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Within the fiamewmk of the SWG17 ben&ma& tJftJ-byaw*Partyof 
theNuclearSoienceCommkwofcbeNuclear~Agency,acumpari~of 
lumpcdor~~6~prod~crosaaectionsPoafartlaadorsbbecnmadc. 
Four institlltiotls pardcipated with duta libraries based on the 3BF2.a EAl7-4.2, 
BROND-2, FONDL-2.1, ADL-3 and JENDL-3.2 evahuted nuclear data files. 

Severaipanwwushavebeencomparedwitheachothez thevne-grvupcross 
sactionsaadreactivitywortheofth?lmnpednnclideforsevcralprrrtirrlabs~ti~ 
ulld scattering cross sectivns, and the one-group cross sections of the individual 
flssivn products. Also gfuphs vf tls multi-gzQup crvss sectivns of the lumped 
nuciide have been LxBnpmi 

Fromtwo~~~onsbaaulon~~itcanbeconcludedthatthe~procesrr- 
ing~~~thecagturecrnsssectiongY~ut1%andtheinelasticsclutering 
cross section by 2%. The diffbrencea between the lumped cross sections of the 
dii dam libraries am surprisingly smdk muximum 6% for cap- and 9% 
fortheiRela&ic scattering. simiIaYre&s areobtahKd~themactivityeffccts. 
Since the muctivity woith of the lumped nudide is dvminated by the capture 
wcti~b maximum6pteadinthttotalresctivitytrsopthis~lonfy5.5%. 

The one-grvup capture and in&l& scattaring cross sections of most vf the 
importaatiadivIduaIfissirmp~uctsdiffabylessttttn1o4b(ro6tmean~ 
values), For the (n,2n) group cross s&ions, which are rather sensitive to the 
weighting spectrum in the fast energy rauge, these differewes are s$veral tens of 
pacants. 

The final coaclusion is that the present status of hlmpexi nucw cross sections fw 
fast wtors is satisfactary, although some imprvvements are possible as indicated 
inthisrepolt 
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1.INTFzODUCTlON 

‘lbisreportsumm&estberesultsoftheSubworl@tGroup 17(SWG17)ofthe 
W~partyanBvaluadon~wdiaation(wp&c)of~NuclearBnegyAgtncy 
(NW) of the Organiwtkm for Bconomic DeMopment (OECD) at Paris. The 
objectiw of SWC317 was to invea@@ the status of t&ion-product m section 
evaluations for f&t reactor applications by means of comparison of the Iumped 
flssion~~sctsiafastpo~~~.1I#:&~ti~oftheactivitiesofthe 
sabgraupwas~b~atthc~y1995meetingoftbewpBcatparis. The 
baclqpoandwasthat~~~develapmantoffastpawer~torswith~ended 
humup the t-eahvll e&ct of fissiou products need to be known preferably with 
anuncemMyofabout5%(1~). 

Anunc~~of596hrthsnactivitye~~atatheasmall~~conrprrred 
to the actual uncer&inty in the cross sections (averaged over a hst-reactor flux 
spectrum) of the individual fission products. However, since the reactivity effect 
is composed of a very large number of contributions of individual fis&m products, 
canccilationdawmr~yoccur,~toa~U~unoertaintyinthcl~ 

effiza This could be true for statistical errors, but not for errors of-systematic 
nature. Since for the bulk of the fission products there are only few experimen- 
tal data available in the fiat energy range, moat evaluated data rely heavily on 
calculations, with adjustments to available dil&untial or in some case8 integral 
data. For the radiative capture crossaectlons the Hauser-Peabbach theory with 
width-fluctuation correction is used ko alI t?ydwtions; a small systematic error 
could result fkom diffemnt formillisms used for the width fluctuation correction 
and global (optical4nodel) patamctrieations. However, in general local system- 
atics were used for the parametrlzatian, reduciig the t&&s of systematic errors. 
Also born exp&mental data adjustment a small systematic error could result. A 
rather small wntribution mults for (n,p) and (no) reactions. It is believed that 
altoge&er the tsystematic tmatah@ in the lumped captute e&&t is below 5%. 

Anotherco~oftberea&ityeffkctof&tpowerreactorsisduetoelaatic 
andparticulatlyinelasticscattuing. InthiacasetheimpoMntcontributions(10to 
15%) to the total reactivity effect tesult from the lowest levels excited by inelastic 
scattehg. Here only few measuremcuts exist and the evahu3tions are in general 
hasedqonHause+Pcabbmchtbeory wlthwidthfluctuationcorrectlon. Therehas 
beea some concern that in most evahdm a spherical optical model was used 
and that direct excitation was neglected, Since it is known that for many n&ides 
in the fiesion-product mass range direct excitation cannot be neglect& at high 
energics,Itwas~tedthatalsoatlower~Bomeeffectcouldbbsten. 
Early y-ray mersureaMatsof (&Il’) reactions and integraln3activity meas~nlents 
also indicated that the current evaluationa were in general too low at low energies. 
Another subgroup (SWG IO) deals with time questions and new measmmera 
wctumade,eg,forPdandMoisotopes. Meanwhikitiscleartbatlntheearly 
evaluations of some fission products the cross se!ctions far the excitation of low- 
lying states were too low. However the neglect of direct-collective cross section 
for the excitation of low-lying states. However the neglect of direct-collective 
effiectswasnatthenasonforthetoolowvafuesatlowe~;~~mezely 
due to tbe opt&xl-mode1 pmamctrization. A coupkd channels optical model 
generally showed the best results. At higher energies these effects however am 
impomllt. rile expectatiou was tllat altogether the uncertainty in the lumped 
inelasticscaFteriagrcactivity~tcouldbelargetthanthecarreapondingc~ 
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effect. A Ague of 3096 would not be surprising. 

A comparison of 1mnpexI &ion-product capture cross ae&ons based upon dif- 
fersntaucleardaul~~sholrldraverla~intbbdaCafrcnn~hperholps 
someaonchrsionscauldbedtbwaabouttht~~andaboutthepodsible 
need to enhance evaluation cflkts. An hqxntant condition is that the diff* 
entlibfarkareindependenL TbisisnotcompleteIytrue,siuc8thesamebasic 
methodologyandofkUhess.meexperhn8ntaldatawereused. AIsoiusomc 
cas0sdatafwcmelibralywereddoptcdiflanothcr~~. Howeverthereare 
somenotablcdiB’cesbetwcenthccwal~ons. Fit ofall,ditevaluators 
have used dierent paramctrlzatlons and in some evaluations mom recent data 
havelxenusedthaninothars. Asanexamph%cheJEF-2220nproductfuehas 
been adjusted to integral data, the JFJNDL-3 data file has undergoneextensive~- 
eval~n with recent data, me BRGND-2 file is another 8ouICc of indcpendcnt 
data. Furthumom, new activation fik like EAF-4.2 and ADL3 have been issued 
recently with emphasis on ra&tivc capture and other chargcd-particlc emission 
reactioll cross sections. These Lww activstion files ale vely con@?&, since they 
contain vixtudly all fission-pmduct cross sectious. Altoge&cr it is behvcd chat 
the outcome ofan comparison could yield vtible indicatious with regard to the 
status of and uncertainty of the hunpcd fission-product &ect in fast reactors. 

Thedote, a computational belldm&wasdeflnedwhareparticipancswereasked 
to calculate pseudo fission-product cross sections, using their own multigroup 
structure and given concentrations for the fissile nuclidc =%I. A micro flux 
wcigbcing specmmh typical for a fast powerreactor has been suppIiqd pointwise, 
butawasnotsaictlynecessarytouseitforthegansntionofrmuldgrbupconetants, 
to avoid large amounts of work+ The participant could also use its own lii 
with a probably d&rent weighting apectmm. Hownver, the weighting spectrum 
was obligatory far the condensation to one-group cross sections. In a later phase 
also a pointwise adjoint flux spcctntm was spccifkd to sllow far reactivity worth 
calculations. The results quested WcJrc multi-group pacudo cross sactlons, 
one-group pseudo cross bx&.ions and reactivity worths, mainly for capture and 
inelastic !3txtm&. For fiuther intelpretation also the on0-group cross sections of 
tfaaindividurlfisaioaproductsweje~~.Andata~saarytoperfomrthc 
~~arr,includedin~~ort.Almostau~sultsareieproducad, 

a . 
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2.BENCHlMARKDESCRZPTION 

Tlralump6dorpseudotission-prodisctuclidesccormts~thancubroaa~tion 
and scattuhg of alI the individual fission products present in the spent fueI due 
tothefissIonhlgofoneactinideatom. lllr3e~tIveyieIdsoftheindIviduai 
fission products are given in Appendix A for five diikent actinide atoms. La the 
~~~thsyieldsof~pu~u8edk)calc~~thecrosgsecti~ofthe 
hunpednucIide-gto: 

whffe~isthee&ctiveriddmoo~tionoffi~ionproductnando;“isthe 
one-group microscopk cross section of that fission product for reaction type x. 
ThayisMsofallthefissionpIoductss~ifIedinAppeodixAsumto2. Ifthe 
con~~dsomtAssion~ueomittedfromthesumintquation21, 
eg. due to lack of cross sections, the participant should specify the resulting sum 
of yblds iu his cakulations. The ems section of the individual fission product n 
inc.quation2.liswelghtedoverthetotalemrgyrangeby: * 

with as the flne-group neutron spectnm This function had to be derived by 
liuear interpoIation (Win) f&m the pointwise neutron spectmm pm&d in the 
ben&~rkdescripb;on(se4~21sndA.ppe~ixB). Forscattarirrgcross 
sect.ions, equation 2.2 reads: 

(24) 
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3. PARTXCIPANTS 

e 

0 

3.1 cm 
The c~hution of the Commissariat B 1’Enesgi6 Atomique (CEA) is hased on a 
fine-group vershm of the JBF2.2 evaluatednuclear data file. The otuqroup cross 
sections and the comspondixIg nxtctivity worth8 of 80 individual fission products 
have hem calculated as well as the one%roup cm88 sections and mtctivity wo&s 
of the lumped nuclide. The sum of yields of al1 the 80 fission products equals 
1.90933. 

3.2 EC!N 
The Netherlands Ebqy Research Foundation (EN) contributed rt?sults based 
on ths JEp-2.2 evaluated nuclear data tilt and the W-4.2 activation tie. The 
fust-e file contains data for clast.k and inelastic s&teriug and partial 
activation ems sections, the second one coMains only parthI activation and 
txansmutation cross sccti~. The radiative capture cross sccticrns in EAF-4.2 for 
the impoxtant fission product nuclides have been adopted from the m-2.2 file. 

A fine-group library in XMAS structure (132 groups) is used, weighted with a 
themal reactor spccmnn and hased on the m-2.2 CM nuclear data tile. It 
coutains the cross se&us of 155 individual fission products with a sum of yields 
of 1.99936. From this library, one~group cross sections of all individual fission 
products were calculated as well as the fine+group cross sections aud scattering 
matrices of the hlmpcd llucli& ThW? were subsequently used to calculate the 
one-group cross sections and the reactivity worths of the lumped nuciide. 

The e&e~ive ELW-4.2 file was used for comparison and to calculate the infiucnce 
of the weighting spe4%utn used in the preparation of the fine-group data library. 
Themfm, two fine-pup li&aries were made with diEbent wcightbg spectra: 
out based oa a thermal reactor spectrum (Maxwe&an, l/I3 and fission spectrum) 
andrmebasedonthe~reactotspbc~spec~ediathebenchmarfG The 
fiwup moss sections of all individual fission products wem used to calculate 
the finegroup cross sections of the lumped nuclii, which were subsequently 
condensed to oue group. 

3.3 IPPE 
nKdeaiffibnantcontribvtionsoftbaInstihrteofphysicspowerEoginsGaiag@spE) 
wans~ivedbasadoali~sfrom~BROND-2,thbFONPZ.l,andtheADL 
3 evaluated nuclatr data files, The BROW2 file containa original evaluations 
made in Russia. ‘Ib general puqosc POND-2.1 file contains BROND-2, but 
hsshcenemdedwithothezeva~ TheADL-3lileisauextendedacti- 
vat&/transmutation library. The BROND-2 library coutains only 49 of the 162 
requested fission products with a total cumulative yield of 1.3689; the extensive 
FOND-2.1 and ADG3 librak contain all 162 nuclides. For this reason, not all 
the BROND-2 results a~ reported here. 
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Status of pseudo Passion-product cross sections for fast reactors Results of the SWG17 

Ton>~~softhe~o~2and~~21li~~usadFrrst,~~ 
finqroup veraions with 299 energy groups we4e used to calculate the one-group 
(n,y)crac#rsecti~softhshrdividualfissi~products~~~~~~~ 
group (n,y ) cross section and the cofmqondingreactMy~ofthelumped 
mdide. 23emdy, broad-group Iibrarka with 28 energy groups condensed with 
a standard weighting spectrum (not the one specif& in this benchmark) were 
wedtocxllca%the(n,y)crolsesectionandtheconesponcllng Itactivity worth 
ofthelumpdd~~~,~awl~itywotthductoiaelasticsc~g(~ 
inebtic acatterriag matrix in this FONS2.1 Iibrary coat&s the contrihutious of 
125 IndIviiual bsiotl prod&s with a sum of yields of 1.9340). The broad-grTJup 
FOND-24 librarywasalsousedtoc&ulatetheone-gruupradiatIvecapturecross 
scc~~ofthehrmpednuclidaTbiscrogss~~~~about1%fromthe~ 
group croa8 seCtiOn - by the line-group version of the FOND-z.1 librfuy 
andisomittedfromthecaqa&oninthisreport. 

3.4 Jmc 
JNDC is a joint tzdxlaihution of Kawaraki Heavy -, Mitachi, 7lJshiba 
Corpomdon ad the Japan Atomic Energy Research Institute. “lb0 ~tributions 
w8rem5ceiv& aeabasadona70-groupIihnuyprocessedfkomtbeJEND~3~ 
tmhated nuckar data tile and one had on a 73-group library. In beth m a 
typicalPBRspectnrmwasusbdfarthc,microfluxweigErtiagbythsTIMScode. 
The JENDL-32 file contains 140 fission pmducts of the 162 mquested ones (see 
AppendixA)wi&asumofybkisof 1.99714 

Secondty,a73-groupdatallbFarywasmadebolsadanthc70groupdatalibrary 
~~threeenergygroupsaddedintheronge,bttwtenlOand19.64MeV.From 
this Wary, one-group cross mctlone were made for all reaction6 oxccpt the 
partial inelastic scattering ones. Also the Inc-group cross sections, the oneqmp 
cross sections and the conespond@ mactivity wmths of the lumped nuclide 
wee cakulated. From the view point of nuckar data evabtion, this lii has 
pI-&WlCB. 
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4, RESULTS LUMPED NUCLIDE 

4s clrl*group cross sectiorls 
The one-group cross se&m of the pseudo fission products are given in Tkble 4.1 
fbr the da&c i9caUhg (MT-Z), iaeh~tic scattering (MT-4, (IL&) (MT-M), 
~ativecaphne~~102),(ng)~~103)and(t2ar)(MT~107)processes. ‘ihe 
IatcolumnofthetabIecontalnsthemaximumsprtad. Firstwediscusstbe 
hpatantcapture and inelastic scattering cross sections. The maximum spread 
is about 6% for capture and about 9% ti inelastic scattering. The highest values 
are for JEF-2.2 and rather low Mues for JENDL-3.2. Also the total and elastic 
scattering cxoss sections arc relatively low in JENDL-3.2. Possibly tbe optical 
model parametxizatitms were quite dif&enL For (n&0, (n& and (n& there are 
large discrepancies. ‘This has probabIy to do with the f’act that these threshold 
~s~o~showas~rise~~fislsianspectnun&eclines~~. Since 
the shapeofthc cross sectian is rather uncertain, this is reflected in the one-group 
cross section. it is noted that weigtbing spectrum diEcrence8 as well as group 
smdiff may play a role, cf section 44 The contributions of the (n,p) 
ad (np) twctiotts to the total absorption cross section can be negekcted. The 
conclusion is that the 6% maximum spread in the capture cross seems reasonabIe 
whereas the 9% spread in tbe klastic cross section is smaller than expected. 

4.2 Reactivity work 
txmqdhg table fbr the reactivity eflbcts is given in table 4.2. It is noted 

that the reactivity effeota are given here with a normaUtion that is different from 
common practice. Thus absohtc vahus have no meaning. On the avemge tbe 
total reactivity efkct con&s XULMY of the radiative capture effect with a 10% 
contribution of ine1ast.k scat&zing and very smfdl contributions from tbe other 
components (less than 1%). Due to the fact that inelastic scattering cannot bc 
calculated from the activation files a full comparison is only available for JEF-2.2 
andJBNDL31The- dihce~ in the U&I reactivity is 5.5% and in 
the capture and Mastic scattering components 5.g% and 4.846, respectively. 
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IPPE 

Averagef 

Fhx” 2 4 16 102 I03 107 Total 
(b) 09 (mb) 04 WI WI 04 

JEp2.2‘ 152 u590 UJ71 I6.# 
m-22 T 15.2 0.577 1.23 0.577 12.5 4.4 16.4 
EMF-4.2c T I.44 0570 Ji.8 11.3 Id.4 
EAF-4.P F 1.57 056.5 121 11.5 
JENDL-3.2 F 14.4 0.531 1.12 0.546 15.9 
BROND-2’ 0.425 0.64 0.499 
FKWD2.1 0.527 0.78 0.578 128 532 
A-ix-3 0.92 0.544 7.5 6.73 

14.8 0.545 1.14 0.561 11.1 7.8 15.9 
hlaxdk(%) 5.4 9.0 70 5.9 41 91 5.7 

a ~fluxweishtings~~(Tietheamal,Fis~treactorwslghting). 
’ Not used for averageto avoid double counting of fEp-22 values. 
cNotusedfopavLveQIL8t;u&bd~~t~cfpectbfthtmicru,Bux~ightine. 
d (n,y) cross sectim not used fix average becau6e of mlation with JEF-2.2. 
* Not used far averagebecauseof missingnuclides. 
~N~init&snotincludcdintkavcmgo. 

Lab Fh FJhW2 4 16 102 Total ‘Real 
(auY bo (d (au) (aa) carp 

SBP-22 45 -0.0708 -0.58Q -0.655 -0.656 
JBF-2.2 T -3.92 -0.0684 -0,694 -0583 -0.656 -0.656 
EM.F-4.20 T 11576 
EMFu2~ P -0.571 -0.642 

JNT% JENDb3.2 F -4.67 -0.0652 -0.644 -0.546 -0.622 -0.622 
IPFB BROND-2e -WC7 -0.504 
IPPE mm-2.1f -0.0632 -0.584 

FOND-2.P -0.0654 -0.584 -0.649 -0.654 
JPPE ADL3 40654 -0.550 4.621 
Aveaaae’ -4.30 -0.0663 -0.669 -0.567 -0.644 -0.639 

b Not uscd fos a&rag; to avoid double counting af JEF-2.2 values. 
eNotusedforavepaga;uscsdtoinspbcttbeaffectofthemicroflux~~(sba 
also tebla 4.3). 
d (n,y) cm88 section not wed fop avemge because ofrelation with JEF-2.2 
L Not used for average because of missing nuclidcs. 
f Not used for average bcumse of r&sing n&ides 
t Comcfed for missing nuclidea {factor Ul.934 ti M&4). 
b Missing data suppleumtedwitb avexage vl!luaofmissing~nents. 
i Numb in it&s not included in the averags 
~NumbcrshavebeenmuMp&edbyl~l~. 

l c 

, 

12 ECN-X-97-008 



Rwultahampednuclide 

4.3 cross section plots 
In Appendix C all data have been plotmd for capture, iuelastic scattering snd 
(rQn) cm5 sections. In this chapter, a detaibd analysis is made mainly basexl on 
JEF*z2, FOND-21 and JENDL-3.2. 

Firattheplokrofgroup~sectionsfmtheradiativa~crosssectionaro 
compa~d(seefigures4.1and421. %causethecrosssectionsofthelumped 
m&de show a I/v behaviour above 100 keV, the same curves multiplied with the 
8quar*raotoftheenergyareshowninfigarss4.3and4.4,~~ly~ Inthe 
taneqy range above 100 keV, the various evaluations only dif& by a small factor 
At~e3lgsles,theresonanoestnrc~isvisibIe~somediffertnccsbetween 
theeval~onsisswnfiwnthegraghs. Atthethermalgroupsthedif%rcnces 
llledyreflectthedifftnnceghlthegroupe~. This also holds to a certain 
extent at the highest cnagis; above 10 MeV there aru some difWences in the 
cthwwbollsotive caphus c4mtrlbutions. Altogether, since in the kqnxtant energy 
range above 100 ev, most of the fesonartcestructutehasavcragxiout,thereis 
good mson to believe that the hypothe&i of cancellation of errors is correct for 
fast reactors and that in Eact only systematic erron d&amine the uncertah~ty in 
fast captum efkct From the curves 43 and 4.4, it is scan that J@DL-3.2 is 
gowrally lower than JEF-22 and IOND-21 above 100 ev. ln particular there are 
difbrums in the 5mresolved mga” from 1 to 100 keV. 

Secondly, the plots ofinalastic scat&&g cross sections arc inspected (pee @urc 
45). Hem thereisremarkabla agreementbetweeu2OOkeV and 1OMeK but there 
are some di-s below 200 kev. Appa&ntly, cancel&ion of errors works 
well above 100 keV, but since Bert are much leas nuclides with levels below 200 
keV and since these have diffezleat threshold energies, the cross section below 200 
kcV shows a lag@ spread. As the regicm up to 200 keV is quite important in fsst 
reacton it could be worthwhile to concen&ate on these nuclides, Farther analysis 
showsthatthecrossscctionat 10keVismainlydueto*51Smandtoalesscrextent 
due to f%u. other important nuclii with thresholds below 200 keV are loo’Ru, 
‘=C& “‘%h, ‘@Nd, ‘@‘Pd and ‘“Sm. 

Theplotsforthe (n.2n)uoss se&onshow alargespmd(seefi~4.6), whichis 
paitlyduetothedBrentgroup- and ilux weighting spectra used. Still it 
is curious that at 14 WV, for which many (I&I) measurement data are available, 
the FOND-2.1 library is too low, This needs fbrther investigation. The EAF-4.2 
evaluation was adjusted to 14 MeV data or systematics. 
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Status of pseudo fidm~ cross cicctiom for fad reacti Ihalts of the SWG17 
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Status of pseudo iission-product cmss se&m for fmt madora Results of the SWG17 
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Results lumped nuclide 
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statusofpmKiofissiosl-produdc.rosostctiaDsforfastreactono RcsultsoftheswG17 

MT Themal post Ratio 

161 
17 
102 
to3 
104 
105 
106 
107 
111 

ot.R+OQ UUSS WXtiO!M 
1.443e-03 1 s72e-03 
3.22oe95 3.478e-05 
5.703d)l 5.653c-01 
1.1798-0s 191%-05 
8.235e-07 8.613c-07 
7.417e-08 7.95oe-oa 
2298e-09 2A3Oe-O9 
1.129e-M 1.147e-05 
1348&a 1.4Xb-08 

0.918 
0.926 
1.009 
0.973 
0.956 
0.933 
0,946 
0.984 
0.942 

Rc4wwyworths 
102 -5.76obol -5.709e-01 1.009 
103 -1.7r160-05 -1,792%-05 0.974 
104 -1.7640-06 -1.851e-06 0.953 
105 -1,694e-O7 -1.817e-07 0.932 
106 -5.168c-09 -5.476e-09 0.944 
lo-7 -14ae-w -1.506e-05 0.984 
111 -3m3e-m -3.268e-08 0,940 

20 EUW-W-008 
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5. FISSION-PRODUCT CROSS SECTIONS 

* 

0 

Wle 5.1 give8 the one-gr0up radiative capture cross sections for 130 nucIides in 
otdaofdescendingimpartance(accordingtatheproductofconoeatrationand 
crosssection). IntheFrenchdaUsetsomerWidesrrrelackinginthehunped 
fission product (vaIue8 set to zero). The difkmnces between the CEA and ED+! 
lwults refiect the processing differences. 

~~~onofthedatafarthevariousnuctidesrevealsthattherearastillrauer 
laged~~be~nthevPluesof~crosas~ctionsof~~ntnuclidcs. ?Ime 
strong resonance absorbers ‘*Sm, ‘Fmh lsEu, %u have high cross sefXion.9 
also fn fast power IWIC~O~S. The last columns of table 5.1 contain the averages 
and root mean squam values. Note that in this table, JEF-22 is counted twice, 
which may give too optimistic rwuk. From the top-20 nuclides the RMS vaIues 
am less than lo%, except for the nuclides lSISm, I@Ru, *uCs. These are unstable 
nuclides, for which there are almost no sts. Integral data are available 
for these nuclides and have been used in the m-2.2 evahzation. From the next 
20 nuclides the one with RMS kger than 20% are Wq %Zr, and “Zr. It is 
recommended to have a closer look to these nuclides. More generally, the largest 
uncertainties come fi-om unstable nuclides. StiIl, the average RMS value for the 
top 40 nuclii is below 10%. 

‘able 53 gives the one-group inelastic scattering cross sections for JEF-22 and 
JENDL3.2 for the most important nuclides 9 o&r of descending importan& 
The activation braries EAF-4.2 and ADJAdo not contain t&al inelastic scatter- 
ing cross sections. Tbl) difkmces between the values of the cross sections fbr 
diffcsent t&ides are smaller than in the case of radiative capture. The west 
vaIues are obtah& for ‘5*Sm and *OsRu, which are nuclides with rather low ex- 
citation levels (below 100 I&). The RMS values for the top 40 nuclides arc 
less than 15%. except for the nuclides l”Ru, rslXe, ‘ti, ls’Sm, We.. These 
nuclides should bc inspcctcd in m<we detail. The average RMS value for the top 
40 nnclidea is less than 8%. which is surprisingly s&L 

From table 5.3 where the (n,2n) one-group cross sections are compared, it becomes 
eveident that the m-2.2 data file does not contain data for all nuclides. The Rh@ 
values are in general bedow 35%. however the cros.9 scctiim diierence is rather 
systematic, with nlatively low values for ADL-3. This needs further investigation. 



Status of pseudo fissbn-product cross cations for fkst reactaa Rcaits of the SWcfl7 

IluaulecEAm PPEmJNDc Avenqt RMS 
L&my JRF-2.2 m-2.2 FOND-2.1 ADL-3 JENDL3.2 ml 
~wu 0.7143 0,7243 0.7616 0.7141 0.7523 0.7333 2.71 

0.9369 0.9490 0.9161 0.8568 0.9594 0.9236 3.94 
2.5398 25437 28700 2.6540 2.2990 2.5813 7.17 
0.6301 0.6479 0.6561 0.6152 0.5923 0.6283 3.65 
05072 05167 05184 0.4715 0.4874 05003 3.62 
1.0569 1.0700 1.0399 0.9840 1.0520 1.0406 287 
0.675 1 0.6832 0.6526 0.6124 0.6774 0.6601 3.94 
I.5064 1.5167 1.4309 1.3335 12753 1.4126 6.72 
3.3618 3.3998 29413 2.6922 2.1080 2.9006 16.43 
1.1828 1.1992 1.2140 1.1416 0.5047 1.0485 26.03 . 
0.3351 03406 0.3568 0.3159 0.3484 0.3394 4.08 
0.5657 0.5700 05124 0.4755 0.5648 0.5377 6.99 
0.2917 0.2937 03323 0.3018 0,346l 0.3131 7.03 
2.7363 27655 23288 2.4251 2.5958 26903 631 
0.3592 0.3550 0.3370 0.3080 0.3589. i 0.3437 5.70 
0.1558 0.1981 0.17% 0.1732 0.1642 0.1662 5.41 
0.7846 0.7927 0.7203 0.6705 0.6916 0.7319 6.69 
0.1517 0.1546 0.1658 0.1572 0.1685 0.15% 4.06 
0.2379 022445 0.1361 0.2269 0.2284 0.2148 18.56 
0.1553 0.1582 0.1540 0.1360 0.1564 0.1520 534 
0.3180 0.3204 0.3351 03096 0.3360 0.3238 3.16 
0.1233 0.1280 0.1179 0.1067 0.1194 0.1191 5.97 
0.0933 0.0938 0.1011 0.0862 0.1000 0.0949 5.64 
2.8163 28428 2.9559 26783 13368 2.5260 23.80 
0.1778 0.1770 0.2507 0.2352 0.2358 0.2153 14.60 
0.0689 0.0708 0.0755 0.0804 0.0980 0.0787 13.27 
0.1349 0.1335 0.1042 0.0924 0.1057 0.1141 14.94 
0.4951 0.4956 05077 0,4X8 0.4799 0.4910 2.31 
0.2970 0.2963 0.2960 02754 0.2977 0.292s z93 
0.3644 0.3700 0.3804 0.3566 03840 0.371 I 272 
0.0922 0.0871 0.0946 0.0887 0.0916 0.0909 291 
0.0343 0.0358 0.0590 0.0550 0.0391 0.0447 22.98 
0.1994 0.2027 0.2553 0.1959 0.2772 oa51 14,85 
0.6168 0.6199 0.6307 0.5806 0.6028 0.6102 283 
0.0947 0.0956 0.1too 0.0911 0.1076 0.0998 7.57 
OJ703 0.1681 OX?6 0.1609 0.1469 0.1620 $08 
0.0361 0.0360 0.0374 0.0292 0.0272 0.0332 1253 
0.0339 0.0333 0.0390 0.0320 0.0343 0.0345 6.86 
0.3469 0.34% 0.2705 03311 0.3669 0.3330 9.99 
Og551 0.0643 0.1229 0.0586 0.1489 0.0919 40.13 



. 

Fh3ion-product cross a0ctions 

TnBtituta CEA ECN IPPE lPPE4 JNDC Average RMS 
- . L&my J’EF-2.2 m-2.2 WND-2.1 ADL3 JIENDL-3.2 CM 

“OPd 0.0970 0.0985 0.2189 0.0920 0.1291 OJ271 37.53 

e 

0.4605 0.4665 0.4683 0.4350 0.7475 0.5155 22.62 
1.4571 1.4660 1.4183 1.3243 1.2719 1.3875 5.52 
0.1728 0.1748 0.1729 0.1668 0.1626 0.1700 2.68 
3.0951 3.1233 3.1720 29430 3.4503 3.1567 5.24 
0.4094 0.4095 0.4206 0.3847 0.1263 0.3501 32.13 
1.8214 1.8389 1.6372 1.4989 1.3578 1.6308 11.36 
0.0365 0.0368 0.0433 0.0425 0.0418 0.0402 7.26 
0.07% 0.0789 0.0790 0.0720 0.0913 0.0801 7.77 
0.6203 0.6156 0.7077 0.663 1 0.7059 0.6625 6.00 
om29 0.0237 0.0271 0.0262 0.0258 0.0251 6.22 
1.0075 1.0173 0.7995 0.9482 1.2315 1.0008 13.90 
0.0274 0*0280 0.0160 0.0264 0*0160 0.0228 24.34 
0.0436 0.0442 0.0186 a0196 0.0252 0.0302 3757 * 
0.0493 0.0490 0.0337 0.0470 0.0241 0.0406 24.85 
O.OOW 1.7482 20672 1.6488 1.8546 1.8297 8.48 
02479 0.2507 0.2729 0.2514 0.2471 0.2540 3.77 
o.oooo 0.2465 0.2422 0.2232 0.2806 0.2481 * 8.34 
o.o8oo 0.0807 0.0936 .’ ” 0.0758 0.0829 0.0826 7.23 
0.0418 0.0416 0.1029 0.0387 0.0408 0.0531 46.81 
41510 41781 4.2530 5.8795 3.2167 4.3357 19.84 
33314 3.5548 3.6200 3.3688 1.2367 3.0623 29.93 
0.0138 0.0135 0.0123 0.0142 0.0061 0*0120 24.95 
0.0000 0.1182 0.8856 0.1139 0.0823 03000 112.80 
0,owo 0.4293 0.3892 0.4040 0.2777 0.3752 15.48 
0.3184 0.3217 0.3216 0.0000 0.4493 0.3527 15.82 
o.oooo 2.5911 25856 2.4223 o.oooo 2.5330 3.09 
0.5052 0.5132 0.5176 0.4907 0.3780 0.4810 10.87 
0.47 11 0.4772 0.4755 0.4540 0.6084 0.4972 1130 
o.owo 0.2016 0.3311 0.1921 02993 0.2560 23.57 
0.0461 0.0467 0.0472 0.0445 0.0891 0.0547 3 1.47 
0.1686 0.1706 0.1743 0.1613 0.2808 0.1911 23.56 
0.4092 0.4134 0.4128 0.3865 05273 0.4299 11 .S7 
o.oooo 0.0699 0.0664 0.0629 0.0519 0.0628 10.77 
0.2421 0.2443 0.2535 0.2399 0.2084 0.2377 6.45 
o.oow 0.1387 0.1387 2.7649 0.7658 0.9520 113,lB 
0.4543 0.4583 0.3408 0.3237 0.4341 0.4022 14.41 
a4657 0.4707 0.4663 0.4467 0.4414 0.4582 2.57 
o.oooo 0.19% 0.1991 0.1886 0.2067 0.1985 3,26 
o.oooO 0.3337 0.3356 0.3126 0.3417 0.3309 3.32 
0.0143 0.0147 0.0149 0.0137 0.0129 0.0141 5.11 
05905 0.5988 0.6036 0.0000 0.6544 0.6119 4.09 
o.uow 0*0188 0.0691 0.0185 0.0024 0.0272 a.16 
0.0247 0.0248 0.0248 0.0213 0.0292 0.0249 10.11 
0.1351 0,1287 0.1275 0.1184 0.1380 0.1295 5.26 

_ I 



status of pseudo fissi~ cross sections for fast fewtors Roeults of the SW017 

InstiMecEAEcNlPPEIFPEm Average F&S 
Library JRF-23 JEF-2.2 FOND&I ADL-3 JENDL3.2 W 
“Td 0.0000 0.2785 0.2818 02611 0.1882 0.2524 15.00 
“‘Gd 
l*Sm 
Wr 
‘@La 
‘*XC 
89y 
‘-ii? 
‘*Ba 
IllA, 

‘%l 

“‘SSl 
‘*cc 

@Sr 
“OCd 
“%I 
=‘Sb 
‘%d 
rise 
l%n 
VB 
@‘SC 
“Kr 
‘%l 
“9Sn 
‘%Ba 
Wa 
?%I 
’ wsn 
%r 
‘%CS 
‘URb 
‘8Se 
‘30x8 
‘*XC 
Yi40 

:t 

%n 

Ii: 
Y3r 
‘%l 

‘54Gd 

lsBa 

0Aooo 29068 2.9057 26694 26347 
o.oooo 0.3686 0.31 IO 0.2907 0.2885 
0.0131 0.0134 0.0134 0.0126 0.0100 
OS3773 0.3788 0.3919 0.3507 0.0000 
0.0031 0.0031 0.003 1 0.0029 0.001 1 
o.oooO 0.0174 0.0145 0.0225 0.0178 
o.oooo 0.4100 0.4100 3.1977 0.8786 
0.0033 0.0034 0.0036 0.0034 0.0052 
o.oooo 0.7936 0.8141 0.7389 0.0000 
o.oooo 3.9372 42530 3.9542 1.9922 
0.0000 0.2228 0.2243 0.2129 0.2377 
0,oooo 0.3364 0.3512 0.3144 0.0000 
o.oooo 0.0225 0.0226 0.0214 0.0126 
0.0000 0.2714 0.2658 0.2640 0.2200 
o,oooo 0.1255 0.1264 0.1204 0.0890 
o.oooo 0.2560 0.2558 0.2471 0.2849 
0.m 0.2236 0.16% 0.1726 0.2248 
om3o 0.4126 0.3864 03936 0.3970 I’ : 
o.oooo 0.1232 0.1239 0.1179 0.3672 
omoo 0Aoo1 0.4019 0936% 0.3783 
o.oooo 0.0582 0.0493 0.0545 0.0422 
o.oooo 0.0436 0.0066 0.0413 0.0597 
o.oooo 0.3681 0.3791 03539 0.0000 
o.oooo 0.0643 0.0630 0.0587 0.1847 
odooo 0,053l 0.0505 0.0453 0.0700 
omoo 0.0649 0.0680 0.0642 0.0822 
o.oooO 0.026!3 0.0281 0.0288 0.0150 
o.oooO 0.0454 0.0454 0.0585 0.0456 
0.0000 0.0039 0.0034 0.0040 0.0028 
0.0000 0.3023 0.3187 0.2888 0.2535 
0.2293 0.2241 0.1979 0.2063 0.2767 
o.oooo 0.0806 0.0682 0.0706 0.0917 
o.oooo 0.1265 0.1267 0.1461 0.2729 
oaooo 0,190s 0.1886 0.2026 0.2600 
o.oooo 0.0859 0.0901 0.0873 0.0893 
0.0000 22301 2.2255 2.1165 0.0000 
o.oooo 0.0093 0.0094 om92 0.0288 
omoo 0.0070 0.0070 0.0071 0.0085 
0.0000 0.9439 0.9456 0.8971 0.0000 
o.oooo 0.0234 0.0238 0.0231 0.0276 
omoo 0.0010 0.0010 0.0011 0.0041 
omoo 0.06% 0.0713 0.0650 0.7202 
0.0000 1.1355 1.3159 I.2452 0.9733 

2.7792 4.59 
0.3147 10.27 
0.0125 10.25 
0.3747 3.99 
0.0026 28.79 
0.0180 16.00 
1.2241 94.39 
0.0038 18.71 
0.7822 4.06 
3.5342 25.44 
0.2244 3.93 
0.3340 4.53 
0.0198 21.01 - 
0.2553 8.06 
0.2153 1334 
0.2610 5.46 
0.1977 13.44 
0.3974 241 
0.1831 58.09 
0.3875 3.59 
0.0510 11.75 
0.0378 51.29 
0.3670 2.81 
0.0927 57.35 
0.0547 16.90 
0.0698 10.42 
0.0246 22.89 
0.0487 11.63 
0.0036 13.46 
0.2908 8.26 
0.2250 12.24 
0.0778 11.95 
0.1680 36.33 
0.2104 13.82 
0.0882 1.88 
21907 2.40 
0.0142 59.66 
0.0074 8.26 
0.9289 242 
0.0245 7.56 
0.0018 73.81 
0.2315 121.87 
1.1675 11.07 

0.0000 0.1164 0.1120 0.1038 0.2081 0.1351 31.40 

l - 

0 
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Fission-product crofts section13 

Average RMS 
VW 

‘O’RU 0.6176 om2 0.4748 05646 1130 
0.4675 0.4576 
O&33 0.4487 
0.4129 0.4028 
03OS7 0.2998 
0.2227 0.2072 
0.5106 0.4970 
0.2716 0.2641 
0.1940 0.1884 
0.3522 0.3448 
05086 0.4985 
LO791 1.0630 
0.2611 OS!549 
0.5059 0.4955 
05094 0.4961 
0.9357 0.9174 
0.2745 02693 
0.1898 0.1880 
0.2E60 0.2792 
0.1718 0.1685 
0.1670 0.2656 
1.9461 1.9303 
012104 0.2064 
0.2oEB 0.2054 
05153 o.so27 
0.2349 0.2301 
03134 03060 
0.3383 0.3319 
0.3780 03695 
0.4323 0.4218 
0.1380 0.1368 
O.flS6 0.1144 
0.2604 0.2547 
0.6038 0.5902 
0.4548 0.4433 
0.1570 0.1554 
0.7550 0.7364 
on1322 0.1310 
0.1087 0.1076 

0.4411 
03599 
0.4041 
0.2615 
0.2919 
03870 
0.2852 
0.2426 
03577 
0.5236 
0.9858 
0.2947 
0.3559 
04284 
Oh73 
0.1850 
0.1956 
03048 
0.1565 
0.1268 
1.1939 
0.1706 
0.1559 
0.4834 
0.2062 
03054 
03328 
03943 
0.410s 
OJS43 
0.0924 
02531 
0.5478 
02091 
0.1380 
0.6112 
OJS10 
0.0849 

962% 0.0883 0.0874 0.0838 

0.4554 
0.4239 
0.4066 
0.2890 
0.2373 
0.4649 
0.2736 
0.2083 
0.3516 
OSlO3 
1.0426 
0.2703 
0.4524 
0.4780 
0.9202 
0.2429 
0.1911 
0.2900 
0.16% 
0.1532 
1.6901 
0.1958 
0.1900 
03OOS 
0.2237 
0.3082 
0.3343 
03806 
0.4215 
0.1431 
0.1075 
0.2561 
0.5806 
0.3691 
0.1501 
0.7009 
OS381 
0.1004 
0.0865 

239 
10.78 
I.11 
6.78 
16.30 
11.90 
3.19 
11.68 
150 
2.02 
3.91 
6.47 
15.12 
7.42 ’ 
1.28 
16.90 
1.68 
3.74 
3.96 
1217 
20.76 
9.13 
1271 
2.62 
5.61 
1.18 
0.85 
2.71 
2.11 
557 
9.91 
1.23 
4.11 
30.67 
5.74 
9.11 
6.63 
10.91 
226 
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statusofpEx3udofi8sion-~uctcrotisscctions~fast~ Rwltsof chcswc317 

Tkible 5.2 Co- 
Illdtute cJ3A EEN 
Library JEiF’G.2 JE@-2.2 E3.2 

Average RMS 
(W 

0.0883 0.0874 0,083% 0.0865 2.26 
0.4174 
0.0780 
0.7759 
0.2384 
0.1292 
0.1303 
0.2036 
0.6552 
0.4693 
0.1813 
0.2132 
05107 
0.4662 
0.0956 
0.1875 
0.0913 
0.6595 
0.3348 
0.8764 
0.1078 
0.8092 
0.1433 
0.1316 
0.0827 
0.5054 
0.8253 
0.0505 
03243 
0.6881 
0.1147 
0*1522 
0.2820 
o&S5 
0.2571 
05so7 
0.3164 
0.0790 
0.1850 
0.6247 
0.0620 
0.3734 
0.1439 
0.4908 

o.oow 0.1609 0.2071 

0.4695 0.4605 
0.0684 0.0676 
1.0290 1.0051 
0.2897 0.2838 
0.1155 0.1145 
OJOs6 0.1047 
0.2263 0.2208 
0.5118 0.4997 
0.5 195 05089 
0.1884 0.1840 
0.2105 0.2071 
o.oow 0.6619 
0.3973 0.3895 
0.1093 0.1083 
0.1741 0.1713 
0.085 1 0.0845 
0.7267 0.7078 
0.4115 0.4014 
0.7659 0.7546 
0.1437 0.1422 
0.6423 0.629s 
0.1524 0.2506 
0.1814 0.1794 
o.oooo 0.1013 
0.5917 05773 
0.8340 0.8158 
0.0000 0.0404 
0.5573 0.5452 
05006 0.4874 
0,OWO 0.1638 
0Alooo ou1311 
0.2701 02646 
o.clooo 0.1114 
0.1951 0.1925 
o.oooo 0.5067 
0.0000 0.2173 
o.oow 0.0366 
o.oow 0.1390 
o.oooo 05773 
o.woo 0.0537 
0.3317 0.3243 
o.oow 0.1211 
084425 0.434a 

0.4491 5.06 
0.0713 6.61 
0.9367 12.18 
0.2873 0.88 
0.1198 5.60 
0.1135 10.47 
02169 4.46 
0.5556 12.71 
0.4992 433 
0.1846 158 
0.2103 1.18 
0.5863 1290 
0.4177 8.26 
0.1044 5.97 
0.1776 3.99 
0.0870 3.5 1 
0.6980 4.05 
0.3826 8,90 
0.7990 6.87 
0.1312 1262 
0.6938 11.79 
0.1488 265 
0.1641 1403 
0.0920 10.13 
0.5581 6.76 
0.8251 0.90 
0.0455 11.16 
0.5423 2.51 
05587 16.41 
0.1392 17.62 
0.1416 7.44 
0.2722 266 
0.0885 25.98 
0.2149 13.88 
0.5287 4.16 
0.2669 18.56 
0.0578 36.74 
0.1620 14.20 
0.6010 3.94 
0.0579 7.16 
03431 6.30 
0.1325 859 
0.4560 5.44 
0,184o 125s 
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F.iin~roduct cmss sdons 

. 

Illah CBA JNDC Average RMS 
L&my JIZF-2.2 m-2.2 JENJX-32 (“A;) 
‘WI O.ObOO 0.0667 0.1018 0.0842 20.8 1 

e 

0.3898 0.3776 
0.1746 0.1714 
o.oooo 0.%38 
0.1488 0.1457 
o.oooo 0.2035 
0.9158 0.8918 
omoo 1.3320 
O.bOOO 0.3214 
o.oooo 0.1982 
0.2872 0.28b6 
0Alooo 0.1390 
o.oooo 05105 
o.oobo 0.1235 
o.booo 0.1597 
0.5045 0.4923 
o.oooo 0.0646 
0.1190 0.1177 
o.oooo 0.1298 
o.booo 0.1215 
o.oooo 1.4055 
0.6098 0.5942 
o.oooo 0.1851 
o.oobo 02208 
omoo 0.1255 
omoo 0.7726 
o.oooo 0.0727 
o.ocMo 0.0670 
0.0000 0.5385 
o.oooo 0.06b8 
o.oooo 0.0907 
o.booo 0.1294 
o.booo 0.3267 
o.oooo 0.1160 
0.2460 0.2403 
o.oooo 0.2370 
o.oooO 0.5942 
o.booo 0.1827 
o.oooo 0.0744 
omoo 0.2641 
omoo 0.1694 
Od.XlOO 0.1412 
b.oooo 0.0501 
o.bobo 0.1753 

0.3305 0.3659 6.99 
0.1819 0.1759 2.50 
0.6133 0.7885 2223 
0.1849 0.1593 11.15 
0.1922 0.1979 2.86 
0.4550 0.7542 28.08 
1.1121 1.2221 9.00 
03463 03339 3.73 
0.2462 0.2222 10.81 
0.4240 0.3306 2o.ob 
0.2030 0.1710 18.72 
0.5664 0.5385 5.19 
0.1525 0.1380 10.51 
0.2119 0.1858 14h4 
0.6892 0.5620 16.03 
0.1035 0.0840 2x2.3 
0.1393 0.1253 7.89 
0.1353 0.1326 2.07 
d.2295 0.1755 30.78 
1.3639 1.3847 1.50 
0.4980 0.5673 8.71 
0.1415 0.1633 1337 
0.2576 0.2392 7.70 
0.1674 0.1464 14.30 
0.7637 0.768 1 0.57 
0.0983 0.0855 14.99 
0.1002 0.0836 19.87 
0.5545 05466 1.46 
0.0959 0.0784 22.36 
0.1487 O.llP7 24.24 
0.1652 0.1473 12.15 
0.4345 0.3806 14.16 
0.1833 0.1496 22.48 
0.3057 02640 1120 
0.1742 0.2056 15.27 
0.7662 0.6802 1264 
03319 0.2573 29.00 
0.0974 0.08!!9 13.37 
0.2022 0.2331 13.27 
0.1688 0.1691 0.18 
0.1532 0.1472 4.09 
0.0590 0.0545 8.14 
0.1342 0.1548 13.29 
0.2001 0.1958 2.16 ‘%I 0.0000 0.1916 



wtutc cm Em? IP.PEi Mx! Average Rh4S 
I.&my JBF-2.2 JP-Z.2 AIS3 JENDL-3.2 (96) 

“%’ 1.1818 1.0179 1.0874 0.9124 1.0499 9.37 
3.9818 
26339 
1.0978 
2.0694 
1.6126 
o.oooo 
0.4922 
0.7068 
0.8254 
2.2136 
2.0727 
0.6988 
I.1214 
0.6174 
0.3927 
OS894 
4.1049 
23146 
lx?33 
22548 
OS70 
O.OOtM 
1.4448 
o&i921 
0.4841 
0.0000 
0.4936 
1.0420 
0.4985 
1 a495 
Q.Oooo 
0.4543 
0.0000 
0.0000 
1.3084 

3.8276 1.5629 33449 
2.5023 1.0868 1.8441 
0.9987 0.6108 1.0233 
1.9330 0.9326 1.1105 
2.4160 1.2582 1.2309 
0.0000 0.5574 0.5398 
0.3927 0.4355 0.3799 
0.5802 0.3998 0.5135 
0.7369 0.6553 1.0138 
2.0801 0.8043 1.2667 
1.%8 20871 3.2376 
0.6158 0.4580 05241 
1.0192 0.4507 0.7754 
0.4972 0.2839 0.2728 
0.2867 0.2716 0.2671 
0.5017 0.3109 0.3065 
3.9494 15415 2.6303 
2.7685 2.4655 2.4093 
1.0230 0.6855 0.6612 
2.1410 1 AM94 1.6210 
0.4278 0.2676 0.2497 
0.0000 02434 0.2903 
1.3391 0.878 1 0.8036 
oAOo5 0.2254 0.2128 
0.3%4 02514 02423 
o.oooo 03308 0.3609 
03937 a2701 0.2665 
0*949!l 0.7379 1.2580 
0.3889 0.2375 0.2064 
0.9402 0.7492 0.5796 
o.oooo 0.1723 0.2058 
0.3697 0.1973 0.2010 
o.oooo 02971 Oa3716 
0.0000 0.2043 0.1914 
1.10% 0.8256 0.6928 
0.0000 0.4331 0.4335 

02761 0.1669 0.1389 
02902 0.1736 0.1826 

3.1543 
20168 
0.9326 
15114. 
1.3794 
0.5486 
0.4231 
0.5501 
0.8078 
1.5912 
23361 
0.5742 
0.8417 
0.4178, 
0.3045 
0.4271 
3.0565 
2.6395 
0.8733 
1.7716 
0.3655 
0.2669 
1.1164 
0.3327 
0.3435 
0.3458 
03560 
0.9969 
0.3328 
0,82% 
OJ890 
0.3056 
0.3344 
0.1978 
0.9841 
0.4333 
0.2!MO 
0.2550 

30.40 
30.48 
2031 
32.83 
11.02 
1.61 
10.32 
20.20 
16.50 
3652 

. 

2240 
15.88 
30.70 
34.91 
16.89 
28.67 
34.21 
7.94 
23.27 
26.56 
30.54 
8.78 
25.02 
35.53 
29.58 
4,35 

26.55 
18.73 
35.45 
21.69 
8.86 
3418 
11.15 
3.27 
24.41 
0.04 
36.82 
32.30 

0.0000 0.0000 0.3382 0.3408 0.3395 0.38 
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Fission-mutt cross sections 

Twle5.3 oncgroyr~~secdoMfor(ntn)rracdoRs(~=f6), 
Institute CIZA BCN JNDC Average RMS 
Library JEFQ.2 El'-2.2 AJX-3 JIZNDG3.2 (%) 
'%a o.oooo 24793 1.7190 L5348 1.9110 21.39 
=& 
1-l-b 
9’zr 
‘%Id 
“‘Nd 
‘08Pd 
%r 
‘wn 
9’Y 
1433 

‘@Ag 
wb 
Illa 

‘z%n, 

%a 
“Vd 
‘=XC 
‘291 
1% 
*a 
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‘%I 
%A0 

‘OdPd 
‘Wd 
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‘WI3 
“‘SRI 
‘%ll 
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1s13u 
=IQ 
InI 
‘93u 
11sa 

=Sr 
s3fi 
89y 
‘“Gd 
*Shl 
“9Sll 
‘%I 
1311 

‘%b 

0.0000 0.0000 ox!!53 0.2366 
0.0000 0.0000 0.3499 0.3008 
0.4528 0.4ooo 0.3370 0.3101 
0.9323 0.8359 0.5527 0.48SO 
O&O00 0.0000 3.1135 4.9516 
0.4641 0.3716 0.1749 0.2133 
0.0000 0.0000 0.7110 1.2691 
0.8242 0.7408 0.4670 0.3803 
0.0000 0.0000 0.4003 0.3647 
0.0000 0.0000 0.8734 0.77S8 
0.3879 0.3136 0.1785 0.1790 
0.4757 03922 0.2893 0.2776 
0.8347 0.7483 0.5800 0.7638 
0.0000 0.0000 0.2773 0.2267 
o.oooo 0.0000 3.9566 0.0000 
05779 0.4859 0.2284 0.3032 
0.0000 0.0000 0.9399 1.2794 
03965 0.3107 0.2297 0.2434 
0.0000 0.0000 0.8330 1.5979 
0.0000 0.0000 0.2869 0.6447 
0.0000 0.0000 0.5825 0.4901 
0.7206 0.6040 0.3774 0.2563 
0.0000 0.0000 1.5544 2.1806 
0.3844 0.2929 0.1378 0.1692 
O.oooO 0.0000 1.5178 1.2578 
0.0000 0.0000 3.4956 0.0000 
0.0000 0.0000 0.8867 0.9711 
2.6939 25681 0.9539 0.8208 
0.0000 0.0000 0.3984 0.4161 
0.0000 0.0000 o.o959 0.1044 
0.6982 0.5957 0.5030 0.3643 
0.0000 0.1518 0.1141 0.0085 
0.3880 0.3255 0.2162 0.2331 
1.0676 0.9558 I.6655 1.2818 
0.6090 0.52% 0.9032 1.1662 
0.0000 0.0000 0.0553 0.0483 
0.0000 0.6797 0.2287 0.3625 
o.oooo 0.0720 0.0490 0.0433 
0.6199 0.5188 0.3587 0.3074 
0.0000 0.0000 0.5997 0.39% 
0.0000 o.oooo 0.8365 1.3121 
OJOOO OAlOOO 0.5982 0.5008 
0.0000 0.0000 0.2435 0.3070 
0.0000 0.0000 o.m1 0.2520 

0.2309 244 
0.3254 7.54 
0,375o 14.81 
0.7015 26.70 
4.0325 22.79 
0.3060 38.36 
0.9901 28.18 
0.6031 30.57 
0.3825 4.66 
0.8246 5.92 
oz!aa 33.96 
0.3587 22.56 
0.7317 12.77 _ 
02s20 10.02 
3.9566 0.00 
0,3988 34.98 
1.1096 15.30 
0.2!950 22.41 
1.2155 31.46 
0.4658 38.40 
0.5363 8.61 
0.48% 37.31 
1.8675 16.77 
0.2461 40.11 
1 a3878 9.37 
3.4956 0.00 
0.9289 4.54 
1.7592 49.70 
0.4073 2.17 
0.1002 4.25 
0.5403 22.74 
0.1181 22.03 
0.2907 24.05 
1.2427 21.79 
0.8020 31.44 
0.0518 6.80 
0.4203 45.82 
O.OS40 22.62 
0.4512 27.65 
0.4997 20.02 
1.0743 22.14 
0.5495 a.87 
0.2752 11.54 
Ct.2726 7.52 

EC&R-97- 



sfatus of pseudo fission-muot oross sections fix fhst nactors Rmuks of the swc317 

lbble 3.3 One gmup CRW .tactiom& WnJ raclctlollj (MZW3). 

-cEA PPE Jrmc Avenyce RMS 
L&ray IBF-2.2 IEF-2.2 ADLJ JENDL-35 WI 
1% oL@oo omoo 0362 o.oooo 0.3%2 0.00 
‘24& 

%r 

33U 

‘“Pm 

%m 
'9a 
"'Sll 
lnTe 
“IW 

“se 
‘%l 
‘wd 
‘SJTb 
‘wki 
“‘cd 
‘22&t 
‘%Ba 
‘@Ru 
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116(-d 

1lSb 

‘*Pm 
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‘*‘Sb 
““+Pd 
‘wd 
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‘-3 
=‘lb 
‘Pin 
%r 
‘% 
“‘a 
“%h 
‘=Sb 
115~ 

‘UA, 
“*cd 
*MO 
rise 
rdaTb 
“% 
‘%d 

O.O#O o.oooo 0.3355 0.3282 0.3318 1.11 
0.0000 0.1263 0.010!5 0.0628 0.0865 32.69 
O.OUOO o.oooo 1.9911 1.3876 1.6894 17.86 
O.OWO 0.0000 2.0836 21593 2.1214 1.78 
0.0000 o.oooo 0.4725 0.4138 0.4431 6.62 
0.0000 oaooo 0.6610 0.8709 0.7660 13.70 
o.oooo o.oooo 0.5407 0.8909 0.7158 24.46 
O*oooO o.oooo 0.9215 1.1535 0.9395 23.04 
o.oooo 0Alooo 1.4646 0.0000 1.4646 0.00 
o.oooo 0.0000 0.1208 0.1422 0.1315 8.16 
0.0000 omoo 0.7066 2.!IO47 1.4556 51.46 
O.OOW o.oooo 0.7977 0.7502 0.7740 3.07 
0.0000 0.6496 0.4991 0.4648 0.5378 14.92 
0.0000 OSlOOO 0.1476 0.1672 0.1574 6.22 
0.0000 o.oooo 0.1915 0.2356 0.2135 10.32 
0.0000 0.0000 0.2762 0.2667 0.2714 1.75 
0.0000 o.oooo 0.2321 0.1867 0.2094 10.85 
0.0000 0Amoo 0.1242 0.1511 0.137+ 9.75 
0.0000 omoo 2.5744 1.7546 2164s 18.94 
0.0000 o.oooo 0.2617 0.2859 0.2738 4.42 
o.oooo 0.0000 0.1825 0.1617 0.1721 6.05 
0.0000 omoo 0.7706 0.7371 0.7539 2.22 
04000 o.oooo 0.2113 0.2052 02082 1.46 
o.oooo O&OOO On2142 0.1598 0.1870 14s 
0.0000 oa287 0.1014 OJ155 0.1485 38.36 
0.0000 0.0000 1.3381 0.9688 1.1534 16.01 
o,oooo o.oooo 28793 2.1593 2.5193 14.29 
0.0000 0JJooo 1.2428 lSo47 I.1737 5.88 
OJMOO 0.0000 0.9264 1 Al398 0.983 1 5.77 
0.0000 0.0000 0.1708 0.1529 0.1618 554 
0.0000 wooo oms4 0*0808 O&781 3.44 
04000 0AlooO 0.9031 0.0000 0.903 1 0.00 
0.0000 oaooo 0.0954 0.1055 0.1004 !Loo 
0.0000 0.0000 0.1620 0.2340 0.1979 18.19 
0.0000 o.oooo 0.2339 0.2306 0.2322 0.70 
0.0000 o.oooo 0.8746 0.0000 0.8746 0.00 
O.oooO o.oooo om2 O.OOW 02272 0.00 
0.0000 o.oooo 0.1120 0.0957 0.1038 7.88 
0.0000 o.owo 0.1709 0.1648 0.1678 1.81 
OBOOO U&000 0.2817 0.5030 03w3 28.20 
omoo o.oooo 1.7044 0.0000 1.7044 QOO 
04000 0.2918 001753 0.1914 03195 23.49 
0.0000 o.oooo 0.1202 0.1387 0.1295 7.14 
o.oooo o.oooo 0.0655 0.0669 0.0662 LO5 “se 
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6. CONCLUSIONS 

Fromtheprsviougseetions wemayconclude~t~siderrddatabasesga 
maximmnspreadinlumpedonGgroupcsosssectiaasavcragedovatbe spectrum 
ofalargefastpowerreactorofabout6%forcaptumand9%forinelastic scattering. 
Thetotalreactivityeffeethasamaximum spread of 5.5%. These values indicate 
rhat~eunccrtaintyinthtrsa;ctiv~effectisofthtsame~. Iuspeotionofthe 
d&knces did not reveal large problems in the libraries fix captum and inelastic 
acattarlng cross sections. Slight improv~nts could be obtahxd by having closer 
hspection of the capture cross sections of the unstable nuclkks 1s1Sm, 1°Ru and 
*ssCs. From tbe inelastic scattering cross sections some improvemonta could be 
obttlbd by invealigathlg the data for xluclides with low-lying levels, below 200 
keV (tig. tolRu, rBcS, l@Rh, r*Nd, ro3Ru, r@‘Pd and *@Sm). 

However, improvements for individual fission products will not easily solve the 
remaining dismpmcies, since there are also systematic d.iflkenco6. These are 
probably cau8ed by the evaluation method. For capture the unresaived resonance 
~~~twiththedifEicultieskparameaizationof~functions,levelspac- 
ing and radiation widths due to missed resonances, and the treatment of width 
fluctuatiw could bo important. Also the background comction in the resolved 
emgy range can play a role. 

For tho inolaatic cm5 sectiow tbe optical model choice and paramefrization as 
well as widtb&ctuation factor treatment could be difkrent in various evaluations. 
It is not easy to assess such dBeren~ in the evahuuion methods. 

Ap~~b~poiattobe~invtstigatedistheBystematicdi&renceof5to6% 
in the total, elastic and capture cross sections between JENDL-3.2 and JEP-2.2. 
A common mason could be the optical-model pamm&kation or the systematics 
used for the (p-wave) strength functions. More generally, it is suggested to 
compare the yield-avqed values of So, St, P,, and D,, oftbe various evaluations, 
to a88oss possible ma8Qns for SyStematiC differulce8. Thefleparame&rsdetermiile 
the uuresolvedre sonancersngeandaredifficulttoe~fiom~olvedresonance 
pammotcm if tb8re is a signiticant fraction of missed @wave) resonances. The 
optical model should match the a- and p-wave strength functions. In the high- 
energy part of the resolveci- roamance range, a correction for missed resonance8 
should be made. AU these points are well larown to the evaluators, but in o&r to 
make pr0gte.w it is necessary to re4uvestigate such possible sources of difkmnces. 

Pinaliy, in spite of the above mentioned problem8, the status of lumped &sion- 
product cross sections is satisfactory, although some impmvements am possible 
a6 illdicatedin this report. 
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APPlWlX.XA. NUCLJDECONCENT~ONS 
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Status of pseudo fission-product cross sc.ctiw for fast reactm Rmlts d the spIgl7 . 
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.oooPs .00093 
.ooo63 .00057 
.00120 ml 11 
.00010 .00007 
.00316 ,00240 
l o83 .00088 
AloooO .ooooo 
.ooo46 a0043 
.00000 AlooO0 
.00138 .00095 
.wJOl .OOouO 

‘%b 511270 .00005 BOOO4 JO012 .OOOlO 000008 

* 
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e 
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t 

521230 
521240 
521250 
521251 
521260 
521271 
521280 
521291 
521300 
521320 
53 1270 
531290 
531310 
541280 
541290 
541300 
541310 
541320 
541330 
541340 
541360 
551330 
551340 
951350 
591360 
551370 
561340 
561350 
561360 
561370 
561380 
561400 
571390 
571400 
581400 
581410 
581420 
581430 
581440 

.oooo6 

.oOw 

.oO321 

.OO108 

.01439 

.OClOO8 

.03063 
AM761 
.00206 
.071!35 
-05993 
l 06293 
.00169 
.06393 
.oooo4 
to6228 
.ooo14 

ii024 
.00047 
.06692 
.00433 
.07087 
l Os7 
.05322 
.01178 
.05878 
.ooo48 
A3849 

.ooooO .ooooo 

.ooooo .ooooo 

.OOOo5 .00012 

.OOODl .OOOol 

.OOOOl .00008 

.OoQl3 .00045 

.oo506 &m9o 
,00189 ,oo230 
.01959 .01956 
.ooo95 .00104 
no0132 .00446 
AI0713 .00897 
.00185 ,00218 
.00003 ,oool2 
.ooooo .ooooO 
.00012 ,00018 
.03391 MI39 
.04546 .05273 
.00184 30223 
.06172 37229 
-06292 .06776 
.05152 .06441 
.00120 a0153 
.05627 AI7424 
.oooo3 .oooo9 
.06949 .ofxM2 
.oooo8 .Oooll 
.00000 .ooooo 
.OOUl6 JO082 
.00051 .00057 
.06477 .04936 
.00493 .oO414 
.06083 AMOS3 
.ooo65 .00054 
.05506 AM787 
.OI 124 .Oll76 
.osos4 .04924 
.tm42 Jm39 
.03424 m642 

.ooooO 
:E 
.OOOOl 
.ooo# 
AM033 
.00618 
.00215 
.01889 
.00104 
.#318 
.00783 
Al0184 
.00008 
.ooooO 
.oOOl3 
.03224 
a4823 
Al0199 
Al6270 
a07121 
*OS353 
.00123 
Al6772 
l oO7 
.06948 
.oooo8 
.ooooO 
.ooos6 

.06465 

.004S6 

.05802 

:EZ 
.01027 
.05302 
mo47 
.03057 

.ooooO 

.ooooO 

.OOoo7 

.OOOOl 

.00002 

.ooo28 

.00520 

.00179 

.01534 

.Qoo94 

.00277 
&lm64 c 

.00150 

.oooo7 

.ooooo 

.OOOll . 

.02683 

.04405 

.m91 

.06102 

.07112 

.O5231 

.00121 
Al6705 
.oooos 
Al7181 
.00008 
.ooooo 
l O3l 
.ooo52 
.06738 
ml61 
AI6093 
.oo#f 
.oSO31 
.01074 
.04990 
.wo50 
A3336 

591410 .&I854 .04277 .0&l .03757 .04006 
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Status ofpseudofission-prodwsian-prodnctcrolsls SGctions for fatreacttxa Rcsuh of the SWG17 * 
1 

lkble A.1 !&Me ccwttinued . 

Nuclide Ide&!?cation =U =TJ MPa 
lvr 591430 a0467 l Mo3 a0372 .00452 l 00481 
’ aNd 601420 
‘43Nd 601430 
““Nd 601440 
luNd 601450 
IeNd 601460 
14’Nd 601470 
‘“Nd 601480 
‘wNd 601500 
‘27pm 611470 
‘%.I 611480 
‘*Pm 611481 
‘Qppm 611490 
*%m 621470 
Y!+m 621480 
‘*Sm 621490 
‘%m 621500 
ls’Sm 621510 
‘%m 621520 
%m 621530 
Tim 621540 
lS3& 631530 
9a 631540 
‘%u 631550 
“%u 631560 
‘wd 641540 
‘=Gd 641550 
‘%d 641560 
lnGd 641570 
%d 641580 
‘6ocM 641600 
9% 651590 
‘@II3 651600 
16’7j., 651610 
‘% 661600 
la% 661610 
‘% 661620 
‘ati 661630 
‘W 661640 

.00028 

.05270 

.01301 
Sk3778 
.03016 
Jo133 
.01691 
.00715 
.01651 
Alooo4 
.ooo20 
l oool5 
.00135 
.00086 
l 01017 
.00076 
.oo400 
a0350 
.OOOO2 
.00097 
.Ool82 
.ooom 
.00034 
.oooo2 
.ooooo 
.00001 
BOO17 
.00007 
moo6 
.OOOOl 
.oooo3 
.ooooO 
.OO#O 
.ooooo 
.ooooO 

.oim24 
AM163 
.OllW 
.04086 
.03897 
.00186 
St2359 
.01464 
.02131 
.00005 
A.m25 
.ooo25 
Al0168 
.00104 
.01620 
.00117 
.00928 
.O#Sl 
.00006 
a0213 
.003PO 
.0#42 
.00105 
aooO9 
.oooOl 

.00026 
43970 
.00876 
.03OlO 
a2557 
.00141 
.01715 
.01039 
.01664 
.oooo4 
.00019 
.00019 
.00133 
A0083 
.01265 
.ooo93 
AM761 
.00759 
.OOoO7 
.00321 
.00463 
.00051 
.00214 
.ooo20 
.OOOOl 
.ooooP 
.00166 
.ooOP3 
.ooO89 
.00033 
.Qoo43 
.oooo2 
.OUOOl 
.ooool 
.ooo20 
.00002 
.ooooo 

.OOO21 

.04464 
MP75 
.0326a 
.02847 
.00161 
.01814 
81157 
.01768 
.oooo4 
.ooo20 
.ooo23 
a0137 
JO084 
.01404 
.ooo99’ 
.00851 
.00850 

.oo508 

.00054 

.00267 
l o27 
.ooool 
.OoOl 1 
Al0215 
.00122 
.oolIl 
a0033 
.OoQs3 
.Oooo2 
.OoOO2 

.00029 

.oooo3 

JO022 
.04854 
.01075 
.03477 
.03051 
.OOt76 
.OlP29 
.01290 
.Ol!nP 
.00005 
.ooo23 
.ooo24 
l 00155 
.ooo96 
.01520 
.00109 
.00911 
.OOP30 
.oooo9 
a0447 
a0574 
A0061 
a0295 
.00030 
.OOOOl 
.OOOl2 
Am46 
AM139 
.00135 
.00039 
.ooo62 
.oooo2 
.OOOOl 
.oooo2 
.00020 
.OoOo2 

. 

Total 2$JctOa2 2oooo2 2oooo4 2.OooO2 2OoOO3 
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