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In order to improve the gurrent situation for production of group
cross-section set , we performed intercomparison of energy dependent
cross-section generation codes, i.e. RESEND, RESENDD and RECENT which
are currently used in the nuclear data community. And also the
results were contributed to the international comparisons of energy
dependent cross—-section generation codes, organized by Dr. Cullen of
TAEA.

The ENDF/B V dosimetry file (Vol 531 taped) is adopted as the
commoen input data file. We calculated cold (i.e. 0.0 Kelvin) energy
dependent point-wise cross—sections and also calculated unshielded
group averages in the 620 group SAND-II structures for the convenience
cf comparisons.

Through this assessment, we can not recommend to use the official
version of RESEND code at all due to the erroneous cross—-section
generation for partial reaction cross—sections (other than total
reactien) in the resolved resonance region and also for the
cross-sections in the unresclved region . And for RESENDD code, it
has problems following three points:

7) proctess error in the constant background cross section treatment
in file-3 given by interpolation scheme 1,

2y dinsufficient data points generation in resotved resonance range
for very narrow resonances, this affects resonance intégraLs by
several tens percent overestimation for the worst case,

Z) violating the process criteria in unresolved rescnance range,
in this range cross—secttions other than the tabulated energies
should be defined by interpolating the generated cross—-sections
at the tabulated energies{not the unresolved parameters).

Hence, at present stage, we recommend to use RECENT code to generate

energy dependent point-wise cross~sections.

Keywords t Benchmark-test, Cross—-section, Point-wise Cross—-section-—
Generation-code, RESEND, RESENDD, RECENT,
International Comparisons, Resonance Cross Sections.

+ Division of Physiecs, Tokai Research Establishment, JAERI

(1)



JAERI-M B82-128

THANF - RENERIE s~ FRESEND, RESENDD,
RECENT DA H H#&

AARREF AN EGFEFEREFELYE
E&N BH-mEAE £

(1982 #£ 8 H198Z#)

BHEH e P OERIKET IERERE T A, T2V F—KENEREER2 - FO
&2 iT-7, OB F/-a2—-FKik, RESEND, RESENDDRURECENTTA0H,
WETENLHEK T 2312274 -THbhT3, TCTHOoNALHERIE, TAEA
DDr, Cullen R L ->THEIN:, T2 vF—REHEBREIE - FEBLEEICEHES L
foa

KBOAHF—FEL T, ENDF/B-VOF YA Y~ 75740 (Vol 531)
DBEEN, 0k DEBEEICHT Bpoint —wise T BT EEIL, HEEBEEDH 9L
TEHRHITOBHOSAND-IR#EETOEANERGHFRES N/,

ABEP» S, RESENDOAXBMOBRIE2HED NV, Z2hid, SHLBBON
HELSVWTR, 2NEECELLF =y 7 LIEVAKR, thofosiEABICEROBREL
bhodad, THESEBCOVTOMENS LI LILLSE, SHLICRESENDD D
WTHE, ROZAIRODVWTHIEXSH S ; 1) Filed3 oWt LTHRABARLITEL DS
NAWHBEOBREVICAESLD S, 2) IFBICROUIMERBLSLVIZOWT, REFT—4
Bt a T, RBEOBES, EREMEE L THTBOBRFMERI2BE50H 5,
3) FENHMARBKOMTFCH > Tid, FOBLB S FA—sPEBEIZ oLz 30 F—HE
ATOMERE, KM 72 - I BFBAONB 2 VF - ETONEEOABITL S
XTH-T, EQB A -FYORBETH-> TRBOBTVORIHLT, ThEBELLTH
B, BFATH, =i ¥ RENKEHROERICH L THE, RECENTOER HYD >0
%,

+  PrERE



=~ W

JAERI-M 82-128

CONTENTS

Introduct‘ion ................................................................................................ 1
BENCHMARK SPecifiCatfonms corrererrmsmatmmsnaines i iainsina st 2
DiscuUSSTon For the RESULES oottt 5
O M E L LS § O <sormerserassas s ease e et e saEaL et e e e sy e eSS L 37
R @ €I G @S ~rrortri s oe s tar e e ae s oL 38
A CKMOWL @A GMEES oorerrrrrr st hssscs fE st e 38
Appendicés
A.1 SAND=II 620 Group SELruCtURe ot 39
A.2 Detailed Analysis for Erroneously Generated Cross

Sections of RESENDD for Very Narrow Resonances o 42

B &

=4 BB et 1
NGz 7w F R RAERR seeeeeerreee e 9
G BT LB ER oot L L 5
i e L T 37
% BR -enneee e e L 38
% BB —tteneas e e 28
£t i
Al SAND— 620 BEBERERE -oemeeeee P R PP I PP TP 39

A2 FEERBVOELE L <AL TDORESENDD iC & 5 Wi HEOF MM - 42

(3)



JAERI-M 82-128

list of tables.

Table 2.1 Nuclides and reactions adopted as comparisons.
Table 3.1 Running performance of processing codes.
CPU time and generated data points.
Table 3.2 Performance of processing codes.
Relative CPU time and relative generated data points to
the RESENDD result.
Table 3.3 Performance of processing codes.
~ CPU time per one generated data point.
Table 3.4 Performance of processing codes.
CPU time per one resonance level{resolved + unresolved).
Table A.2.1 Effect of effective digits in RECENT and RESENDD codes
to the integrated results.

4)



JAERI-M 82-128

list of figures.

Fig.3.1.1

Fig.3.1.2

Fig.3.2.1:
Fig.3.2.2¢
Fig.3.2.3:
Figa3.2.4:
Fig.3.3.1:
Fig.3.3.2:
Fig.3.3.3:
Fig.3__4.1:
Fig.3.4.2"

Fig.3.4.3:
Fig.3.4.4

Fig.3.4.5
Fig.3.4.6
Fig.3.5.1
Fig.3.5.2
Fig.3.6.1
Fig.3.6.2
Fig.3.

6.3
Fig.3.6.4
Fig.3.6.5
Fig.3.6.6
Fig.3.6.7

Fig.3.6.8

Cross-section ratio for Na-23 {n,gamma) in SAND-II
620~group structure (17.

Cross—-section ratio for Na-23 {n,gamma) in SAND-II
620-group structure (2).

Cross~section ratio for Np-237 (n,f) in SAND-1I1 620-group
structure (1).

Cross-section ratio for Na-237 (n,f) in SAND-II 620-group
structure (2.

Neutron cross-section of Np-237 (n,f¥) from 100 eV to 250

eV.
Neutron cross-section of Np-237 (n,¥) from & keV to 50

“keV.

Cross—section ratio for Au-197 {n,gamma} in SAND-II
620-group structure (1).

Cross-section ratio for Au-197 (n,gamma) in SAND-II
620-group structure (2).

Neutron cross—-section of Au-197 ¢n,gamma) from 4.5 keV to
5.25 keV. -

Cross—section ratio for Th-232 (n,f) in SAND-11 620-group
structure (1.

Cross-section ratieo for Th-232 (n,f) in SAND-II 620-group
structure (2). .

Neutron cross—-section of Th-232 (n,f) from 1 keV to & keV.
Cross-section ratio for Th-232 (n,gamma) in SAND-II
620-group structure (1).

Cross-section ratio for Th-232 (n,gamma) in SAND-II
620-group structure (2).

Neutron cross—section of Th-232 (n,gamma) from 1 keV to 4
keV.

Cross-section ratio for U-235 (n,f) in SAND-1I1 620-group
structure (1).

Cross—section ratio for U-235 (n,F) 1in SAND-II 620~group
structure (27.

Cross—-sectiaon ratio for U-238 (n,f) in SAND-II 620-group
structure (1J.

Cross-section ratio for U-238 (n,f) in SAND-1I 620-group
structure (2).

Neutron cross-section of U~238 (n,f) from 10 eV to 50 eV.
Neutron cross—-section of U-238 (n,f) from 1 keV to 2 keV.
Cross—-section ratic for U-238 (n,gammay in SAND-II
620-group structure (1).

Cross—section ratio for U-238 (n,gamma) in SAND-II
620-group structure (2).

Neutron cross-section of U-238 (n,gamma) from 10 eV to 50
eV .

Meutron cross—section of U-238 (n,gamma) from 1 keV to 5

5}



JAERI-M 82-128

keV.
Fig.3.7.1 Cross-section ratio for Pu-239 (n,f) in SAND-II 620~group
structure (1). _
Fig.3.7.2 Cross—-section ratio for Pu-239 (n,f) in SAND-I1I 620-group
' structure (2). :
Fig.3.7.3 Neutron tross—-section of Pu-239 (n,f) from 1 keV to 10
keV.
Fig.3.8.1 Cross-section ratio for Sc-45 (n,gamma) in SAND-II
620-group structure (1),
Fig.3.8.2 C(Cross-section ratio for Sc-45 (n,gamma) in SAND-1I1I
- 620-group structure (2).
Fig.3.9.1 C(ross-section ratio for Fe-58 (n,gamma) in SAND-II
620-group structure (1),
Fig.3.9.2 C(ross~section ratio for Fe-58 (n,gamma) in SAND-II
620-group structure (2). ’
Fig.3.9.3 Neutron cross-section of Fe~58 (n,gamma) Ffrom & keV to &.5
keV.
Fig.3.10.1 <(Cross~section ratio for Cu-63 (n,gamma) in SAND-II
620~-group structure (1).
Fig.3.10.2 Cross-section ratio for Cu—-63 (n,gamma) in SAND-II
620-group structure (2).
Fig.3.10.3 Neutron cross—-section of Cu~63 {(n,gamma) from 1 eV to 10
keV.
Fig.3.11.1 Cross-section ratio for Cu-63 (n,gamma) in SAND-II
620-group structure {(1).
Fig.3.11.2 <(Cross-section ratio for Cu-63 {(n,gamma) in SAND-1II
620-group structure (2).
Fig.A.2.2 Qutput from RESENDD for Fe-58{(n,gamma) &4~digits
representaion for energy field.
Fig.A.2.2 Output from RECENT for Fe-~58(n,gamma) 9-digits
representaion for energy field.
Fig.A.2.3 Fe-58(n,gamma) cross-section curve and integrated one for
RECENT and RESENDD codes.
Fig.A.2.4 Th-232(n,f) cross—section curve and integrated one for
RECENT and RESENDD codes.

6)



JAERI-M 82-128

1.Introduction

Recently so many attentions are given to codes for generating
neint cross—-sections from resonance parameters of ENDF/B type data.
At present, ENDF/B type data—-treatment is thought as standard one for
most applications of cross-section data. In spite of the fixed data
processing procedures, energy dependent point-gross—-sections generated
from sevearal cedes sometimes differe as much as 50 times among theﬂlt

We have been used the RESENDD‘Z) code for the generation of point
data from resonance parameters for these several years. This
nrocedure is thought as standard one for the most of the users
including the reactor design and shielding in our country. This
PESENDD code is a modified one of the official version of RESEND codew)
potished—-up by the user's experiances. But none of the
comparisons were made up to now about the code accuracy and
performances between the two codes.

Recently we received a progranm RECENT(%) to calculate energy
dependent point—-wise cross—sections from ENDF/B file 2 and file 3:
the same purpose as RESEND or RESENDD. At the same time, we
received a letter urging to participate in the international
comparisons , organized by Dr. Cullen of IAEA ’ of energy dependent
cross—section production codes .

Under these circumstances we decided to participate in the
international comparisons of the energy dependent point—cross—-section
generation codes in order to point out the problems arised, or to
clarify the problems involved in the code RESENDD. In addition,if we
coultd, we would Like te confirm the recommended code or procedures.
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2. BENCHMARK Specifications
A. Evaluated Nuclear Data Library Adopted for Comparisons.

ENDF/B-V DOSIMETRY FILE. tape number: 531

AlLL nuclides whose cross—-sections are calculated by the
resonance parameters.

Total Nuclides: 11

Number of Reactions:i: 14

for details, see Table 2.1

B. Testing Codes.

a. RECENT(4;
b. RESENDD'?
c. REsenptd)

C. Testing Condition.

Machine: FACOM M-200
FORTRAN HE-COMPILER.

D. Running Condition:

|
|
| . - - -
| Generated cross—-sections are for 0.0 degree in kelvin i.e. cold
| cross—sections.

|

a. RECENT
LINEAR: 0.1 % ; error tolerable Limit for the general

interpolation scheme to linear- linear
interpolaticn scheme.
N.B. RECENT can not accept the data represented by
general interpolation scheme,

RECENT: ERROR CRITERIA ;ERR= 0.1 %
No option for backward thinning.

i.e. File 2 + 3 ERR = 0.0
Where backward thinning:
data manipulation for eliminating unnecessary
energy points after the whole cross section
(resonance pltus background? generation.

b. RESENDD
ERR: 0.1 % AVERR: 0.0 LSIG: 1.0E-10

c. RESEND
ERR: 0.1 % AVERR: 0.0
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N.B, owing to the enormous cpu time consuming calculation
for this RESEND code, we had to use the following error,
as a tolterable Limit for the nuclides specified below:
Au-197, Th-232 t ERR= 1.0 %
U-238 ¢ ERR= 10.0 %

Where ERR: The maximum fractional errors used in reconstruc-
imng cross-sections: the differences between the
generated and interpolated cross-sections at
the neighboring generated points.

AVERR: 0.0 indicates exact treatment for distant

. resanances,

LSIG: Allowable lLowest cross—section value.
I¥ a generated point cross—-section is less than
this LSIG value, the output cress~secstion 1is
reset to LSIG.

E. Procedures for Comparisons

1. Comparisons of plotted data +or each processed output,
Plot is made in the same scale and in the same sheet.

2. Comparison of the group—averaged data by the SAND-II 620-group-
structurew) for each processed point~cross~section data.
froup averaging was performed using GROUPIE code with
constant weighting fluxes.

Ratios of the greoup averaged cross—sections for
a. RECENT / RESENDD
b. RESEND / RESENDD

are given in the output Llists and plotter output.

N.B. see Appendix-1 for 620-group SAND-II structure.
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Table 2.1 Nuclides and reacticns adepted as comparisons.

No Nuclide MAT No Resonance For- No of Reaction
Energy Bound. Region mulae reson.

1 Na-23 6311 6.0E+2 S.0E+5S resolved MLBW 12 (n,gamma)

2 Np=-237 6337 3.08-1 1.3E+2 resolved SLBW 170 (n,fiss)
1.3E+2 4.0E+4 unresclyv 134

3 Au=-197 6379 1.C0E~-5 4.83+3 resolved MLBW 263 (n,gamma?

4 Th-232 6390 5.0 4L.,0E+3 resolved MLBW 352 (n,fiss)
4 . 0E+3 S.Q0E+4 unresolwv &7 (n,gammal

5 u-235 6395 1.0 8,2E+1 resolved SLBW 130 (n,fiss?
B.2E+1 2.5E+4 unresolv 137

o] U-238 46398 1.0 L.0E+3 resolved MLBW 164 {n,gamma)
4L .0E+3 1.49+5 unresclv 36 (n,fiss)

7 Pu-239 6399 1.0 3.01+2 resolved SLBW 128 {n,gamma)
2.01+2 2.5E+4 unresolv G4 {n,fiss)

B8 Sc—-45 6426 1.0E-5 9.6%9+4 resolved MLEBW 79 {n,gamman

g Fe-58 6432 1.0E-5 3.5E+53 resolved SLBW 12 (n,gamma’

10 Cu—-563 6435 10. 1.59+4 resolved MLBW 19 {n,gamma’

11 In-115 6437 1.0E-3 1.00+3 resolved SLBW 8¢9 {n,gamma?’
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3. Discussion for the Results

I. Running Performance for Each Codes

Running performances are given in Table 3.1 to Takle 3.4:

Table 3.1 CPU time and generated data points,

Table 3.2 Relative CPU time and relative generated data
points to the RESENDD result,

Table 3.3 CPU time per one generated data point,

Table 3.4 CPU time per one resonance tevel(resolved +

unresolved).

a. From these tables, required CPU time is shertest for
RESENDD code, next is for RECENT and the lLast is RESEND.
RESEND requires enormous ¢cpu time for processing of the
multi-lLevel resonance parameters.

IT. Results for Each Nuclides
1.Na-23 (n,gamma’
a. Agreement between RECENT and RESENDD is perfect.

b. Difference between RESEND and the rests is very lLarge.
For 20 keV to 200 keV, RESEND overestimate the
cress-section systematically up to 15 % . This
overestimation severely affects the estimation of
Na-void reactivity cocefficient for fast reactors.

This difference is inmtroduced by the the fact that
the RESEND code do not check the partial cross sections
at all other than the total cross section.

Fig.3.1.1 Cross—section ratio for Na-23 (n,gamma) in
SAND-II 620-group structure (10,

Fig.3.1.2 Cross-section ratio for Na-23 {(n,gamma) in
SAND-II 620-group structure (2J.

2. Np-237 (n,fiss)

2. For the energy range from 120 eV to 200 eV , difference
in the cross—-section curve s Llarge between the result
from RECENT and the rests. {(see Fig.3.2.3) This energy
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range is unresclved-range, and the unresolved resonance
parameters are tabulated at 138 eV and 198 eV. In this
energy range, RESEND or RESENDD generate cross sections
other than the tabulated genérgies by interpolating
rescnance parameters.But this preocedure is not
recommended now. Cross—sections should be calculated
for the tabulated energies in this unresclved rescnance
range, and cross-sections other than the tabulated
energies should be defined by interpolating the
generated cross—-sections( not the unresolved
parametrers).

For the energy range 5 keV to 40QkeV, RECENT gives
systematically high results. (see Fig.3.2.42 Here RECENT
resutts are given only 2 data points i.e. L,.954 keY and
40. keV, cross—-sections are 0.01102 and 0.01178 barns
respectively. On the other hand, both RESENDD and
RESEND cross—sections exhibit some energy dependence. We
cannot think this difference in the cross—-section curve
is introduced by the difference in the interpolation
procedure adopted in those codes. Original data given
in the ENDF/B file of resonance parameters, only 2 data
points are given for this energy range. And this energy
range is unresolved range. The difference in RECENT
and others comes from the same reasons as previous one.
From the recommendation in the CSEWG, the cross—-sections
should be interpolated, neot for the parameters. RESENDD
and RESEND code may be seen violating this
recommendaticon.

The difference in the cross-section curve between
RESEND and the rests is aquite large, i.e. the ratio lies
0.2 to 2.0. This is mainly due to the process procedure
error in the RESEND code, in this code no cross—section
curve theck for partial cross-sections are performed
other than the total reaction.

Fig.3.2.17: Cross-secticen ratic for Np-237 (n,f) in
SAND-II 620-group structure (1),

Fig.3.2.2: Cross—section ratic for Na-237 (n,f) in
SAND-II 620-group structure {(2).

Fig.3.2.3: Neutron cross-section of Np-237 {(n,f>
from 100 eV to 250 eV.

Fig.3.2.4: Neutron cross—-section of Np-237 {(n,f)
from 4 keV to 50 keV.

3.Au-197 {(n,gamma)

a.

At about 4.8 keV; resolved and unresolved —connecting
point, cross—section curve for RESEND and RESENDD
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a.
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exibits unphysical shape. (see Fig.3.3.3) But this is
due to the specification error of the resonance range in
original data in ENDF/B-VY, i.e. resonance range is
defined from 1.0E-5 eV to 4.827 keV and Last resolved
resonance is assigned to this L.827 keV. Then such a
treatment found in RESENDD or RESEND is faithful one to
the original data. But for the users ,RECENT treatment
is more acceptable due to eliminating the damage from
overestimation at the averaging process.

The difference between RESEND and the rests is large,
i.e from 100 eV to 1 kel, generated cross-sections by
RESEND are systematically high.

Fig.%.3.1: Cross-section ratio for Au-197 (n,gammal in
SAND-II1 620-group structure (1>.

Fig.3.3.2: fross-section ratic for Au-197 (n,gamma) 1in
SAND-II 620-group structure (2.

Fig.3.3.3: Neutron cross—section of Au—-197 {n,gamma?l
from 4.5 keV to 5.25 keV.

* m a w e W e e s w e ¢ ®» w ®  moE mw 4 u S B SE=®E “ & m u w s wewaw w @ ¢ @ ¥ e v s w8

fiss?

From 1 keV to 4 keV energy range, the results are rather
different beteween RECENT and RESENDD. At &4 keV,
resoilved and unresolved data are connected. For this
energy range, from 1 keV to & keV, & number of very
narrow resclved levels are available as seen in
Fig.%3.4.3 . From the detailed amalysis performed in
Appendix A.2, this difference is introduced by the
sparse data-points generation for very narrow resonances
in RESENDD code.

For the emergy range & keY to S5C0 keV,some cross—se:. ion
values other than 0. (i.e. 1.E~10) are generated by
RESENDD code, in this range cross-section should be O..
This is due to LSIG option adopted in RESENDD code i.e.
L51G=1.0E-10 .

The difference bhetween RESEND and the rests is large in
the resonance region; i.e. RESEND code overestimate the
cross—-section systematically up to 20 #%.

Fig.3.4.1: Cross—section ratio for Th-232 {(n,f) in
SAND-I1 620-group structure 1.

Fig.3.4.2! Cross—-section ratio for Th=232 (n,fY in
SAND-II 620-group structure (2).

Fig.3.4.3% Neutron cross-section of Th-232 (n,*f)
from 1 keV to & keV.
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Th-232 (n,gammal
a. The results from 1 kev to 4 kev are rather different {(up

5.U-235

&.U-238

to 10 %) beteween RECENT and RESENDD. At 4 keV,

resolved and unresolved data zre connected. For these

energy region , from 1 keV to 4 keVY, 2 number of
resclved levels are available as seen in Fig.3.4.56
The difference i3 due to erroneous cross—-section

generation by RESENDD and RESEND codes for very narrow

resonances., {see details Appendix A.2>

Fig.3.4.4 Cross—section ratio for Th-232 (n,gamma) 1in

SAND-II &620-~group structure (1).

Fig.3.4.5 Cross-section ratio for Th-232 {(n,gammal) in

SAND-II 620-group structure (2.

Fig.3.4.6 Neutron cross=section of Th-232 (n,gamma)

from 1 keV to 4 kel,

{n,fiss?)

a. Agreement between RECENT and RESENDD is5 gquite well.

b. Difference between RESEND and others is maximum 15%
systematically Large.

Fig.3.5.17 Cross~section ratio for U-235 (n,f) in
SAND-II $20-group structure (13.

Fig.3.5.2 Cross-section ratio for U-235 (n,F) in
SAND=-I1 620-group structure (2.

(n,fiss)

a. Agreement between RECENT and RESENDD is generally well
except at about 35 eV and 1.2 keV.

b. At about 35 eV, resolved resonance peak cross—-section is
aquite different {more than 50 times large) only for
RESENDD code. F.e. The resonance cross—-section of
RESENDD at 36.6 eV is quite large compared with the
rests,

GROUP ENERGY RANGE RESENDD RECENT RESEND

249 from 34 eV to 36 eV: 1.725E-4 3.201E-6 3.315E~
250 from 36 eV to 38 eV: 1.616E-3 2.919E-4 2.904E-

Original ENDF/B data are given by the followings;
Resonance parameter: s-wave

6
4



Uu-238

- .o

{(n,
a.

b.

GROUP
249
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resonance energy = 3.667+1 eV
' = 5.683-2 ev
' # = 8,877-9 eV
smooth tross—section: from 1 ev to 4L.0kev = 0.0 barns.

This difference is introduced by the same reason of
Th=-232 (n,f) or Th-232 (n,gamma) error cases. i.e.
RESENDD code generates rather coarse energy data points
for this very narrow resonance., It results toe such an
enormous differences when integrated. Generated cross
sections are given in Fig.3.6.3 for each codes.

At about 1.3 kev , 2 gap is detected . A highest lLevel
parameters whose fission widths other than 0.0 is given
at 1.267 keV. And this difference is attributed to the
same reason as above. i.e. Erroneous coarse eneregy
mesh generation for the lower energy part of this very
harrow resonance cross-section. Generated cross-
sections are given in Fig.3.6.4 for each todes.
Difference between RESEND and others is systematically
Large by maximum 40 Z%.

Fig.3.6.1 Cross—-section ratio for U-238 (n,f) in
SAND~1I 620-group structure (1D2.

Fig.3.6.2 Cross—-section ratio for U-238 (n,f) in
SAND-I1 620-group structure (2.

Fig.3.6.3 Neutron cross-section of U-238 (n,f)
from 10 eV to 50 eV.

Fig.3.6.4 Neutron cross-section of U-238 (n,f)
from 1 keV to 2 keV.

gamma )

Agreement between RECENT and RESENDD is generatly

well except at about 35ev and from 1keV to 5 keV.

At about 35 eV, resclved resonance peak cross—section is
quite different (more than 50 times large) only for
RESENDD code. i.e. The resonance cross-section of
RESENDD at 36.6 eV is quite large compared with the
rests.

ENERGY RANGE RESENDD RECENT RESEND
from 34 eV to 36 eV: 4L.450E+2 7.962E+0 B.256E+0
from 36 eV to 38 eV: 4.172E-3 7.5386E-4 7.495E+0

(barns?
‘Original data given in ENDF/B V.
Resonantce parameter: s—-wave
resomance energy = 3.667+1 eV
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' = 5,.683-2 ev
I'''g = 2.292~2 eV
smooth cross—-section: from %1 ev to 4.Dkev = 0.0 barns.

This difference is introduced by the same reason of
U~-238 (n,f) error case.,. i.e. RESENDD c¢code generates
rather coarse energy data points for this very narrow
resonance. It results to such an encormous differences
Wwhen integrated. Generated cross—-sections are given in
Fig.3.6.7 for each codes.

¢. For the energy range from 1lkev to 4 kev, difference is
systematically large ; i.e. up to 10 % differences. In
this energy range, a number c¢f resclved rescnance levels
are available. And at 4 keV , resclved and unresolved
resonance region is conhected, And this difference s
attributed to the same reason as above. i.e. Erroneous
cocarse eneregy mesh generation for the lower energy part
cf this very narrow rescnance. Generated cross~sections
are given in Fig.3.6.8 for each codes, but we cannot
find cut the differences of cross—section curve for each
codes from such & dense resonance contained figure.

d. Difference between RESEND and octhers is systematically
large by maximum 50 %.

Fig.3.6.5 Cross-section ratio for U-238 {(n,gamma) in
SAND-JI 620~group structure (1.

Fig.3.46.6 Cross—section ratioc for U-238 (m,gamma) in
SAND-11 620-group structure (2.

Fig.3.6.7 Neutron cross-section of U-238 (n,gamma}
from 10 eV to 50 eV.

Fig.3.6.8 Neutron cross—-section of U-2328 {(n,gamma)
from 1 keVY to S5 keV.

7. Pu=-23¢9 (n,fiss)

a. Agreement between RECENT and RESENDD is quite well. But
small differences are detected at 1.61 keV, 2.8-3.6 keV,
.2-9.6 keV, and maximum differences are 1%, 2% and 1%
respectively. These energy range are unresolved
resonance range, and the data are given as rather wide
spacing., For example, original data of unresclved
resonance parameters in ENDF/B V data are defined at
following energies;

1.61 keV range: 1.51,1.53,1.54,1.55, 1.7,1.8 keV
2.8-3.6 keV range: 2.75,2.775,2.8, 2.9, 3.075, 3.25,
o 32.75,4.25 keV

2.2-9.6 keVY range: 8.,75,%9.25, .50, .75 keV.
And generated cross—-sections from each codes are given
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in Fig.3.7.3. From this figure, there exist some
problems in the precessing code for unresolved resonance
range. This error may be related to the error already
stated -in Np-237 unresolved range case, i.e. this error
may be relating to the problem of cross—-section-—
interpolaticen or resonance-— parameter—interpolation
process-phylosophy adopted in RECENT and the rests.
Difference between RESEND and others is systematically
Large by 4 % maximum, in the unresolved resonance range.

Fig.3.7.1 Cross-section ratjo for Pu-239 (n,f) in

. SAND-II 620-~group structure (1).

Fig.3.7.°2 Cross—-section ratio for Pu=239 (n,f) 1in
SAND-II 420~group structure (2).

Fig.3.7.3 Neutron cross—section of Pu-239 (n,f)
from 1 keV to 10 keV.

- s aw .- s a8 xww s 8 8 xR EE R RSB RS EEE R I T R L I )

(n,gamma?’

3.

Agreement between RECENT, RESENDD and RESEND 1is
completely well.

Fig.3.8.1 Cross—section ratic for Sec-45 (n,gammal) in
SAND-1I1 420-group structure (1).

Fig.3.8.2¢ Cross—section ratio for Sc-43 (n,gammal) in
SAND-II 62Q0-group structure (23.

{n,gamma)

a.

b.

Agreement between RECENT and RESENDD is quite well
except at 6.% kel resonance,.

At 6.5 keV resonance, as seen from Fig.3.9.3, enough
data points are not generated for representing the
resonance cross—section shape in the RESENDD output. In
this figure, cross—-section shape is somewhat curious for
RESENDD, but this is caused by the interpolation scheme
specified for this data, i.e. 23 linear—Llinear
interpolation. More explicitely, RESENDD code generate
following 2 energy glid ;

6.17617969E+3 eV cross-section value is 2.07784E-1 (b)
6.19900000E+3 eV cross—-section value is 2.40762E+1 (b)
and interpolation scheme is 2(linear-linear).

Such a generation scheme for energy grid adonted in
RESENDD code can not recommend, because toc much cross
section-change is occurred compared to the energy—-grid-
change. When such data points are plotted in log-log
sheet, the results are guite the same in Fig.3.9.3.
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Such type of errors are common errors
code, already mentioned in Th-232,U-238 cases,

in RESENDD
and this

errcr is due to the erroneous cross—-section generation

for very narrow resonances as seen in

Appendix A.2.

is very important to generate cross—section curve to
assure the calcoulated resonance integrals are the

correct ones. Detailed discussion are given

A.2.
Differences between RESEND and others

except 6.5 kev

are systematically large by 10 % maximum.

Fig.3.9.1 Cross—-section ratie for Fe-58 (n,gamma’
SAND-I1 620-group structure (1).
Fi9.3.9.2 C(Cross-section ratio for Fe-58 (n,gamma)

SAND-II 620-group structu
Fig.3.9.3 Neutron cross—-section of
from 6 keV to 6.5 keV.

re (27.
Fe-58 (n,gamma)

It

in Appendix

in

in

-----------------------------------------------------------

(n,gamma?l
For the energy range 10 eV to 3keV, RECENT results

3.

differ guite Large from the results o
differences is born from the improper

f others, Thes
treatment of b

e
ack

ground cross-section interpolation in RESEND and RESENDD

codes. These two codes both cannot ma
interpoltation correctly for the inter
case; i.e. constant interpolation ca
Fig.3.10.3, RESEND and RESENDD cases
constantly from 10 eV to 3 keV. For
back ground cross—-section given in th

nipulate the
polation—scheme
se. As seen 1in
are different
this energy ran
e original data

ENDF/B V fite is 1.0E-2 and it"s interpolation-code

1.

Fig.3.10.1 (Cross—-section ratio for
SAND-II 620-group struct
Fig.3.10.2 Cross—-section ratic for
SAND-I1 620-group struct

Cu-63 (n,gamma)
ure (1).
Cu-63 (n,gamma)
ure (2).

=1

ger
in

is
in

in

Fig.3.10.3 Neutron cross-section of Cu-63 (n,gamma)

from 1 eV to 10 keVl.

{n,gamma)

a .

b.

Agreement between RECENT and RESENDD
Difference hetween RESEND and others
Large by 3 % maximum.

Fig.3.11.1 Cross-section ratioc for

is quite well,
is systematical

Cu-63 (n,gammal

Ly

in
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SAND~-I] 620-group structure (1).
Fig.3.11.2 Cross-section ratio for Cu-63 (n,gamma) in

SAND-1I 620-group structure (27.

----------------------------------------



JAERI-M 82-128

Table 3.1 Running performance of processing godes,

CPU time and generated data points.

CPU~time {sec) Generated Points Number
Ne. Nuclide MAT RECENT RESEND RESENDD RECENT RESEND RESENDD

1 Na-23 6311 7 2 10 5155 1261 3973
2 Np=237 6337 145 11¢ 146 33066 24673 32308
3 Au-197 8379 601 *3553 L40 1046530 13026 SL439
4 Th-232 6390 168% *6746 724 2164353 *14015 47167
5 U-235 6395 5C 44 55 13000 10593 13422
4 U-238 6398 2353 xx6266 260 231798 *x8548 76067
7 Pu-23% 6399 110 &2 89 33485 &£399 23892
B Sc-45 6426 204 957 186 L5462 16879 27573
g Fe-58 6432 40 1 32 20533 6850 13082
10 Cu-63 6435 8 1iC 1¢ 5836 3365 5356
11 In=-1153 6437 201 64 131 62391 17572 34637

Running conditions:

RECENT: LINEAR: 0.1 % ERR: 0.1 X%

RESEND: ERR: 0.1 % AVERR: 0.0

RESZNDD: ERR: 0.1 % AVERR: 0.0 LSIG:1.0E-10

Accordinmg to the enormous running time,we had %o
change the errcr criteria for the ¥, *%x cases.

£ 1 ERR= 1.0 %

£x . EZRR= 10.0 %

Table 3.2 Performance of processing codes.
Relative CPU time and relative generated data points to RESENDD.

(Normalized to RESENDD result.?

Relative CPU-time Relative generated points
No. Nuclide MAT RECENT RESEND RESENDD RECENT RESEND RESENDD

1 Na-23 6311 0.7 0.2 1.0 1.30 0.32 1.0
2 Np=237 6337 1.36 .75 1.0 1.04 0.76 1.0
3 Au—-197 4379 1.37 *8.08 1.0 1.%96 *0 .24 1.0
4 Th-232 6390 2.33 x9.,32 1.0 3.22 0,273 1.0
S uU=233 6395 0.9% 0.80 1.0 0.97 0.7%9 1.0
6 U-233 6398 2.45 xx6.63 1.0 3.13 xx0.12 1.0
7 Pu-23% 6399 1.24 0.70 1.0 1.40 G.26 1.0
8 Sc-43 5426 1.10 .15 1.0 1.67 0.61 1.0
g Fe-58 6432 1.25 0.47 1.0 1.57 0.%2 1.0
10 Cu-é3 6435 .80 1.00 1.0 1.09 0.63 1.0
11 In-115 6437 1.53 0.49 1.0 1.80 0.51 1.0

Running conditionsi

RECENT: LINEAR: 0.1 % ERR: 0.1 %

RESEND: ERR: 0.1 % AVERR: €.0

RESENDD: ERR: 0.1 % AVERR: 0.0 LSIG:1.0E-10

Accarding to the enormsus running time,we had to
change the error criteria for the %, x%x cases.

x 1 ERR= 1.0 %

xx 1 ERR= 10.0 %
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Table 3.3 Performamce of processing codes.
CPY time per one generated data peint,

(in seconds.’

Ne. Nuclide MAT RECENT RESEND RESENDD
1 Na-23 6311 1.36E-3 1.59E-3 2.31E-3
2 Np-237 4337 4.39E-3 4. 45E=3 4.51E-3
3 Au-197 6379 S.64E-3 «2 . 72E-1 8.C8E-3
& Th-232 6390 7.79E-3 k4, 81E-1 1.08E-2
S Uy-235 6395 3.85E-3 £.15£-3 4.10E-3
6 U=-238 6398 1.02E-2 *x7 33E-1 1.30E-2
7  Pu-239 6399 3.29E-3 9.469E-3 3.73E-3
8 Sc-4&5 6626 4 4FE-3 5.66E-2 6.75E-3
9 Fe-58 6432 1.95E-3 2.19E-3 2.45E-3

10 Cu-63 6435 1.37E-3 2.97E-3 1.87E-3

11 Im-115 64637 3.22E8-3 3.564E-3 2.7BE-3

Running conditiaons:

RECENT: LINFAR: 0.1 % ERR: 0.1 %

RESEND: ERR: 0.1 % AVERR: 0.0

RESENDD: ERR: 0.1 % AVERR: 0.0 LSIG:1.QE-10

According te the enmormous running time,we had to
change the errcor criteria for the %, xx cases.

* T ERR= 1.0 %

x%« I ERR= 10.0 %

TABLE 3.4 Performance of processing codes.
CPU time per one resonance Level(resolved+unresolved)

(in seconds.?’

Ne. Nuclide MAT RECENT RESEND RESENDD form. no.r
1 Na-23 4311 0.58 0.17 Q.83 MLBw 12
2 Np=-237 6337 0.48 0.36 0.48 SLBW 304
3 Au-197 6379 2.29 x13.51 1.47 MLBW 263
4 Th-232 6350 L.22 16 .90 1.81 MLBW 399
5 U=-235S &£395 0.19 0.1é6 0.212 SLEW 267
& U-238 £398 11.77 «x31 .33 4,80 MLBW 20C
7 Pu~239 6399 0.50 0.28 0.40 SLBwW 222
8 Sc-45 5426 2.58 12.11 2.35 MLBW 79
9 Fe-358 6432 3.33 1.25 2.67 SLaw 12

10 Cu-63 6435 0.42 0.52 0.52 MLBW 19

11 Im-113 6437 2.26 0.72 1.47 SL2wW 89

Runming conditions:

RECENT: LINEAR: 0.1 % ERR: 0.1 %

RESEND: ERR: Q0.1 % AVERR: 0.0

RESENDD: ERR: 0.1 % AVERR: 0.0 LSIG:1.0E-10

According te the emormeus running time,we had to
change the error criteria for the x, *®% cases.

x ¢ ERR= 1.0 %
*x I ERR= 10.0 %
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Conclusion

In general, agreement between RESENDD and RECENT code is

well except the following three points: i.e.

iv. Process error for RESENDD code in treatment of constant
back—-ground cross—segction 1in file-3., 1f back ground
cross—-sections inm file 3 are given in interpclation scheme 1
, RESENDD code gives erronecus results. The same error is
detected in RESEND code.

i9)Y. In unresolved resonance region, both RESENDD and RESEND codes
seems viotating the process criteria for the unresolved regien
cross—-section. In this energy region, cross—section should be
interpolated ,neot for the resonance parameters. RESENDD and
RESEND codes interpoiate the resonance parameters for the
energy grids other thean the given energies by the resonance
parameters.

i5i).Insufficient data points generation is seen im RESENDD pode
especially for the very narrow responance Cross sections. Even
if the error criteris of C.1 ¥ is specified in the RESENDD
code, generated cross—-sections are different more than 50 %
from the exact ones in the case of very narrow resonances.
This error occurred often in this benchmark test, as already
seen in the previous section, then this error is a common
error for the RESENDD code. Because this error is a damageful
one for the users, we should correct the process flow to

eliminate Tt.

As to the originatl code RESEND, it is revealed that the code
generates rather erronéous point—crcss—sections systematically.
And when we use this RESEND code, we tannot design the reactors
rrecisely,even with the best evalLuated nuclear data Library. The
sfficial version of RESEND code should be changed in the process
flow 50 as to take the error decision for all reaction
cross~-sections rather thean TOTAL reaction only. And also for this
RESEND code, some errors are detected im unresolved resonance
regicn as typically seen in the Pu-239 (n,f) case.

From the above discussions, at present stage, we recommend to

use RECENT code among the tested three codes to generate energy
dependent point-wise cross—sections.
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360
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GROUP-EV

1.1500+
1.2000+
1.2750+
1.3500+
1.4250+
1.5000+
1.6000+
1.7000+
1.8000+
1.9000+
2.0000+
2.1000+
2.2000+
2.3000+
2.4000+
2.5500+
2.7000+
2.8000+
3.000C+
3.2000+
3.4000+4
L6000+
8000+
0000+
-2500+
.5000+
L7500+
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.2500+
.5000+
.7500+
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3000+
L6000+
2000+
.2000+
L6000+
.0000+
L4000+
.B000+
.2000+
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.0000+
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.2000+
1.275C+
1.3500+
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1.6000+
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384
385
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1.9000+
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2.4000+
2.5500+
2.7000+
2.8000+
3.0000+
3.2000+
3.4000+
3.6000+
3.8000+
4£.0000+
4.2500+
4&.5000+
4.7500+
5.0000+
5.2500+
5.5000+
5.7500+
&6.0000+
6.3000+
6.6000+
6.9000+
7.2000+
7.6000+
0000+
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.0500+
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2750+
. 3500+
LAE2S50+
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2.0000+
2.1000+
2.2000+
2.3000+
2.4000+
2.5500+
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445
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4.7500+
5.0000+
5.2500+
5.5000+
5.7500+
6.0000+
6.3000+
6.6000+
6.9000+
7.2000+
7.68000+
8.0000+
8.4000+
8.8000+
9.2000+
9.6000+
1.0000+
1.1000+
1.2000+
1.3000+
1.4000+
1.5000+
1.6000+
1.7000+
L8000+
.9000+
L0000+
2.1000+
2.2000+
2.3000+
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GROUP-EV 1 NO.
3.7000+ 6 | 531
3.8000+ 6 | 532
3.9000+ 6 | 533
L .0000+ 6 ! 534
L.1000+ 6 @ 535
L.,2000+ 6 ' 536
4.3000+ & . 537
4.4L000+ & 538
4L.5000+ & 539
4.,6000+ 6 540
L.7000+ & 541
L .B000+ &6 @ 542
4L.9000+ 6 | 543
5.0000+ 6 ! 544
5.1000+ & | 545
5.2000+ 6 546
5.3000+ 6 ' 547
5.4000+ 6 : 548
5.5000+ 6 549
5.6000+ &6 550
5.7000+ & . 551
5.8000+ & 552
5.9000+ 6 553
46.0000+ 6 554
6.1000+ & 555
6£.2000+ 6 556
6.3000+ 6 557
6.4000+ & 558
46.5000+ & 559
6.6000+ & 560
&6.7000+ &6 561
46.8BD00+ & 562
6.9000+ 6 563
7.0000+ & 564
7.1000+ 6 565
7.2000+ & 566
7.30C00+ & 567
7.4000+ 6 568
7.5000+ 6 569
7.6000+ &6 570
7.7000+ 6 571
7.8000+ 6 572
7.9000+ & 573
8.0000+ & 574
8.1000+ &6 575
8.2000+ 6 576
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8.5000+ 6 579
B.&6000+ & 580
B.7000+ 6 581
8.8000+ &6 582
8.9000+ & 583

GROUP-EV
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2.3000+
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?.6000+
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¢.8000+
2.9000+
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1.0100+
1.0200+
1.0300+
1.0400+
1.0500+
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1.0700+
1.0800+
1.0900+
1.1000+
1.1100+
1.1200+
1.1300+
1.1400+
1.1500+
1.1600+
1.1700+
1.1800+
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1.2100+
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1.2400+
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1.2800+
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1.3000+
1.3100+
1.3200+
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1.3500+
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1.3900+
1.4000+
1.4100+
1.4200+
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Appendix A.2 Detailed Analysis for Erroneously Generated Cross
Sections of RESENDD for Very Narrow Resonances

Clear differences in 620-group averaged cross—-sections between
RECENT results and RESENDD results are found in Th-232{(n,*%).,
Th-232(n,gamma), U-238¢(n,f), U-238(n,gammal, and Fa-58{(n,gamma) cross
sections. And the differences between these codes are usually less
tham 10 %, but cccasionally they exceed 50 times( e.g. U-238(n,gamma’
case) between the codes.

After the recognizing the gap in the results between the codes, we
immediately start the investigation for the error sources. As seen 1in
Fig.3.4.6 for the Th-232¢n,gamma), it is impoessible to find out the
differences of the cross—-secticen shape from the ptotted output such a
wide scale sheets.

We choose the follewing two nuclides here for detailed analysis;
a. Fe-58 {(n,gamma) at 6.2 keV resonance: an example for very large

difference case( from Table A.2.1, more than 2.4 times difference
is found in averasge cross—section between RECENT and RESENDD 7.
b. Th=232 (n,f) from 3.4 to 3.6 keV: an example for the moderate
difference case( from Table A.2.1, about 20 % difference in
average cross—section is found between RECENT and RESENDD J.

We investigated here following tweo possible error sources for this
discrepantcy ; .e.

iy, effect of truncation error in 11 characters—representation for
the energy field in ENDF/B format. This probtem was arised from
the fact that on one side RESENDD uses the 1PE141.5 format (i.e. &
digits representation. see Fig.A.2.1 > in the output file of
point-wise data, and on the other side RECENT uses variable 9
digits representation for the energy fields (see Fig.A.2.2) .
Because for the very narrow resonance case (for example T f
=1.3E-7 eV, I =2 _4E-2) at relatively high energy (i.e I.4keV
), in such cases , the representation in &6 digits might cause
sericus lack of informations in the most significant digits for
such a small widths. To clarify such effects, we perform the
accuracy check for the averaging of the cross-sections to a) and
b)) cases by making small program toc integrate the cross—sections
in single precision and double precision.

The results are shown in Table A.2.1. Fronm this Table, for
both cases there are no effect to the integrated results arising
from the difference in effective digits for the representation of
the energy field.
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ii). Generated cross—section error for such a narrow resonance case,
This is & rather clear one, if we carefully check the output

cross~section shape from the codes. We take following way to
visualize from where this difference comes;we plot the integrated
cross—section in the same sheet of the cross—-section curve. From
Fig.A.2.3 and Fig.A.2.4, for both Fe-58¢n,gamma) and Th-232(n,f’
cases, the same behaviours are shown. The integrated cross
sections are displayed in step function for bhoth codes. This
error is always occur in the lower side of very narrow
resonances. And when we plot the cross-~section curve in entarged
scale, as seen in Fig.3.9.3 , it is revealed that insufficient
data points generation is attributed to this error. (Clearly the
generated cross-sections by RESENDD are erroneocus. From the
listing of output data for Fe—-58(n,gamma) case, as seen in
Fig.A.2.1 and A.2.2, for RESENDD code fronm 6.17618 keV to 6.19900
keY oenly 2 data points are generated, but for RECENT, it generate
87 data points in the same eneragy range{ in the Table A.2.2 Tt
mark is inserted for this energy rangeld. It is necessary Tfor
RESENDD to generate more data pcecints between these sparce energy
grid. Because this error found in the RESENDD is & damageful one
for the users, we should correct the process flow te eliminate
this error. In any way, for the users of these codes ,resonance
integrals calculated from the generated cross—-section curve
should be exactly the same as originally evaluated one. Then, it
is very important to generate cross—-section curve to asure the
resonance integrats calculated from those curve are correct ones.

Table A.2.1 Effect of effective digits in RECENT and RESENDD
codes to the integrated results.

a. Fe~58(n,gamma) average cross—section from 6.0 to 6.3 keV

code eff-digit SINGLE precision DOUBLE precision SINGLE/DOUBLE
(barns) (barns? (ratio?

RECENT g 0.53103 0.53104 1.0000

RESENDD 6 1.2032 1.2033 0.969%

b. Th-232(n,f) average cross—-section from 3.4 to 3.6 keV

code eff-digit SINGLE precision DOUBLE precision SINGLE/DQOUBLE
(barns) {barns) {ratio)

RECENT 9 2.5463E-4 2.5471E-4 0.9997

RESENDD & 3.0965E-4 3.0711E-4 0.999%5

where SINGLE precision? single precision calculation for
the integration of ¢cross—section.

DOUBLE precision: double precision calculation for

the integraticn of c¢croess—-section.
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Fe-58¢(n,gamma)

representation for energy field

energy Cross—-sec energy
2 6.16619+ 3 1.02142- 1 6.16690+ 3
1 6.16833+ 3 1.16490- 1 6.16904+ 3
1%4.17618+ 3 2.07784- 1%6.,19900+ 3
1 6.19925+ 3 2.37455+ 1 6.19937+ 3
1 6.19963+ 3 2.21105+ 1 6.19976+ 3
1 6.20053+ 3 1.58152+ 1 6.20065+ 3
1 4.20091+ 3 1.32886+ 1 6£.20104+ 3
1 6£.20129+ 3 1.10812+ 1 6.20142+ 3
0 £.20167+ 3 9.29407+ 0 6.20180+ 3
0 6.20206+ 3 7.79758+ 0 6£.20218+ 3

Jutput from RECENT for Fe-58(n,gamma)

9-digits

cross—sec
1.32709-
1.6051%9-
1.81645~
2.07293-
2.38%931~
2.78364-
3.28492~-
3.93721-
4L .80263-
5.54%09-
6.48326~
7.672%94-
8.79336-
1.01676+
1.18950+
1.4L0937+
1.69466+
2.07101+
2.39600+
2.68811+
3.03431+
3.60831+
4L.14048+
4L .78899+
5.90064+
676599+

1
1
1

representation for

energy
6171.37500
6173.50000
6175.09375

1%6176.68750
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6178.28125
6179.37500
6181 .46875
6183.06250
6184 .39062
6185.45312
6186.78125
6187.57812
£188.37500
6189.17187
6189.96875
6190.76562
6191.56250
6192.22656
6192.75781
6193.15625
6193%.55469
6194 .085%4
6194 . 48437
6194 .946922
6195.41406
6£195.81250

crgss—sec

1.42873-
1.6711C-
1.89613-
2.17121~
2.51053-
2.93789-
T.48355-
4L .16704-
L.G7385~
5.76201-
7.04299-
8.01983-
9.,21908-
1.07050+
1.25645+
1.49562+
1.80814+
2.14541+
2.48805+
2.79691+
3.16392+
377443+
&L, 34231+
5.16654+
&£.22956+
7.38572+
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energy field

energy
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cross—-sec
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2.40762+
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7.39563+

cress—5¢cC
1.54270-
1.74174-
1.98187-
2.27672~
2.64227-
3.10412-
3.70078-
L LB567 -
S.34772~
6&.22977~
7.34792-
8.39618-
Q.67613~
1.12768+
1.32912+
1.54168+
1.93308+
2.22611+
2.58529+
2.91215+
3,45234+
3.95152+
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