
Abstract 

NUCLEAR DATA IMPROVEMENTS IN THE DECADE WITH SPECIAL EMPHASIS ON VERY 
RECENT DATA EVALUATIONS, AND THEIR APPLICATION TO THERMAL AND FAST 

REACTOR ANALYSIS 
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The present anal sis describes mainly the application of JEF-2 and JENDL-3 to thermal and fast reactor 
systems. For tharma f reactors the burnup behaviour olPWR-fuel up to about 30 GWd/to is investigated; nuclidr 
concentrations are compared to experimental results from postirrndiation analyses. For fast reactors, criticality 
for a variety of critical assemblies is evaluated and the results ere compared, both among each other and to ex- 
periment. 

The results with the new data sets are discussed in some detail. Some intercomparisons of group cross 
sections are presented, as those for inelastic scattering (U 238, Pu 2.39 to 241), fission and capture data for 
U 2.35 and Pu 239. Also some results from the ENDFIB-VI and BROND-2 tiles are included, es far as availnble 
at present. 

Introduction 

The application of the European Joint Evaluated 
File JEF-1 to describe the physics behaviour of PWR 
power reactors [l] showed satisfactory apeement 
with cxperimcntal results of postirrodiation analyses 
with the exception of the Cm 242 concentration at 30 
GWd/t. burnup. The good agreement of calculational 
results using JEF-1 data was also confiimed by an in- 
dependent analysis on PWR-fuel cycle investigations 
at the University of Stuttgart [21. No major surprises 
therefore are expected in using JEF-2 data for the 
analysis of PWP+ but expecting better results now lor 
the Cm 242 concentration at 30 GWd/t burnup. For 
fast reactors, some calculations showed larmer discre- 
pancies with ex erimental results [31: JEF-1 data 
could not have E een used for fast reactor analysis 
without adjustments. The aim ta develop the files 
JENDL-3 in Japan, of ENDF/B-VI in USA, JEFD in 
Europe and other files as BROND-2 in the USSR, was 
to calculate fast reactors with the basic group con- 
stant sets based on the various evaluated data files 
without major adjustments to experiments in critical 
Facilities. The new versions of the data files have been 
distributed recently. This paper will concentrate on 
the application of JEF-2 rind dENDL3 to fast reactor 
systems to eee whether the 
justed data sets for il relia 

aal of using these unid- 
% le fast reactor analysis 

could be reached. 

The processing of basic data to 
using the Karlsruhe version of NJ VU? constantsv Y, 1s carefully 
analysed to investigate whether major diierences in 
C/E values for integral reactor quantities moy result 
from the processing 
will be discussed in 1 7 

rocedure. These investigations 
J and arc not presented in this 

contribution. 

*)On leave from the Institute for Nuclear Research 
and Nucleor Energy, Sulin, Bulgaria. Work done in 
the frame of a Governmental Agreement between 
BulKaria and the FRG. 

Test of the Data Files JENDL-3 and JEF-2 on the 
Burnuo Behaviour of Nuclide Concentrations in 
PWRs 

There have been published nlready many results 
on the test of the JENDL-3 data file for PWR 
application [41. These concern criticality for 
benchmark cores, for HCLWR cores ol the PROTEUS 
experiments, including the voided configurations. and 
a burnup benchmark. The rediction of compositions 
for urania, trnnsuronio an I! iisslon products was felt 
to be in satisfactory a eemant with the results from 
ORIGEN2. In this R c aptey,, a comparison ol the 
calculated isotopic composltlons of JENDL-3 and 
JEF-2 as well es with experimental results Ram post- 
irradiation analyses will briefly be presented. 

&;$son of nucli$e concentrations after irradia- 
f WPwfuel. usme JEF-2 and JENDL-3 data 

In Table 1 the nuclide concentrations after about 
30 GWmurnup in the Obrigheim power plant 
KWO are compared, using data sets derived from the 
JEF-1, JEF-2, and JENDL-3 dota Iiles. The irrodia- 
tion history is simulated accurntoly. Only marginal 
differences can be observed between the results of the 
3 data sets. The largest difference of about 9 % occurs 
for Np 237: JEF-2 gives a result lower by 9 % than 
JENDL-3. A similar deviation is observed [or U236: 
The result, obtained on JEF-2 basis, is smaller by 
about 8 % than that using JENDL-3 (the JEF-1 result 
is in between JEF-2 and JENDL-3). For Pu 238 JEF-1 
and JENDL-3 give identical results, JEF-2 is by 
about 6 5’0 lower. All other results differ by no more 
than about 2 %. 

Comparison of calculated nuclide concentrations with 
experimental results 

In [lj JEF-1 duto had been applied for this anaiy- 
sis. It was observed that, with the exception uf the Cm 
242 concentration, 011 other actinide concentrations 
at about 30 MWd/tHM are in satisfactory agreement 
with experimental results, which ore not of very high 
precision, but allow to reveul major discrcponcies. 
The some agreement is round agnin with the JEF-2 



- . Tnblel: Comparison of Nuclide Concentrations at 
30 GWd/tHM burnup for PWR fuel (KWO), 
calculated with different data sets 

-1 E-n ahwys means I@” 

and the JENDL-3 data bases. The Cm 242 concentm- 
tions for all three data files are overpredicted by 
about n factor of ‘2 compared to experimental results. 
Already in [ll it was suspected that very probably the 
experimental results, which are difficult to obtain be- 
cause of the very shor! half-life.of Cm 242 (T!n = 163 
fad, are m error. This aspect IS St.111 under mvestlga- 

Check on Fission Product Nuclear Data 

Fission product nuclenr data heve not been 
changed from JEF-1 to JEF-2. Tests of JEF-1 fission 
product data hove been reported in [51 rind! for 
JENDL-3,, in 141. Results with JEF-1 data are wthin 
the experimental error bars of 10 %. JENDLJ gives a 

a 
satisfactory good prediction for Sb-125 and Eu 154 
concentrations. 

Test of Recently Established Nuclear Data Files for 
Fast Reactor Applications 

The fast energy range up to now was not appro- 
priately described with cross sections for the unre- 
solved resonance region, the capture and fission data 
especially for U 238 and Pu 239, and inelastic scatter- 
in for almost all heavy nuclidos. Therefore, design 
cn culatlons for fast reactors very frequently were f 
performed by using adjusted data sets or using bias or 
“fudge factors” to integral quantities. Both schemes 
are unsatisfoctor from the point of view of describing 
the important p yslc:ll features of fast reactor sys- h 
terns of very different desi s which are under discus- 
sion presently, i.e. with &rent fuel (oxide, metal, r 
nitride). of special actinide burner reactors to reduce 
the long term hazard of nuclear waste, of modular and 
hetero eneous cores. and of other futuristic character- 
istica. % he neutron spectrum usually varies from rela- 
tive soft to relative hnrd spectrum systems. Therefore, 
a check of the qualit of a modern data set should cov- 
er the whole range o neutron spectra above about ? 
100 eV up to some MeV. 

-2: k,afor Several Fast Critical Assemblies 

‘IThe corrections are assumed to be the same ar those 
derived originally for the KFKINR set; they include mainly 
transponand heterogenei+q. 

Observations from Tests of Dota Sets based on .JEF-2 
and JENDL-3 for Fast Assemblies 

Only a selection of the obtained results can be 
presented here. A full documentation of all investiga- 
tions will be published “s a KX.report [71. Table 
shows the results for k,s for B variety of fast reactor 
critical assemblies with uranium and plutonium fuel, 
based o” the JEF-2 and JENDL-3 nuclear data librur- 
ies. The spectra of these systems range from very hard 
(CODTVA. JEZEBEL) to fairly soR neutron spectra. 
For the high leakage systems a hi h transport . S16 - 
approximation was used, the lo low-up assemblies F 
were calculated in 2dimensional diffusion theory 
with trans ort corrections and corrections for hetero- 
geneity a” .I. Improved neutron slowing down. 

In general, both data sets describe fairly well Lhr. 
criticality of both uranium ond lutonium assemblies: 
With JEF-2 only fur the % assem ly ZEBRA-GA (char- 
ncteristic for a prototype fast reactor) ken is undarpre- 
dieted by about 2%. 

This tirst as- 
sessment with non-adjusted dnta sets is encournging, 
es 

P 
ecially for the JEF-2 basis. The results were care- 

fu ly analysed and lead to following more debiled 
conclusions. The criticality values ‘ven in Table 2 for 
GODrVA and JEZEBEL may be s Ightly overpredict- T! 
ed due to the npplication of the transport approxima- 
tion: using instead the higher moments of the scatter- 
ing matrices up to P3 may lead to ” reduction by about 
0.3%. However, both data sets underestimate the 
criticnlity of JEZEBEL by about 1% relative to that 
derived for GODlYA. In addition, JENDL-3 gives 
higher criticality values by 0.9% for GODIVA a”d 
0.5% for JEZEBEL, A better ag-reenlent would be ob- 
hined if vof would be sli htly increased for Pu ‘239 in 
JEF-2 (which is canIirme 2 by the fact that k, for pure 
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Pu 239 is 1% lower for JEF-2 relative to JENDL-3), 
and slightly reduced for U 235 in JENDL-3 (assuming 
that 01 ofboth isotopes is known reasonably well). 

With increasing spectrum softness (the assemblies 
in Table 2 are arranged in that order) the criticality of 
U--assemblies tends ta an underprediction with 
JENDL-3 whereas it remains practically unchanged 
with JEF-2. This favorable tendency which gives con- 
lidence in the neutron production cross section of 
JEF-2, does, unfortunately, not continue when going 
to assemblies with even so& spectra, There exists a 
tendency to an overprediction as we found when con- 
sidering e.g. the so-called steam density coefficient as 
measured m the SNEAK-3A series of experiments 
where the hydrogen concentration was increased 
stepwise. In this case Ak(AH) was in much better 
agreement with experiment when using JENDL-3 in- 
stead of JEF-2. This leads to the conclusion that in 
JENDL-3 the energy dependence of vor(E) and/or of 
a(E) for U 235 in the e ithermal range up to a few 
keV may be more suitab e than that of JEF-2 (having P 
in mind that o, for U 238 of both files is in rather good 
agreement). 

The already mentioned underprediction of critical- 
ity for the Pu-fueled critical JEZEBEL by JEF-2 be- 
comes even more significant for the assemblies ZPR 
III-48 and ZEBRA-GA with softer neutron spectra 
(JENDL3 shows a similar but slightly less pro- 
nounced tendency). A discrepancy of about 0.7% in 
k,r resulting between both tiles is not very encourag 
ing because both assemblies are considered to be re- 
presentative benchmarks for medium-sized prota- 
types of LMFBR power reactors. 

Our intercomparisons clearly demonstrate that for 
hard spectrum k, experiments ,which are sensitive ta 
the U238 inelastic scatterin 

2 
such as ZEBRA-8H. 

SNEAK-S, ZPR IX-Z!, which ave U-fuel, JEF-2 may 
lead to an underpredlction by about l%, but this un- 
derprediction increases considerably (to more than 
2%) with JENDL-3 which clearly indicates that the 
energy loss caused by neutron inelastic scattering on 
U 238 is too large in JENDL3 and should probably 
also be slightly reduced in JEF-2. For the Pu-fueled 
k,-experiment ZPR III-55 the difference between 
JEF-2 and JENDL-3 exceeds l%, but both ker-values 
seem acceptable with no clear preference for one of 
the two tiles. 

A rather striking discrepancy between both data- 
sets was observed when comparing ken for similar 
compositions but dillering in the fissilc material. A 
typical example is ZPR-6-6A ond ZPR-6-7 or other 
combinations, like SNEAK-2A-Rl and SNEAK-GA- 
Zl or the inner core configurations of SNEAK 9AO 
and SNEAK-9B. In all these cases we observed that 
k,if (JENDL-3) - k,r (JEFZ) was roughly + 1% for Pu- 
fueled compositions and -1% fat U-fueled ones. In our 
opinion this surprising feature deserves further in- 
vestigations, although the k&values will probably 
stay in a 21% uncertainty range. but in our opinion 
advanced nuclear data files should lead to better re- 
sults because uncertainty bands of that amount were 
typical of adjusted group constant sets one or two dec- 
ades ago. 

Intercomparison of Important Nuclear Data from Dif- 
ferent Modern Dnto Files 

In this contribution it is possible to give only 
some selected examples for present da differences in 
the fundamental dab fi!ss. In the hig x energy range 
the inelastic scattering of neutrons on heavy nuclides 

is of high importance. 
between JEF-2 data a 

shows a comparison 
e from the adjusted 

KFKINR set for U 238. The data differ nooreciablv: 
although adjustment not necessarily im,&oves ti;d 
cross sections themselves, it might be concluded that 
JEF-2 data mi ht be changed into the direction of 
JEF-1 data, w lch i. almost coincide with those of 
KFKlNR. JENDL-3 data also differ from JEF-2 data. 
This is more pronounced for Pu 239 (Fi 2) where a 
difference of up to 40% around 100 ke + 1s seen. In &, 
3 the inelastic scattering cross section for Pu241 is 
depicted for the data files JEF-ZI JENDL-3, ENDFIB- 
VI and BROND-2: This situation. although not so 
important as for U 238, is highly unsatisfactory. 
Moreover, for JEF-2 and JENDL-3 the differences in 
the scattering matrices are remarkable fur all heavy 
nuclides: Here the recently created international 
Task Force for re-evaluation of the inelastic 
scatterin 
Fie. s ows f 

processes might bring some clarification. 
the differences in the capture cross 

section of U 235 between JEF 2 and JENDL-3. The 
diffeences in the range from 100 eV to 1keV were 
alreadv mentioned before. Soecinl emohnsis should be 
given io the energy dependence of d, in this range. 
Fig. shows the comparisoh of the Fission cross 
section of Pu 240 between JEF-2 and ENDFIB-VI. 
These large differences (up to about 80’7cl should be 
investigated. Fle. gives the dif&rencrs of the 
ca ture cross section for Pu 241 between the 
BLOND-2 and JEF-2 libraries. A ain, 

f 
these 

differences should be clarified and remove 

Conclusion 

In R first assessment, the recently evnluated dnta 
tiles JEF-2 and JENDL-3 hove been tested for thcr- 
ma1 reactors (PWR’s) and for a some fast critical as- 
semblies with uranium and plutonium fuel oi varying 
neutron spectra (from very hard to soft). For PWR’s 
nuclide concentrations after a burnup of about 30 
GWd/t agree well with experimental results with the 
exception of Cm 242. For fast critical assemblies criti- 
cality velues obtained with JEF-2 data are mostly 
very near to experimental ones. The discussion of 
these results show that further improvement seems to 
be necessary, especially far inelastic scattering of 
neutrons on heavy materials, the values of otE) in 

values for U 235 in the res- 
mm-se ran cross section of Pu 240 

Am 243, and Cu 244, which are not dis- 
cussed in this contribution. 
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