is made by Japanese members for JENDL~3.
Al the first stage, sample worth was calculated by using spectra which were reporied in the
report BON-35. The results were compared with the experimental data at STEX and those
at EBR~II and CFRMF for capture reaction. Systematic discrepancy was observed betwesn
the STEK measurements and the calculations with JENDL-3 for weak absorber nuclel, It
could be atiributed to the underestimation of the scattering components of worth: the origins
of the undergstimation are lkely to be ambiguities in the neutron and adjoint spectra, and
uncertaintics of inclastic scattering cross sections.

~ At the second stage, recvaluation of the neutron and adjoint spectra with neutronics
caleulation is made according to the STEXK data, which are not completely sufficient 1o make
a rigorous model and the detailéd analyses. The typical results were sent 1o ECN and ORNL.
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Txitation Curves with the Experimental Dats.

7r-90: JENDL-3 underestlmtes the [lrst two levels and agrees well
with the experimental data for the other levels. Addition aof
dirert inelastic contributicn 1Is expected to reduca the
discrepancy. JEF-2 is cluss 1o JENDL-3. ENBF/B~VI
gverestipmates the cross sectlsns for the fourth lavel.

7r-921 Undsrestimation ls ohesrved for most levels in the JEEDL-3
and JEF-2 evaluablosn. ENDF/B-VI gives better rasults.

7r-94: JENDL-2 gives slightly low hut rgnerﬁlly good results., JEP-2
iz close to JENDL-3. ENDE/B-VI I3 too large.

7r-28: There is no experimental data. Large discrepancy is observed

betwesn JENDL-3 and ENDF/B-VI. For the third level of JENDL~

3 upreassoble dip is observed at 2.3 MeV.

Mo-82: JEF-2 glx o5 gond agreement for the second level, but It givaes
the same excitafion curves as Ni=82 and 53. JEWDL-3 siightly
andersstimates the cross sectlons and improvement is expeuted
by addlng direct imelasic scatle ring comntribution.

Mo-94: The experimental data are given paly Por the first level.
Three avaluatiuen files glve anderestimation for this level.
CHNDF/B-¥1 and JEF data make 2 triangie shaps because of fevw
pnergy points. Higher excitation levals {-Q »2 MeV} of JENDL~
9 differss much from thoss of ENDF/B-VI and JEF-Z.

Mo-96: JENDL-3 agrees well with the experimental data, exeept for
the first and sscond lsvels., whose sxcltation cross sections
are siightly undersstimated and exgecﬁeé to be improv ed by

A

e

sdding direct imelastic scattering componsnis.

JEF-2 and ENDF/B-VI show a friangle shape and disagree with
the expar;meutai data. In thess fwo flles, levei/missi“g is
observed. '

Mo-98: ENDE/B-VI glves no data. JENDL-3 underestisate the cross
sections for ihe first three levels. These undersstimaticn
may be racoversd by addling direct lnelastic scattering
contrivutions. JEF-2 is beftsr than JENDL~3 for thess levels.

Mo-100: JENDL-3 underestimste the cross sectlons for the first thres
jevels. These undersstimation is expécted to be recoversd by
adding direct inelastie seattering contributions.

‘JEF-2 ls close to JEEDL-3 but has an teyel which can not be
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¢ experimantal data are reported for natural paradlum from
A¥L. They contalas the contribution of odd mass nucildas.

The three evaluated files gmnerally underestimate the cross
section in the threashold regicn, which might be atiridb utabie
to  small sactlion oross sentiopms. JENDL-3 includes
contr Wuti nz from the direct process.

Nd-142: E?verA“engw; data are glven only for the first lavel. JERDL-
3 nges good results. JEF-2 and ENDRF/B-VI u underastimate the
Cross szthc"s

¥d-144: JENDL-3 agres well with the experimental data for the first
level. Undersstimation ls obszrved in ENDF/B-VI and JEF-Z in
the highey emergy but Is szxpected To be overcomed by adding
the direct inelastic scattering contributlon

Nd-146: JENDL-2 1is good for the flrst level. but sngmzyander--

| estimates the exitation feor the sscond to sixth levels,
ENDF/B-V1 gives the first two level excitations. The curvas
show o triaugle shape and pass along the gxgerimental data.
JEF-2 is lewer than the exparimental data,

‘Hd~148:; JENDL-3 is good, JEF-2 rives a strange shaped curve.
Underestimation of ENDF/B-VI probably arlzes fron tack of the
contribution of direct inslastic scattering.

Nd-150: JESDL-3 and EMDF/B-1V underestimate the peak of tha first
level excltaticn. For the second level, the data of Kaouat. at
7 MeV might suggest very largs contribution of dlirect
inslastic scattering. JEF-2 shows the same behablor as
ENDF/B-VI. For the third and fifth level, zood agreement lis
observed in the three data flles.

[

N.B. JENDL-3 for N4 isotopes contalns econtribution of dirsct

inelastic scattering.
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