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1. - INTRODUCTION

Du musst versthen!

Aus Eins mach zehn,

Und Zwei lass gehn,

Und Drei mach gl-~ich,

So bist du reich.

Verlier die Vier!

Aus Funf urd Sechs -

So sagt die Hex -

Mach ists vollbracht:

Und Neun ist Eins,

Und Zehn ist Keins,

Das ist das Hexen - Finmaleins! /1/

It is petting more and more difficult for reactor phys-
icists and designers to identify the hidden "sigillum Saturni”
in the hure collections of data for neutronics calculations
which pile-up year after year. Thus, there is strong necessity
of both frequent critical revisions of the work already done
and simply defined up-datings, as far as possible in the frame-
work of standard processing procedures.

In this report we will be mainly concerned with revisions
and up-datings, based on ENIY/B version 3, of fast reaclor neu-
tron cross sections libraries in the so-called "Bondarenko"

format /2/.
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As a background for the presen: work a number of basic
choices were ocutlined in a review revort /3/, and reference to
previous work letails can be found in /4/.
To re iz : 3 A i i i
surmarize the present situation we can briefly recali: 2. - USr OF THE ETOX CODE AKND THE GENERATION OF MULTIGROUP
8] the ENDF/3 lata arnd file format were Zenerally aiortedi at CROSS SECTIONS
- oo\ o .
CAEX /37,
b) it was suggeste: /3/ a methoislory of counled use of both
the ultrafine groun 5/ ant tn »Lf-shieldi 1< ‘
grouns /5/ ant the self-snieldine factors />/ ; A number of minor molifications were necessary to run
philosophuies; iri i i
’ - successfully the ETOX-3 codn /T/. The modifications are mainly
Al
¢/ a number cf coles were imvlementedl ani in narticul he
rticular the ~ related to the increased dimension of version 3 of EIDF/B with
ET73X-1DX /45, 7/ codes system [see pararraph 2). € hanili -
’ : ' -raps oty sor aaniiiare 1 respect to previous versions. In particular, the U-235 resolv-
the Borndarenko fcrnmat, % i i
i el resonances Jdata and the number of points for the iron O,
d) for the vest use o5 tre metn~inlory menticonetl in b)), a camman : : : ifi 1
. ’ nrman { required special treatment. Other modifications are relatedl
energy Brcun siructure was alartel, basedi on half letrars i i i
. » etharecy to the possibility of dealing with the nultilevel Breit-Wirner
#1dthns, for bLaotn libraries tased or on self-shieldine Factowrs r v 2
\ IR ormalism,
or ultrafine grouvs; : i
The following ENDF/B version 3 materials were processed:
e) cross section adjustments in the enerfgy structure aiontel U-234, U-235, U-238, Pu-239, Pu-2L0, Pu-241, Pu-242, Mo-98
? - 9’ ” 4 ’ ’ y ’ 1]
and for the =« ENDF/B ¥ ¢ ive-
e most recent ENDF/B data, were derived for a fow Ta-181, Ta-182, Cu, 4n-55, Pe, Cr, Al-27, Na-23, 0-16,°C-12,
relev i m i i i
levant 1sotopes from a corrclation with h17h-accuracy hench- 38-17, B-11, Au-197. In the same collection, it was thoupght
’ ’ . * ’ M
mark integral exneriments (see nararraph 2); ‘
? o o necessary to include Fe, Cr, Ni derived from ENDF/B version 1,
f) the interfaces nreviously 4 e b it 4 ies ¢
i v develeret /B/ with nestronics colns in view of the unsatisfactory results so far obtain with the
are stiil used, but a new cole (10X) is intreduced to prorcess corresponding version 3 materials /9/

cross section lata, beside the PRAVDA code /2/.
’ A Self-shielding factors were generated corresponding to

the following values of the potential cross section: .01 b,
10 b, 100 b and 1000 b. Temperature T denendence was introduc-
ed considering 3 values of T: 300 K, 900 K and 2100 XK.

Both infinite dilution cross sections and self-shielding
factors wvere generated in the multigrouo energy structure given
in Table I, based on half-lethargy widths. The same multigroup

structure vas used in all the calculations in which the ultra-




fine group methodology was used as it is indicated in a compa-
nion report, dealing with such methodology /10/. The use of
this multigroup structure prevents further use of the original

ABBX library or KFK data /4/. On the other side, the complet-

ness of the ENDF/B files will provide the necessary replacements.

Tables for all the materials are given in Aprendix I.

3. - ADJUSTED CROSS SECTIONS.

Correlation between intesral experimental data and multi-
group cross sections has become a routine way to "up-date”
neutron cross sections libraries in many leadinpg Fast Reactor
Programs abrnad (UK, France, Japan). From our side, we used
the integral benchmark exneriments performed in ZPR-6 Assembly
7 and in SNEAK Assemblies TA and 7B to adjust some of the pre-
viously mentioned materials derived from ENDF/B version 3.

In particular K.ppe and clean reaction rates ratios (238U cap-

239

tures to 239py fissions, 236U fissions to Pu fissions and
235y fissions to 23%pu fissions) exveriments verformed in the
three assemblies vere used to adjust the 2380 6.» O¢ and d}n,
the 239y, 6r and fission spectrum, and the 235y rission.cross
section /11/. The main trends of the adjustments are vell
justified if compared with recent independent evaluations.
doreover if we consider the folloving sequence of successive
steps:
a) Use of EUDF/B version 1 (released 1970);
b) Adjustments of ENDF/B-1 with ZPR-6 Assembly 7 experi-
mental results (1971-1972) /12, L/;
¢) Use of ENDF/B version 3 (released 1972);
d) Adjustments of ENDF/B-3 with ZPR-6 and SNEAK experi-
mental results (1973) /11/,

ve have an increasing number of consistent informations exnloit-




ed in an optimal way. In fact, from step a) to b), consistency
vas gained with a series of highly reliable experiments.
However, since the basic data vere ;ometimes rather unsatis-
factory (e.g. 239py x  and 235y Gf), the adjustments too could
be gquestioned.

With step ¢) , new and more accurate data wvere introduced
in the basic data collection. It is interesting to note that
the data of step b) already indicated, independently, the trends
of the nev data of step r) /12/. A higher depree of sopnhistica-
tion and, hopefully, of confidence, was reached vith step d),
vhen nev benchmark integral data were taken into account and
using a more accurate set of basic data as a starting point.

Tables for the adjusted isotopes, U-238, Pu-239 and U-235
are given in Appendix II. It has to be kept in mind that the
fission spectrs, which must be used in connection with the dats
of Appendixes I and I1, are Maxwellion distributions with s
temperature T = 1.35 MeV in the case of U-235 and T = 1.4l MeV

(adjusted value, unadjusted T = 1.46 MeV) in the case of Pu-239.

. - iINTERFACES

As poreviously described /4/, the neutron cross section
libraries in Bondarenko format are provided in a form suitable
toc be processed by neutronics calculaticn codes of genersal use,
via the PRAVDA code /8/.

This capability was preserved with the ENDPF/B-3 data (both
adjusted and unadjusted). The list of the identification numbers
for the isotopes, when usel with the PRAVDA code, is given in
Table IT.

The data are also stored in the format requirrd by the 1DX
code /T/. This was done in view of a relevant imorovement in the
treatment of the elastic moderation, bised on the continuous
sloving-down theory /13/, which gave rise to a new vergion of
the 1DX code /1b/. Since the PRAVDA code did not include any
special provision for this problem, which is one of the weak
points of the self-shielding method, the 1DX code will probably

be used in the future.
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S. - CONCLUSIONS.

With the implementation of the ETOX code on the CXNEY
computer environment, it was possible to generate an up-to-date
library for fast reactors calculations. This was the first step
in the work in progress of optimal neutron cross sections gene-
ration, the next step being the adjustment of the multigroun
parameters using a statistical procedure of correlation with
integral experiments. Both adjusted and unadjusted cross sections
for a large number of materials, were prepared in formats
compatible with the interfaces with neutronics codes in use at
CKEN. Future work in this field will be devoted to the already
announced ENDF/B version 4 data. For what concerns the adjust-
ment procedures, it is thought that in the future the correla-
tion will be applied directly to the nuclear parameters and no
more to the multigroup data. This is the so called consistent
method /15/, which will give much more confidence to the adjust-
ed data, which in turn will be in the form of a "corrected" date
file to be processed by any of the existing multigroup cross sec-

tion generation procedures.
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TABLE II
TABLE I
List of elements available in Bondarenko format (number of
identification for the data set in the PRAVDA format)
Lower Energy (eV)
1 6.06 x 106 N::b;;' Isotope Comments Temperature
.68
i 3,23 1 B-10 EKDF/B version 3 300 K
L 1.35 " 2 B-11 " "
5 0.821 ., 3 c-12 " "
6 0.498 . U 0-16 " _ "
7 0.320 " 5 Na-23 " "
5 0.163 . 6 AL-27 " ’
0.111 7T Mn '
1(9) 67.4 x 103 i 8 cr " "
11 40.9 . 9 Fe :: ::
12 2L4.8 . ‘ 10 Cu
13 15.0 Y ' 11 Mo " "
14 9.12 Y 12 Mo " 900 X
15 5.53 Y 13 Mo " 2100 K
16 3.36 . ; 14 Ta-181 " 300 X
17 2.0k " 15 Ta-181 " 900 K
18 1.23 ) 16 Ta-181 " 2100 k
19 TL8. x 10° . . Y Ta-182 " 300 K
20 Lsh. " 18 Ta-182 " 900 K
21 275. 19 Ta-182 " 2100 X
22 101. 1.0 20 Au-197 " 300 K
23 37.3 1.0 21 U-234 " 300 KX
2L 13.7 1.0 22 U-234 " 900 K
25 5.0k 1.0 23 U-23b " 2100 X
26 0.683 2.0 2b U-235 " 300 K
27 Thermal - 25 U=-235 " 900 X
26 L-235 " 2100 X |
27 U-238 " 300 X |
28 U-238 " ’ 900 X |
29 U-238 " 2100 K |
30 Pu-239 ' " 300 K
31 Pu-239 " 900 K |
32 Pu-239 " 2100 X
33 Pu-240 " 300 K
3L Pu=-240 " 900 K
35 Pu-240 " 2100 X
36 Pu-241 " 300 K




follow TABLE II

Pu-242 ENDF/3 version 3
P1-242 "
Pu-242 "
U-235-M Modified ENDFB-3
U-235-M "
U-235-M "
U-238-M "
U=-233-M "
i-233-M "
Pu-239-M "
Pu-239~-M "
Pu-239-M "
Fe-1 ENDF/B version 1
Cr-1 "
Hi-1

with th.s data set, consistent fission spectrum must be
ziven in input to the PRAVDA code (see text).

300
900
2100
300
900
2100
300
900
2100
300
900
2100
300
300
300

MR R KRR R RAARARA”NR
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