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The 1996 Symposium orn Nuclear Data was held at Tokai Research Establishment,
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tests and on-line database on nuclear data. Those presented papers are compiled
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1. Introduction

The 1996 symposium on nuclear data was held at Tokai Research Establishment,
Japan Atomic Energy Research Institute (JAERI), on 21st and 22nd of November, 1996,
The symposium was organized by Japanese Nuclear Data Committee and Nuclear Data
Center, JAERI.

The program of the symposium is listed below. In the second oral sessions, three
invited talks were addressed on integral testing of JENDL-3.2. As an international
session, nuclear data research activities in China, Korea and Karlsruhe were presented.
In the other sessions, total 12 papers were presented on delayed neutron, new
experiments, JENDL special purpose file and high energy nuclear data. In the poster
session, presented were 32 papers concerning nuclear data experiments, evaluations,
benchmark tests and on-line database on nuclear data. Those papers are compiled in this

proceedings.

Program

Oral Presentation [Talk + Discussion (min.)}
Nov. 21 (Thu.)

10:00 - 10:10

I. Opening Address Y. Murao (JAERI)
10:10 - 12:00

2. Integral Test of JENDL 3.2 Chairman: M. Kawai (Toshiba)

2.1 Isotopic Analyses and Calculations by Use of JENDL-3.2
for High Burn-up UO2 and MOX Spent Fuels [35+5]  A. Sasahara(CRIEPI)

comment: Collection of Assay Data on Isotopic Composition

in LWR Spent Fuels [10+5] Y. Naito(JAERI)
2.2 Integral Test of JENDL Fusion File [25+5] F. Maekawa(JAERJ)
2.3 Toward JENDL-3.3: Comments on the Problems of JENDL-3.2
for the Next Version Developments [10+5] A. Hasegawa(JAERI)
12:00 - 13:00 LUNCH
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13:00 - 14:50
3. Topics 1: International Collaboration ‘ Chairman: T. Fukahori(JAERT)
3.1 Status and Future Plan of Nuclear Data Activities

in China [30+10] Zhuang Youxiang(CIAE)

3.2 Status and Future Plan of Nuclear Data Activities in Korea [25+5]
Oh Soo-Youl and Chang Jonghwa(KAERI)

3.3 Status of Nuclear Data Activities at Karlsruhe [25+5] T. Kawano(Kyushu 1.}
14:50 - 15:10 COFFEE BREAK

1510 - 16:50
4. Topics 2: Delayed Neutron Chairman: T. Yoshida (Musashi Inst. Technol.}

4.1 Status of International Benchmark Experiment for
Effective Delayed Neutron Fraction ( 3 eff) [25+5] S. Okajima(JAERI)

4 2 Review of Experimental Methods for Evaluating Effective

Delayed Neutron Fraction [25+5] Y. Yamane(Nagoya U.)
4.3 Delayed Neutron Spectra and their Uncertainties

in Fission Product Summation Calculations [25+5] T. Miyazono{Nagova U.)
16:50 - 17:40

5. Poster Session 1 {Introduction)
18:00 - 20:00 Reception at Akogi-ga-ura Club

Nov. 22 (Fri.)
9:00 - 10:10
5'. Poster Session 2 (Discussion)

10:10 - 12:00
6. Topics 3: New Experiments Chairman: Y. Uwamino{RIKEN)
6.1 Status and Future Plan of Measurements by RIKEN Accelerator Facility[30+10]
I. Tanihata(RIKEN)
6.2 Simultaneous Measurement of Fission Fragments and Prompt Neutrons
for Thermal Neutron Induced Fission of U-235 [25+5] K. Nishio(Kyoto U.}
6.3 Development of a Helium Accumulation Fluence Monitor

for Fast Reactor Dosimetry [25+5]
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C Tto(PNC), Y. Kanda(Qita Professional Eng. School), Y. Takao(Kyushu U.)

12:00 - 13:00 LUNCH
13:00 - 14:10
7. JENDL Special Purpose File Chairman: Y. Nakajima(RIST)

71 Activities on Covariance Evaluation in Japanese Nuclear Data Committee [25+5]
K. Shiabata(JAERI)

7.2 PRA Spectrum [25+5] M. Kawai(Toshiba)
14:10 -°16:20
8. High Energy Nuclear Data Chairman: H. Hirayama(KEK)
8.1 Spallation Integral Experiment Analysis by High Energy
Nucleon-Meson Transport Code [25+5] H. Takada{JAERI)
8.2 The South African National Accelerator Centre and
its Research Programme [25+5] Y. Watanabe(Kyushu U)

83 Measurement of Double Differential Charged Particle Emission Cross Sections and

Development of a Wide Range Charged Particles Spectrometer for Ten’s MeV

Neutrons[25+5] Y. Nauchi{Tohoku U}
8 4 Status of Spallation Neutron Source [25+3] Y. Oyama(JAERI)
16:20 - 16:35
9. Summary Talk M. Baba(Tohoku U.)
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Poster Session

Thu.

POT.

Po2.

PO3.

PO4.

POS.

POo.

PG7.

PO8.

P09

P10.
P11.

P12,

P13.

P14.

P15.

Ple.

11/21 17:00 - 17:40 and Fri. 11/22: 9:00 - 10:10

Measurements of keV-Neutron Capture g Rays of Fission Products(3)
M. Igashira(TIT)
Integral Test on Activation Cross Section of Tag Gas Nuclides Using
a Fast Neutron Spectrum Field T. Aoyama(PNC})
Comparison of Yield and Decay Data among JNDC2, ENDF/B-V1
and JEF2.2 K. Oyamatsu(Nagoya U.)
Measurement of Helium Production Cross Sections of Iron for d-T
Neutrons by Helium Accumulation Method Y. Takao{(Kyushu U.)
Measurements of Double-Differential Neutron Emission Cross Sections
of Li-6 and Li-7 for 18 MeV Neutrons M. Ibaraki(Tohoku U))
Measurement of (n,2n) Cross-sections for Sc, Mn, Cr and In between
12 and 19 MeV with Activation Technique S. Iwasaki(Tohoku U))
(n,a) Cross Section Measurement for Gaseous Samples Using Gridded
lonization Chamber -Determination of Cross Section-
T. Sanami(Tohoku U.)
Development of Whole Energy Absorption Spectrometer for Decay Heat
Measurement on Fusion Reactor Materials F. Maekawa(JAERI)
Evaluation of Induced Activity, Decay Heat and Dose Rate
Distribution after Shutdown in ITER K. Maki(Hitachi)
Measurements of Neutron Spallation Cross Sections (2} E. Kim(Tohoku U}
Measurements of Secondary Neutrons Producted from Thick Targets
Bombarded by Heavy lons T. Kurosawa(Tohoku U.)
Measurements of Neutron Spectrum from Stopping-length Target
Irradiated by Several Tenth-MeV/u Particles S Meigo(JAERI)
Calculation of the Intermediate Energy Activation Cross Section
S. Furihata(MRI)
Measurement of Reaction Cross Sections of I-129 Induced by DT Neutrons
D. Nakano(Osaka U.)
Measurement of Thermal Neutron Cross Section and Resonance Integral
of the Reaction Cs-135(n.g)Cs-136
T. Kato(PNC, Gifu College Med. Technol.)

Calculation of Prompt Neutron Spectra for Curium Isotopes
T. Osawa(Kink: U.)



P17,
P18.
P19
P20.
P21.
P22
P23.
P24.
P25.
P26.
P27.

P28.
P29.

P30.

P31
P32
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One-Group Constants Libraries for Nuclear Equilibrium State
A. Mizutani(TIT)
Development of a System of Measuring Double-differential
Cross Sections for Proton-induced Reactions M. Haradai(Kyushu U)
Measurement of Fission Cross Section with Pure Am-243 Sample Using
Lead Slowing-Down Spectrometer K. Kobayashi(Kyoto U.)
Quasi-Elastic Cross Sections from He-4, C-12 Induced by 1 GeV Protons
M. Nishimura{Kyushu U.)
Cross Section Measurement for (n,n « ) Reactions by 14 MeV Neutrons
Y. Kasugai(JAERT)
Measurement of Cross Sections Producing Short-lived Nuclei by 14 MeV
Neutron -Br, Te, Dy, Ho, Yb- H. Sakane(Nagoya U.)
Systematic Measurement of Beta-decay Half-lives of Short-lived Nuclei
T. Hirose{Nagoya U.)
Double Differential Charged Particle Emission Cross Sections
of Vanadium for 14.1 MeV Incident Neutron Ko-Ko-0Qo(Osaka U}
Direct Neutron Capture in a Dispersive Potential of Light Nuclei
H. Kitazawa(TIT)
The Influence of Impurities for Cross Section Measurement of
Am-241,243(n,f) Reactions T. Kai(Kyoto U))
Modification of EXIFON Code and Analysis of O-16 + n Reactions
in En=20-50 MeV ' T. Murata(INFD)
HETC-3step Included Fragmentation Process N. Shigyo{Kyushu U )
Phenomenological Dirac Optical Potential for Neutron Cross Sections
S. Maruyama(Kyushu U.)

A Consistent Analysis of (p,p") and (n,n") Reactions Using

the Feshbach-Kerman-Koonin Model S. Yoshioka(Kyushu U.)
Construction of a Nuclear Data Server Using TCP/IP T. Kawano(Kyushu U}
Decay Data File Based on the ENSDF File J. Katakura(JAERI)
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2.1 Integral Test of JENDL 3.2

2.1.1 Isotopic Analyses and Calculation by Use of JENDL-3.2
for High Burn-up UO2 and MOX Spent Fuels

Akihiro SASAHARA and Tetsuo MATSUMURA
Central Research Institute of Electric Power Industry(CRIEPD
2-11-1, Iwado Kita, Komae-shi, Tokyo 201 Japan
e-mail : sasa@criepi.denken.or.jp

G.NICOLAOU, M.BETTI and C.T.-WALKER
European Commission, Joint Research Centre,
Institute for Transuranium Elements(ITU)
Postfach 2340, D-76125 Karlsruhe, Germany

The post irradiation examinations (PIE) were carried out for high burn-up UOz2 spent
fuel (3.8%1U235, average burn-up:60GWd/t) and mixed oxide (MOX) spent fuel (5.07%Pu,
average burn-up:45GWd/t). The PIE includes, a) isotopic analysis, b) electron probe
microanalysis(EPMA) in pellet cross section and so on. The results of isotopic analyses
and EPMA were compared with ORIGEN2/82 and VIM-BURN calculation results. In
VIM-BURN calculation, the nuclear data of actinides were proceeded from new data file,
JENDL-3.2. The sensitivities of power history and moderator density to nuclides
composition were investigated by VIM-BURN calculation and consequently power history
mainly effected on Am241 and Am242m and moderator density effected on fissile nuclides.
From EPMA results of U and Pu distribution in pellet, VIM-BURN calculation showed
reasonable distribution in pellet cross section.

1. Introduction

Development of advanced spent fuel storage technology is necessary for high
burn-up UO2 and MOX spent fuel in the near future. These high burn-up U02 and MOX
spent fuel have much higher neutron emission and heat generation than that of
conventional burn-up UO2 fuel (table1). It is therefore necessary to obtain basic data in
order to verify computations prior to their use in the design and safety analyses for spent
fuel storage. Such data include the neutron and gamma-radiation source, actinide and
fission product isotopic composition, elements distribution in a pellet and so on[1,2].

In this study, post irradiation examinations (P1E) were carried out and subsequently
the predictions of the ORIGEN2/82 and VIM-BURN code were compared with PIE results
on isotopic analyses and EPMA. In VIM-BURN calculation, the nuclear data of actinides
were prepared from JENDL-3.2 and the sensitivities of linear power and moderator density
to nuclides composition were investigated. The U and Pu distribution profile along pellet
radius obtained by EPMA were also compared with VIM-BURN calculation.

2. Fuel Specification

The spent fuels used in this study were irradiated in commercial PWRs : a high
burn-up UQ2 fuel pin (3.8%U-235, 60.2GWd/t declared average burn-up) ; two segments
(MOX1 and MOX2) from middle parts of two MOX fuel pins (5.07%Pu, 44.5GWd/t and
45.7GWd/t declared burn-up). There are Pu agglomerates(Pu enrichment : 30%) in
MOX fuel pellets which were manufactured by the mechanically blending. Both
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segments have similar irradiation histories. The PIE of these fuels were carried out at the
Institute for Transuranium Elements(ITU), Karlsruhe in Germany.

3. Isotopic Analyses
3.1 Preparation of Sample and Measurement Process

Isotopic analyses were performed on dissolved solution contained samples which
were chose from MOX1 segment (i.e. one sample) and differential axial four positions (i.e.
four samples) for a high burn-up UO2 fuel. The analyses techniques include o~/y-
spectrometry, thermal ionization mass spectrometry (TIMS) and ICP-MS coupled to anion
chromatography column. For high burn-up UOz fuel, the local burn-up of four samples
obtained from different axial positions were 54GWd/t, 61GWd/t, 65GWd/t (at axial lower
position) and 65GWd/t (at axial upper position). These burn-up values were estimated
from Nd148 obtained by isotopic analyses. For MOX sample, the burn-up was 46GWd/t.

3.2 Calculation Process of ORIGEN2 and VIM-BURN Code

In ORIGENZ2/82 calculation, the libraries prepared in ORIGEN2/82 were used for
high burn-up UO2 and MOX fuel calculation.

The VIM-BURN code is composed of VIM2 and BURN. The VIM2 is a continuous
neutron energy Monte-Carlo code developed in Argonne National Laboratory. The
burn-up module, BURN was added to VIM2 in CRIEPL. The VIM-BURN code can treat
resonance cross section of nuclides such as U238 in detail and calculate nuclides
distribution profile in pellet during irradiation[3]. In VIM-BURN calculation, the cross
section library was proceeded from JENDL-3.2 for nuclides such as actinides, Xe135,
Sm149 and Ag107(as lumped FP) and JENDL-2 was used as 67 multigroup constant library
(MGCL) for other FPs. Fig.1 shows calculation flow of the VIM-BURN code. The
actinides, U234 up to Cm245, were considered in the burn-up chain. Fig.2 shows the
calculation geometry applied to high burn-up UO2 and MOX fuel in VIM-BURN calculation.
In high burn-up UO2 fuel, the pellet was divided into 9 sub-regions and in MOX fuel, that
was divided into 7 sub-regions. A 80,000-history and 200,000-history were produced in
calculations for high burn-up UO2 fuel and MOX fuel respectively. Table 2 shows
calculation parameters. The sensitivities of linear power density and moderator density to
nuclides composition were investigated by VIM-BURN calculation.

3.3 Resuits of Isotopic Analyses and Calculation

Fig.3 shows the C/E (Calculation/Experiment) values obtained by ORIGENZ2/82
calculation at upper and lower position of high burn-up UO2 fuel, which have similar
burn-up of 65GWd/t. The reason why the discrepancy of the C/E values from U234 till
Pu242 between both positions is difference of neutron spectrum distribution. The
neutron spectrum at lower axial position is softer than that at upper axial position due to
higher moderator density. Thus the burning of fissile nuclides in sample were advanced
at lower axial position. For Cm242 at axial lower position, it is necessary to review the
measurement data. Fig.4 shows the C/Es of MOX fuel. In ORIGEN?2/82 calculation, the
C/Es in U and Pu agree within 20% for high burn-up and MOX fuel. '

Fig.5 and Fig.6 show the sensitivities of linear power density and moderator density
for high burn-up UO2 fuel (at axial upper position, burn-up:65GWd/t) obtained from
VIM-BURN calculation. In Fig.5, the linear power density effects on Am241 produced by
B-decay from Pu241 and consequently change of Am242m is enhanced. The moderator
density mainly effects on burning of fissile nuclides. Fig.7 and Fig.8 show the C/Es of
VIM-BURN and ORIGEN2/82 calculation at 61GWd/t and 54GWd/t for high burn-up UO2.
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In VIM-BURN calculation, the C/Es of minor actinides are improved except with Np237 and
Cm242. For Cm242, it'is necessary to review the measurement data at 61GWd/t and
54GWd/t.

Fig.9 and Fig.10 show the sensitivities of linear power density and moderator density
for MOX fuel. The C/Es show the similar behavior in high burn-up UO2 fuel by change of
the linear power density and moderator density. In VIM-BURN calculation, the C/Es of
Cm are improved more than that in ORIGENZ2/82 calculation.

4. EPMA Measurements
4.1 Measurement Process

For high burn-up UO2 fuel, the concentration distribution of U, Pu, Nd, Xe and Cs
along a pellet radius were measured by EPMA. For MOX fuel, the average distribution of
U, Pu, Nd, Xe and Cs along a pellet radius were measured along a pellet radius. The
burn-ups were estimated from Nd concentration.

4.2 Results of EPMA and Calculation

The average burn-up estimated by EPMA was 74.5GWd/t and at pellet surface was
157GWd/t for high burn-up UO2 fuel. For MOX fuel, the average burn-up was 47.3GWd/t
and at pellet surface was 61.8GWd/t.

Fig.11 and Fig.12 show concentration distribution of U and Pu obtained by EPMA and
VIM-BURN calculation. There is an accumulation of Pu transformed from U238 by
neutron surface resonance effect at pellet surface in high burn-up UO2fuel. VIM-BURN
calculations show reproduction of U and Pu distribution profile at pellet surface. In MOX
fuel, Pu distribution is scattered due to Pu agglomerates in EPMA.

5. Summaries

The results of isotopic analyses and EPMA measurements for high burn-up UO02 and
MOX spent fuel were compared with ORIGEN2/82 and VIM-BURN calculation. The
nuclear cross section library, JENDL-3.2 was used for actinidesin VIM-BURN calculation.
The sensitivities of power history and moderator density to nuclides composition were
investigated by VIM-BURN calculation. There is the discrepancy of the C/Es cbtained by
ORIGEN2/82 calculation between upper and lower position of high burn-up UO2 fuel at
65GWd/t. The reason why the discrepancy of the C/Es from U234 till Pu242 are
difference of neutron spectrum distribution. In ORIGEN2/82 calculation, the C/Esin U
and Pu agree within 20% for high burn-up and MOX fuel.

In VIM-BURN calculation, the linear power density effects on Am241 produced by
B—decay from Pu241 and consequently change of Am242m is enhanced. The moderator
density mainly effects on burning of fissile nuclides. '

From EPMA results of U and Pu distribution in pellet radius, there is an accumulation
of Pu at pellet surface in high burn-up UO2 fuel VIM-BURN calculations show
reproduction of U and Pu distribution profile at pellet surface. The U and Pu distribution
of VIM-BURN calculation agree with EPMA results.

References
[1] Sasahara A., Matsumura T. and Nicolaou G. : "Post Irradiation Examinations and

the Validity of Computational Analysis for High burn-up UO2 and MOX Spent
Fuels”, CRIEPI report, T35012(in Japanese).

[2] Sasahara A., Matsumura T., Nicolaou G., Glatz J.P., Toscano E. and Walker C.T.:
“Post Irradiation Examinations and Computational Analysis of High Burn-up UOX




JAERI—Conf 97—005
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[3] Kameyama T. and Matsumura T. : “Development and Verification of Rim Effect

Analysis Code for High Burnup LWR Fuel”, CRIEPI report, T88301(in J apanese).

Tablel An Example of Neutron Emission and Heat Generation
in High Burn-up U02 and MOX fuel

Conventinal UO2 | High Burn-up UO2 | MOX

Neutron Emission 1.0 1.5 18.4
Heat Generation 1.0 13 24

ratio to conventional U02 fuel

Table2 Parameters in VIM-BURN Calculation

Reference Paramerter
linear power 206W/cm(High Burn-up UOz2 fuel) +5%, -5%
185W/cm(MOX fuel) +5%, -5%
moderator density typical PWR(High Bumn-up UO2 fuel) | +5%, -5%
typical PWR(MOX fuel) +5%, 5%
burn-up 65G Wd/t{High Burn-up UO2 fuel) —_—
45GWAN(MOX fuel) S

process of VIM library

'

process of MGCL™

burning loop i * FP nuclides

Monte-Cando calculation

Moderator, Cladding

(VIM2)
‘ : i--—'?.lS—-"
broadgroup & burning module Unit:mm

|

Fig.1 Calculation Flow of VIM-BURN code Fig.2 Calculation Geometry of
High Burn-up UO2 and MOX fuel
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Comment: Collection of Assay Data on Isotopic Composition
in LWR Spent Fuel

Yoshitaka NAITO, Masayoshi KUROSAWA and Kenya SUYAMA
Fuel Cycle Safety Research, Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken, 319-11

e-mail: naito@popsvr.tokai.jaeri.go.jp

Many assay data of LWR spent fuels have been collected from
reactors in the world and some of them are already stored in the
database SFCOMPO which was constructed on a personal computer
IBM PC/AT. On the other hand, Group constant libraries for
burnup calculation code ORIGEN-II were generated from the
nuclear data file JENDL3.2. These libraries were evaluated by using
the assay data in SFCOMPO.

1. Introduction

In the Nuclide Production Evaluation WG in the Sigma Committee,
we have been collecting the assay data on isotopic composition in
LWR spent fuels, Some of these collected data are stored in
SFCOMPO database. On the other hand, we have been generating
one group constant libraries for burnup calculation codes;ORIGEN-II
and COMRAD using the JENDL 3.2 nuclear data library. The ORIGEN-
I libraries for the representative PWR and BWR in Japan were
genecrated already. Furthermore, we are going to verify these
burnup codes by comparing the calculated isotopic composition
with the measured one in SFCOMPO. The flow chart of these works
is shown in Fig. 1.

2. Isotopic composition database SFCOMPO

The spent fuel assay data from 13 LWRs(7 PWRs and 6 BWRs)
had been already reviewed and published[1]. Such data collection
woks have been continued. To supply worldwide users with these
assay data, isotopic composition database system:SFCOMPO[2] was
developed and constructed on an IBM PC/AT. As a result of data
selection with a consideration of data quality, the isotopic
composition data from 10 LWRs and the axial gamma activity
profile data from a PWR and a BWR in Japan are stored in SFCOMPO
at present. These lists are shown in Table 1 and Table 2.

SFCOMPO has functions of data storage, data revision, data search
and table output, has not a function of graphical output. But, it can
prepare the input for external graphic soft. The figures 2 and 3
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show total-Pu/total-U of collected data and axial gamma
(Cs-137) activity profile data, they were obtained using a Kaleida
Graph Soft and the prepared input for it by SFCOMPO.

3. Group constant libraries for ORIGEN-II from JENDL3.2

One group constant libraries for ORIGEN-II were generated using
SWATI[3] code from the latest Japan Nuclear Data File : JENDL3.2. A
flow chart of generation of one group constant library is shown in
Fig. 4. The libraries for typical PWR fuel and BWR fuels(with 0%,
40%,70% coolant void) were prepared using these procedures. At
that time, one pin model with keeping the fuel pitch and H/U of
the objective fuel assembly was used for generations of these
group constant libraries. The OIGEN-II burnup calculations of 17 x
17 BWR Step 1I fuel were performed using these new libraries and
the original one. The calculated results on the burnup dependent
Pu-239 density of the fuel are shown in Fig. 5. The result with the
new library for BWR 40% void is almost same as one with the
original library: BWRUS.

4. Conclusions

The calculated results:total-Pu/total-U using the original library
and new ones were compared with the collected assay data. Those
are shown in Fig. 6. Most measured data are located in the area
between the calculated line of BWR 40% void and the 70% void. It
shows that these new libraries give reasonable results. On the
other side, we are going to collect assay data on isotopic
composition in MOX spent fuels, high burnup UO2 spent fuels.
These future works are described in Table 3. By using these
collected assay data, the verifications of burnup calculation codes
will be performed successfully.

References

[1] Naito Y., Kurosawa M., Kaneko T.: " Data Book of Isotopic
Composition of Spent Fuel in Light Water Reactors”,

JAERI-M 94-034(1994).
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[3] Suyama K., Iwasaki T., Hirakawa N.: "Improvement of Burnup
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2.1.2 Integral Test of JENDL Fusion File

Fujio MAEKAWA
Fusion Neutronics Laboratory, Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken 319-11
e-mail: fujio@fnshp.tokai.jaeri.go.jp

Integral test of JENDL Fusion File (J-FF) is performed through analyses of available benchmark
experiments. As a result, good agreement between the calculated results with J-FF and the measured
data is observed as a whole. Thus, J-FF is qualified to be used for nuclear design of fusion reactors.
Owing to the high quality evaluation of J-FF, cross section data in J-FF for many nuclides are
recommended to be assigned as data in FENDL/E-2.0 in the IJAEA Consultants’ Meeting held at
Karlsruhe, Germany, 24-28 June, 1996.

1. Introduction

JENDL Fusion File [1] (J-FF) is one of the JENDL special purpose files, to be used for fusion
applications. The most remarkable feature of J-FF is the representation of secondary neutrons in the
double-differential cross section (DDX) form in the ENDF-6 format needed to treat precisely the
correlated energy-angle distributions of secondary neutrons produced by 14-MeV neutrons, in stead
of the energy- and angle-differential cross sections (EDX and ADX, respectively). Cross section data
in J-FF for most of nuclides are identical to those in JENDL-3.2 [2] (J-3.2) except for the representation
of secondary neutrons. Newly evaluated data for beryllium and modified data for several nuclides are
included in addition. To validate cross section data in J-FF, integral tests were performed with
available benchmark experiments.

J-FF along with ENDF/B-VI, BROND-2, EFF-3 and CENDL-2 is one of the candidate
evaluations for FENDL/E-2.0, the Fusion Evaluated Nuclear Data Library version 2 [3], to be released
from IAEA/NDS in 1997. The integral tests also contributed to give a guide for the selection of cross
section data for FENDL/E-2.0.

2. Benchmark Experiment and Transport Calculation

Benchmark experiments [4-8] served for the integral test, listed in Table 1, include both basic
and engineering benchmark experiments carried out at the two D-T neutron source facilities, FNS/JAERI
and OKTAVIAN/Osaka University. Material compositions and geometrical configurations for the
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three basic benchmark experiments were simple to make sure of testing of the cross section data.
Integral tests for these basic benchmark experiments were performed by the Fusion Neutronics Integral
Test Working Group of the Japanese Nuclear Data Comunittee. On the other hand, integral tests for
the engineering benchmark experiment were performed under the Engineering Design Activities of
International Thermonuclear Experimental Reactor (ITER). The practical shielding configuration of
ITER was simulated with the experimental assemblies, i.e., layered shield made of type 316 stainless
steel (§S316) and water, and simulated superconducting magnet (SCM) behind the shield. The
experiment was in a sense a mock-up experiment of ITER.

The continuous energy Monte Carlo transport calculation code MCNP-4A [9] was used for
through the integral tests. The cross section library for MCNP, FSXLIB-JFF [10], was prepared from
J-FF. Results for the calculations were compared to the experimental data for neutron spectrum,

dosimetry reaction rate, gamma-ray spectrum and gamma-ray heating rate.

3. Results of Basic Benchmark Experiment

Figure 1 shows neutron spectra leaking from the beryllium slab for the FNS/TOF experiment.
The spectrum calculated with J-3.2 is larger than measured one around 0.5~2 MeV, while very good
agreement with the experiment is found for the spectrum calculated with J-FF due to the reevaluation
of the energy-angle distribution of secondary neutrons.

Measured and calculated neutron spectra leaking from the spherical titanium pile are shown
in Fig. 2. Although neutron cross section data for titanium in J-FF and J-3.2 are completely the same,
the expression of secondary neutrons is different: DDX and EDX+ADX forms, respectively. No
remarkable difference is, however, observed between the calculated spectra with J-FF and 1.3.2, as
shown in Fig. 2. This is a general trend in most of comparisons between J-FF and J-3.2, and indicates
that the DDX format does not give large impact on the results for integral experiments, although J-FF
reproduces the measured DDX better than J -3.2.

Calculated to experimental (C/E) ratios corresponding to neutron fluxes in the energy ranges
of 10-100 keV and 0.1-1 keV for the FNS iron benchmark experiment are shown in Fig. 3. In this
case, from the comparisons between J-FF and J-3.2, improvements of C/E ratios are found in both the
low energy neutron fluxes. This improvement is simply due to the expression of secondary neutrons
in the different formats.

Tt was reported that most of secondary gamma-ray data in J-3.2 are valid through the analysis
of the OKTAVIAN experiment [11]. Too large gamma-ray production cross section, however, was
pointed out from the FNS iron benchmark experiment, as shown in Fig. 4. On the other hand, results
by J-FF agree within 20 % with the experiment because the gamma-ray production cross sections in
1-3.2 for threshold reactions are modified in J-FF to be consistent in terms of the energy balance.

As a result for the basic benchmark experiments, it is found that most of problems which

were pointed out for JENDL-3.1 and -3.2 are solved in J-FF, and results of J-FF are in good agreement
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with the experimental data, as a whole.

4. Results of Engineering Benchmark Experiment

Figure 5 shows neutron spectra in the SS316/water shield assembly. The calculated neutron
spectrum with J-FF is in good agreement with the measured one frem 14-MeV to the thermal energy.
Reaction rate distributions for threshold reactions (°Nb(n,2n)"*"Nb and '*In(n,n’)!""™In), **U fission
and gamma-ray heating in the SS316/water/SCM assembly in comparisons with calculated ones by
JENDL-FF are shown in Fig. 6. This figure indicates that the adequacy of J-FF for the various
quantities is considerably excellent because the calculation with J-FF predicts the experimental results
with uncertainties of 20 % although neutron and gamma-ray fluxes attenuate 4~6 orders of magnitude
behind the thick shield of ~ 1 m. Consequently, J-FF is qualified to be used for such shielding

designs of fusion reactors.

5. FENDL/E-2.0 Selection

The IAEA Consultants’ Meeting on Selection of Basic Evaluations for the FENDL-2 Library
was held at Karlsruhe, Germany, 24-28 June, 1996. The consultants recommended best evaluations to
be assigned for FENDL/E-2.0, as listed in Table 2. Many cross section data in FENDL/E-1.0 are
replaced by J-FF, resulting in major contribution of J-FF for FENDL/E-2.0. This fact suggests that
the superiority of J-FF is approved in the world.

Acknowledgments
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Table 1. Benchmark experiments used for the integral test.

Basic Benchmark Experiment

Material

Measured Quantities

FNS time-of-flight experiment [4]

Li20, Be,C, N, O, Fe, Pb

_n-spec (> 50keV)

FNS clean benchinark experiment [5]

L0, Be, C,Fe, Cu, W

n-spec (leV~14MeV)
RR, y-spec, y-heat

OKTAVIAN pulsed sphere experiment

[6.7]

Be, LiF, CF2, Al, 81, Ti, Cr,
Mn, Fe, Co, Ni, Cu, As, Se,
Zr, Nb, Mo, W, Pb

n-spec (> 0.1 MeV)

Engineering Benchmark Experiment

Material

Measured Quantities

FNS bulk shielding experiment [8]

§$8316, SS316/water,
§S8316/water/SCM

n-spec (leV~14MeV)
RR, y-spec, y-heat

Table 2. Selected evaluated nuclear data libraries for FENDL/E-1.0 and -2.0.

Nuclide FENDL/E-1.0| FENDL/E-2.0 Nuclide FENDL/E-1.0{ FENDL/E-2.0
1-H -1 ENDF-VI ENDF-VI 25-Mn-55 ENDF-VI ENDF-VI
1-H -2 ENDF-VI JENDL-FF +BROND-2 26-Fe-54 ENDF-VI.1 ENDF-VI.1
1-E -3 ENDF-VI ENDF-VI 26-Fe-56 ENDF-VI.1 EFF-3/ENDF-VI.1
2-He-3 ENDF-VI.1 ENDF-VI.1 26-Fe-57 ENDF-VI.1 ENDF-VI.1
2-He-4 ENDF-VI ENDF-VI 26-Fe-58 ENDF-VI.1 ENDF-VI.1
3-Li-6 ENDF-VI.1 ENDF-VI.1 27-Co-59 ENDF-VI. 2 ENDF-VI. 2
3-Li-7 ENDF-VI HENDF-VI 28-Ni-58 ENDF-VI.1 ENDF-VI.1
4-Be-9 ENDF-VI JENDL—FF 28-Ni-60 ENDF-VI.1 INDF-VI.1
5-B -10 ENDF-VI.1 ENDF-VI.1 28-N1-61 ENDF-VI.1 ENDF-VI.1
5-B -11 ENDF-VI.1 ENDF-VI.1 28-Ni-62 BNDF-VI.1 ENDF-VI.1
6-C -12 ENDF-VI.1 JENDL-FF+ENDF-VI. 1 28-Ni-64 ENDF-VI.1 ENDF-VI.1
7-N -14 EROND-2 JENDI,—FF +BROND-2 29-Cu-63 ENDF-VI.2 ENDF-VI.2
7-N -15 EROND-2 FROND-2 29-Cu-65 ENDF-VI. 2 ENDF-VI.2
8-0 -16 ENDF-VI JENDL-FF 31-Ga—mat | -—-——- JENDL-3. 2
9-F -19 ENDF-VI ENDF-VI 40-Zr-nat EROND-2 JENDL-FF

11-Na-23 JENDL-3.1 JENDL~3.1 41-Nb-93 EROND-2 JENDL-FF

12-Mg-nat JENDL-3.1 JENDI~3.1 42-Mo-nat JENDL-3 .3, JENDL-FF
13-a1-27 JENDL-3 .1 EFF-3 /JENDL-FF 50-Sn-nat BEROND-2 BROND-2
14-8i-nat EROND-2 ENDF-VI/ JENDL-FF 56-Ba-138 ENDF-VI ENDF-VI

15-p -31 ENDF-VI ENDF-VI 73-Ta-181 JENDL-3.1 JENDL-3.1

16-S -nat ENDF-VI ENDF-VI 74-W -182 ENDF-VI JENDL~FF

17-Cl-nat ENDF-VI ENDF-VI 74-W -183 INDF-VI JENDL-FF

19-K -nat ENDF-VI ENDF-VI 74-W -184 ENDF-VI JENDL-FF

20-Ca-nat JENDL-3 .1 JENDL-3.1 74-W -186 ENDF-VI JENDL~FF

22-Ti-nat JENDL-3 .1 JENDL-3.1 82-Pb-204 ENDF-VI.1 ENDF-VI.1

23-v 51 ENDF-VI JENDL-FT 82-Pb-206 ENDF-VI ENDF-VI

24-Cr-50 ENDF-VI ENDF-VI 82-Pb-207 ENDF-VI.1 ENDF-VI.1

24-Cr-52 ENDF-VI ENDF-VI B2-Pb-208 ENDF-VI ENDF-VI

24-Cr-53 ENDF-VI ENDF-VI 83-Bi-209 JENDL-3.1 JENDL-3. 1.

24-Cr-54 ENDF-VI ENDF-VI

+: Data in both evaluations are merged.
/:  One of them is selected after benchmark testing.




Fig. 1

Fig. 2

1.5
1.4
13
1.2
1.1

1.0
0.8
0.8
07
0.6
0.5

Calc./Expt.

Fig. 3

JAERI—Conf 97—005

107

107

Angular Nsutron Flux [ n/sr/m%lethargy/source]

LI |

FNS-TOF Expt.

T T 1 7T TTTT T 1

EXP

JENDL-3.2
FENDL1

JENDL Fusion File

1 Yo sl 1 L

LR LR

Be-152.4mm (41.8deg)

sl

Loaa sl

10°
Neutron Energy [MeV}

10!

Neutron energy spectra leaking from the beryllium slab assembly measured at FNS in comparisons
with calculated ones by JENDL-FF, -3.2 and FENDL-1.

—
L=
-]

107

—_
(=)
L5

T

Neutron Leakage Current [n/MeV/cn /source]

T T 1 T TrIr| T T

T T 117

OKTAVIAN Sphere Experiment TITANIUM

Expt.
-JENDL-3.2
FENDL/E-1.0
JENDL-FF

TR 1 1

p ool

gl 1 L1

107!

10°
Neutron Energy [MeV]

107

Neutron energy spectra leaking from the titanium spherical pile measured at OKTAVIAN in
comparisons with calculated ones by JENDL-FF, -3.2 and FENDL-1.
—— , ——— 15— ————————
(a) 10-100 keV . 14 |- (b} 0.1-1 keV .
- 1.3 -
12+ .
B o1 b ﬁ af“—:*o i
ke
g-lf.} 10 V /V_—O”_B%_¢
= Expt. Error \a . 8 09 | Expt. Error _|
— o JENDL-3.1 ] 08 |- —o— JENDL-3.1 ||
——JENDL-32 07 | —o— JENDL-3.2 |
—e— JENDL-FF 06 ——&— JENDL-FF
— & FENDL-1 ] o —s— FENDL-1 ||
P R R 05 ]
200 400 600 800 1000 ¢ 200 400 600 800 1000

Depth in the Assembly [mm]
Calculated to experimental ratios of integral fluxes for energy regions of (a) 10-100 keV and (b)
0.1-1 keV for the FNS iron benchmark experiment.

Depth in the Assembly [mm)]




JAERI—~Conf 97—005

20 _7 LA A N L B B L L B R BN
i FNS Clean Benchmak on IRON |
| Gamma-Ray Heating Rate |
15 .
‘C—):. n
0
-~ 1.0
2t /0
© [ Expt. Error i
05 [ —o—JENDL-3.2 |7
[ —4—JENDL-FF | ]
- ——-~ FENDL1 .
0_0',\..‘\...1. P RS R
0 200 400 600 800 1000

Penetration Thickness [mm]

Fig.4  Calculated to experimental ratios of gamma-ray heating rates for the FNS iron benchmark experiment.
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21.3 Toward JENDL-3.3: Comments on the Problems of JENDL-3.2

for the next version developments

A. Hasegawa
Nuclear Data Center
Japan Atomic Energy Research Institute
Tokai-mura Ibaraki-ken, 319-11, Japan

Abstract

Revision work for JENDL-3.2 is foreseen and the discussions about the problems of
JENDL-3.2 is under going in a small advisory group of JNDC (Japanese Nuclear Data
Committee) since this April. In this article main discussion points in that group are
presented. Problems from evaluators’ point of view, problem from users’ point of view
and request from anticipéted users are summarized. Some discussions on U-235 cross
sections in the thermal and epi-thermal energy range are made in relation of the new

evaluation of resolved resonance parameters performed by Leal/Derrien.

1. Introduction

Already more than two years have past since the latest version of JENDL-3.2V
was released. This file aims general use in the applications of the atomic power fields
such as fission reactors, fusion reactors, shielding, fuel processing plants and so on. We
think that much feed back information to this file has been piled up as various users’
experiences. Now JAERI NDC(Nuclear Data Center) has a plan to revise the current
version to update to JENDL-3.3, a consolidated new version, including covariance data
for important nuclides in the fast reactor applications. Covariance data preparation is
one of the main items in the new version of JENDL-3.3. This is a reflection of a
requests from urgent and strong needs by the fast reactor development groups in
Japan. At the same time, a thorough re-evaluation work is also foreseen for the
problems raised from users.

A small advisory group for discussing the problems of JENDL-3.2 evaluations -
was set up last April. Up to now several meetings have been held and a number of

problems were raised and discussed. In Chapter2, we summarize main discussion

+ Members are following: M.Ishikawa(PNC), H.Matsunobu(DEI), M.Kawai(Toshiba),
N.Yamano(SAEI), Y.Nakajima(RIST), H.Takano, F. Maekawa, K.Shibata and
A Hasegawa(JAERI)
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points raised from evaluators and/or application users as well as requests by big
potential users for the next version of JENDL.

In this article, a special emphasis is placed on the U-235 data for the fission
reactor applications, especially for Light Water Reactors. There are two main reasons.
One is that the change from JENDL-3.12 to 3.2 causes overestimation about 1% on the
Keff values for light water reactor. This tendency is also found in the analyses of the
experimental reactors JRR-3 and JRR-4 in JAERI and also in the analysis of STACY
experiments in the criticality safety. The other is that a newest evaluation by
Leal/Derrien® for the resolved resonance parameters in the energy range from 0 to
2950eV was released recently and much attentions are drawn to this data due to their
data freshness and detailed error analyses. This data should be one of the candidates
to the next version of JENDL. But the new data has fairly drastic differences in the
capture cross sections, which is one of the key reactions influencing to the criticality of

reactors. Some discussions are made in chapter 3.

2. Problems of JENDL-3.2
Main discussion points are summarized here in the following 3 items, evaluators’
points of view, users’ point of view, requests from big potential users.
2.1 Evaluators’ points of view
2.1.1 Notified problems to Nuclear Daté Center as of Nov. 1996.

» N-14{n,p) : too small cross-section values.
+ 0-16(n,2n) : 10 times larger values are given due to some compilation errors.

- Fe-natural(total/elastic/inelastic) cross-sections in the energy range 800keV to

several MeV from the benchmark tests for ASPIS, FNS transmission

experiments.
- W: energy balance of gamma-ray production cross sections is inconsistent.

+ Ta-181(n, alpha): relatively large values (several hundreds mb) are given in
the low energy range (several tens of keV).

+ U-235(n, gamma): possibility of smaller values in the resonance energy range.

+ Pu-236(n,): too small value for less than 1MeV cross-sections compared with

the measurements.
- Energy spectrum in the continuum energy range for heavy nuclides:

Especially energy spectrum for U-233, U-236 is largely different from the
evaluation by Maslov et.al. Other nuclides should be checked also.
2.1.2 JENDL-3.2 FP data

(1) Thermal cross-section and Resonance Integral

P ——
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Reflection of latest measurements by PNC group are partly made but not yet included
for Te-99, 1-129, Cs-135. These data will be included soon.
(2) Resonance parameters
We think that JENDL-3.2 FP data is the latest evaluations for this item in the world.
But for some nuclides like Ru-99, potential compilation errors due to so many data
manipulation paths in the compilation step has resulted in the wrong assignment of
spin and parity values. For such nuclides, revision work will be made in the next
version,
(3) capture cross-sections
For sample worth of FP, some nuclides show inconsistencies against the integral
values measured by ECN Petten. But we cannot put full responsibility on the cross-
sections itself, because inadequacy of the integral measurements are also conceivable.
For these nuclides, we must gather other back up data to judge the validity of cross-
sections to make final decisions whether to re-evaluate or not. Some limited number of
nuclides such as Eu-152 and 154, cross-sections are determined only by the data
adjustments at JENDL-2 evaluations because no differential data are available. These
nuclides have potential problems in the model parameters because the parameters of
these nuclides might be inconsistent with the value used in the evaluations mostly
adopted in JENDL-3.2.
(4) Inelastic scattering cross-sections
Secondary energy distributions assigned at the threshold energy in JENDL-3.2 for the
continuum reactions (i.e., continuum inelastic, (n,alpha), (n,p), etc.) shows unphysical
shape. This is a long history. Some computer code like MCNP stop whenever it detect
these data because up-scattering process is just generated but physically it is
completely forbidden. The users of such code are always burdened with this problems
because whenever up-scattering process is detected the code would not go further. At
the first stage in the JENDL-3 evaluations, delta function is always assigned at the
threshold energy. But these presentation gives strange (unphysical) shape of flux if the
data are used in the transport calculations of neutroﬂs due to the interpolation of
energy distributions between threshold energy point and the next energy point. So the
energy distribution of the next energy points to the threshold is re-assigned at the
threshold,i.e., the same energy distributions, regardless it's unphysical assignments.
To fix the problem, following three actions are anticipated,

a. Logics in MCNP should be changed.

For the moments, it is affordable. But it is very difficult to take effect for all users of

MCNP.
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b. Tibrary of MCNP should be changed.
This take effects only for updated library supplied from us and not to the other
libraries processed by themselves.

c. JENDL-3 original data should be change.

This is the right way but we think it takes huge time and man powers,

Nuclides having very small number of levels (especially less than 12 levels) among
which total of 100 nuclides succeeding the original evaluation of JENDL-2 have some
potential problems, because these data are taken from rather old level schemes and
capture cross-sections might be rather large.

(5) Benchmark test for the post irradiated analysis

Through the burn-up calculation made for PWR, prediction for the production of Eu-
154 is well reproduced by JENDL-3.2 compared with ENDF/B-IV data. But
experimental data for post irradiated analysis are very scarce up to now, therefore we
must make much efforts to obtain measured data under the good irradiation conditions.
Even if we get post irradiated data from power reactors, usually irradiation history is
not known completely to perform the detailed caleulation for the depletion. Therefore
we cannot state meaningful conclusions for the nuclear data by these power reactor’s

irradiated data. Recently we have some possibility to get these data through JRR-3

clean irradiation.

2.2 Users’ point of view
2.2.1 Fission Reactors
For LWR (Light Water Reactor), comments are given by following three main users,
(D Reactor Integral Test Working Group of JNDC,
(i) Research Reactor Design Group of JAERI,
(iii) NUCEF group of JAERI.
For FBR (Fast Breeder Reactor), comments are given by following three groups,
() Reactor Integral Test Working Group of JNDC,
:International benchmark cores, small core benchmarks.
(i) PNC FBR design group,
:from JUPITER analysis using JENDL-3.2 and ENDF/B-VI library for
criticality, reaction rate ratio, space dependence of rod-worth , Na-void
worth.

(ii1) FCA experimental group,
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from the experimental analysis for enriched U cores, metallic Pu fueled cores

and Doppler worth.

(1) For major actinides, following items are pointed out:

Secondary neutron distributions of heavy nuclides
Unphysical data are given for some heavy nuclides mainly calculated by
PEGASUS code such as U-233, U-235 as shown in Fig.14. Fixing this problem a
consistent evaluation among all reaction channels should be requested.
Capture cross-section in MeV range
Direct capture process is not included in JENDI.-3.2 evaluation, therefore rather
steep decreasing shapes are given as shown in Fig.2 . As the values of these cross
section is very small, thus not significant effects are foreseen for reactor
applications. But for other applications such as astrophysics, these values are very
sensitive to the estimation of nuclear synthesis even if it is the order of milli-barn.
We must give right values and true shape for the capture cross-sections in these
energy range.
U-238 inelastic cross-sections
Significant differences are found in Keff values between the results using
JENDL-3.2 and ENDF/B-VI inelastic cross-section by the substitution method for
FBR benchmarks. The differences come from the secondary energy distributions
as well as the cross-section shape of total inelastic scattering.
U-233 fission cross sections
There are about 2% differences found in Keff between JENDL-3.2 and ENDF/B-
VI evaluations for the analysis of small spherical cores of U-233 system of FBR.
This differences are suspected to be in the differences of fission cross-sections.
U-235 capture cross-sections

Latest evaluation by Leal/Derrien of U-235 data for resolved resonance region
shows quite huge differences, i.e.,, 20 to 80% larger values are assigned in the
energy range 200 eV to 2.2 keV compared with that of JENDL-3.2. Details are
described in section 3. This data gives rather small contribution to the Keff of
thermal reactor benchmarks but rather larger effects for FCA IX series
assemblies.

The data differences between JENDL-3.2 and 3.1 gives 0.3 to 1.1% change in
reactivity(the former shows more reactive) for thermal benchmarks. This
differences in Keff comes from capture cross-sections in the thermal energy range.

From these two reasons, we must re-evaluate this reaction data carefully for the
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next revision of JENDL.
® [-235 v structure
The data of JENDL-3.2 shows some clear structure in v, none of the evaluations
other than JENDL has such tendency. NEA NSC WG-18 ( epi-thermal U-235
cross-sections) shows some interests for this matter.
® Other important reactions
Following reactions are listed up through the discussions mainly from FBR
benchmarks and FBR sensitivity analyses,
Pu-239 fission, capture, fission-spectrum,
Pu-240 fission capture,
Pu-241 fission.

(2) structural materials or coolant materials
Following cross-sections are listed-up;
Fe inelastic,

Na elastie, inclastic cross-section, elastic

O elastic cross-section, elastic i :

For FBR applications, the differences in the evaluations between JENDIL-3.2 and
ENDEF/B-VI gives non-negligible contribution to the reactor parameters from the

sensitivity analyses studies made by M.Ishikawa (PNC).

(3) Comments from FCA:
- From the analyses of FCA-IX series assemblies (7 cores: composed from C moderated

and SUS moderated cores) for enriched U cores, criticality calculation by JENDL-3.2
shows over-estimation in Keff. If we replace U-235 JENDL-3.2 data with that of 3.1,

Keff approaches to 1.0, this tendency is amplified with increase of C density.
« For metallic fuel (Pu) mock-up assemblies (FCA-XVI-1, XVI-2), criticality calculation

by JENDL-3.2 shows under-estimation in Keff. Spectral indices by foil measurements
are very well predicted by JENDL-3.2 ie., all values are within the measurements
accuracy(ex, C/E of F28/F49 using foil measurement is nearly 1.0. This value is
improved considerably compared with C/E value for the measurements by fission

counters, the latter is in the value of 1.05).
* For the Doppler reactivity worth, JENDL-3.2 predicts it very well for the cores

ranging from experimental reactors to large FBRs including demonstration plants

within the measurements errors.
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(4) Comments from NUCEF
. Benchmark results from STACY shows that Keff by JENDL-3.2 over-estimates the

experiments by 0.8% . This value seems rather large compared with the experimental
accuracy, which is thought to be about 0.1% .Some questions about U-235 thermal data

are raised. .
. Calculation by JENDL-3.2 shows about 0.5-0.7% reactive results compared with

JENDL-3.1. In the sensitive energy range for this calculation, differences in fission
and capture cross-section are attributable. Considering the differences in the
magnitude of these cross-sections, main contributor to this difference is fission

reaction cross-section.

2.2.1 Shielding

For Iron data, problems still remained. Items to be re-evaluated for this nuclide

are:
- Total and elastic cross-section shape adjustment for valley and peak values from 1

to 3 MeV
- Tnelastic / elastic scattering cross-section sharing from 600keV to 1MeV.

o fix these values, high resolution experimental data are inevitable, Geel's new
data will play a very important role. '

From the analyses for the transmission spectrum experiments (Benchmarks from
Broomstick, ASPIS, FNS) following remarks has been pointed out:

At the revision work from JENDL-3.1 to 3.2, significant improvements were
obtained for the transmitted spectrum taking account the re-grouping of levels of
inelastic scattering cross-sections of Fe. Number of levels used in the latest version is
less than 40, i.e., we have still chance to include more levels to improve the data.

As to the evaluation policy, whether to take isotope evaluation or natural isotope
evaluation is still unresolved problems. For the user's points of view, natural
evaluation is more favorable. In the experiments, a number of natural-element data
are obtained rather than the isotope data for structural materials or shielding
materials. Further consistency should be maintained between these evaluations 1.e.,
isotope evaluation and natural element evaluations. Keeping consistency is a big

burden in the evaluation process.
2.2.3 Fusion Reactors

For this application, requests from users are fundamentally satisfied by the

JENDL-Fusion File completed last year. The main points of the evaluations are
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placed for the good prediction for DDX data and gamma-ray spectra. For the General
purpose file these results will be feedbacked. Still further problems are pointed out
from experimental analyses for the applications in ITER.

® Common problems in the evaluation:

Increasing of data accuracy using individual isotope evaluations, not using natural
element evaluations is requested. Because it aviods the ambiguity of threshold energy
or insufficient number of levels to represent all of the inelastic levels. In some nuchdes,
energy balance of gamma-ray emission and particle emission are not represented
properly.

® Individual problems:

Fe:

The prediction of heat production rate by gamma-ray is over-estimate for FNS
experiments. This problem is solved in JENDL Fusion File. Reflection of iron data in
the fusion file to the General Purpose File is requested.

Elastic scattering cross-sections around 14MeV seems rather small by the
comparison of transmission experiments performed by FNS. Also reevaluation for
total cross section around 5 keV is requested.

Ni:
Energy balance of capture gamma-ray has problems. (n,alpha) cross section has low
energy components below threshold.

W:
Energy balance of gamma-ray is inconsistent.

Cu:
Resonance parameters either of Cu-63 or Cu-65 in the energy range of several
hundreds keV has some problems from the analyses for neutron spectrum observed
in the Cu block..

Neutron spectrum:
Leakage spectrum for F, Ti and Co, are not well predicted by the analyses of
OKTAIAN experiments.

Secondary gamma-ray spectrum:
For Ti, Cr, Nb and W, secondary gamma-ray spectrum is not well predicted for the

analyses of OKTAIAN experiments.
2.3 Requests from potential users

{1) Requests from ITER group.
Nearly all nuclides are already available in the JENDL-3.2 for the design purpose of
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ITER. So no additional nuclides are requested to evaluate any more. But gamma-ray
production data should be prepared for all of the nuclides necessary. In this sense, a
number of nuclides are still necessary to be evaluated in the JENDL-3.2. This is
because the heat production in the super conducting magnet is one of the key
parameters in the design.

For the estimation of damage by the irradiation of 14MeV high energy neutron,
KERMA/DPA data plays a very important role. To do the damage calculation, energy
spectra of exit charged particle data are inevitable. These data has been evaluated in
the JENDL Fusion file. Requesting data accuracy from the user side is about 5% for all
of the data items to be considered, but this value seems very severe for the
experimenters. For the designers, in some cases only lcm differences in the shielding
thickness might result in the cost up of 1 billion yen. Designers want reducing the cost

ambiguity due to the cross section ambiguities.

3. U-235 data in thermal and epi-thermal energy region

U-235 epi-thermal cross-section is a hot topics in the QECD/NEA NSC(Nuclear
Science Committee) WPEC SG-18 (Working Party of International Evaluation
Cooperation Sub-Group-18). Recently Leal/Derrien’s new evaluation data has been
released. This data is believed as the last evaluation in this century for the resonance
parameters of this nuclide. The data is given in ENDF6 FORMAT. The current data of
ENDEF/B-VI.2 is the evaluation made by Leal and de Saussure, but some problems has
been pointed out. One of these problems is Resonance Integrals, the values for fission

reaction seems good but that for capture too small(10-13% ) (see Table 3.3).
The new data show 1 energy dependence (n = v 0 /0 a) for the energy range

0.02- 0.4 eV. This energy dependence was introduced from the evidence of experiments
made by Geel and ILL. This energy dependence is suggested by reactor physics group
for the inconsistency of temperature coefficient in thermal reactors.

The newly evaluated resolved resonance parameters are following:

energy range : 0-2250eV

number of resonances: 3170 resonances
number of resonances in the boundstate: 14 resonances
number of resonances above 2.25keV: 14 pseudo resonances

A complete single set of resonance parameters are obtained by high resclution
transmission data fitting for fission and capture reactions using SAMMY code.' The
code SUMMY is multilevel multi-channel R-matrix resonance analysis program based

on the Bayes approach for Reich-Moore formalism with multiple scattering correction
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for capture reactions.

Table 3.1 Fitting Data Sources

thermal(0.0253) Wageman(Geel/1988)
< leV total: transmission by Spencer(ORNL/1984)
<20eV fission: Gwin(ORNL/1984) Schrack(RP1/1988)
total: 3 transmissions by Harvey
high resolutien data
fission: Weston(ORNL/1984)
Weston(ORNL/1992)
capture: de Saussure(RP1/1967)
Perez{(ORNL/1967)
1 :Wartena(Geel/1987)

Weigmann(ILL/1990)

0.001-0.46V
0.01-1eV
0.01-20eV
0.4-2250eV

14-2250eV
100-2000eV
0.01-2250eV
0.01-200eV
0.0018-1.0eV

0.0015-0.15

For this new evaluation several problems have been pointed out by Moxon and

others. Used code is one of the problems. REFIT code fitting is recommended by him

because Doppler broadening is calculated by more rigorous Einstein model. SUMMY

code uses Gas model, ie., less accurate model. In the course of fitting effective

temperature of the sample should be carefully checked and assigned. From the fitted

data observation several peaks in one resonance are seen, ie., not completely

separated for very narrow resonances in this fitting. The most important point among

the problems is radiation widths, because it fluctuate too much compared with

expected.

Table 3.2 Fluctuation of <I" >

Evaluation <I,> 1o
ENDF/B-V1.2 34 9 meV 3.0meV
JENDI].-3.2 34.9 3.0
Leal/Derrien 41,9 11.4

nb. 1 o:standard deviation
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Here the value of Leal/Derrien’s 11.4meV is nearly theoretical upper bound ie., too
high. Theoretically it is about 1meV. From Table 3.2,the value of fluctuation seems
normal for the current evaluations of JENDL-3.2 and ENDF/B-VI .

If this new evaluation is true then we must check & value(ratio of capture to
_ﬁssion cross-sections ) above 2250eV,because the same tendency might be appeared in

this energy range.

The data validation by Benchmark test has been made by the members of NSC
WPEC SG-18 in early 1996 using pre-released data for reviewing. Benchmark
calculation was made mainly by two groups, US CSEWG group and JEF group of
FRANCE. Former group calculates ORNL benchmarks(ORNL-1,2,3,4and 10) which are
unreflected sphere of U-235 uranyl nitrate and Hz0 mixture. FRANCE CEA (JEF
group) calculated LWR Lattices. And no significant impact to Thermal Lattices are
found and 0.2-0.3% decreasing Keff tendency found. This tendency is nearly the same
as our calculation performed by TAKANO et.al. (JAERI).

Table 3.3 Present Data Status for U-235

data source I | a <I' >

unit b b meV

Mughabghab 144+ 6 275+5 0.523X£0.24

ENDEF/B-6.2 133.5 279.1 0.478 35.0
JENDL-3.2 134 279 (.478 35.0 38.56
MOXON ~38.2
Leal/Derrien 140 275 0.509 41.9

n.b

* I, : capture Resonance Integral

-1, : fission Resonance Integral
1o’ : ratio of capture to fission
<I' > average radiation widths
2 values are given foe JENDL-3.2 the first number is for lower energy the

other is for higher energy.

Data status of JENDL-3.2 compared with Leal/Derrien’s evaluation, is shown in
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Table 3.1-3.3, Fig. 3.1 to 3.3. Significant differences are found for capture cross-
sections, some for fission cross-sections compared with current evaluations.

In the course of re-evaluation step, we must take into consideration this new
data as one of the candidate for JENDL-3.3. Much works still remains to take this
data.

4, Conclusions

Brief descriptions of the problems recognized in the current version of JENDL-3.2
was described. A revision work toward JENDL-3.3 will start in 1997 by JNDC. A new
version of JENDL-3.3 will be scheduled .within next 3 years. This does not means new
data will be available after 3 years from now. Any new revised data (nuclide wise) will
be open to the publics at any times when the evaluation work is completed and review

is made.
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2.2 Topics 1: International Collaboration

221 STATUS AND FUTURE PLAN OF NUCLEAR
DATA ACTIVITIES IN CHINA

‘Zhuang Youxiang and Tang Hongging

China Institute of Atomic Energy
P. 0. Box 275, Beijing 102413
P. R. China

Abstract

The present status and future plan of nuclear data measuremant and
evaluation in China are presented, including the supplement,

improvement on CENDL-2.1 and benchmark test of CENDL-2.1, the
progress on nuclear data measurement and CENDL-3.

I. Introduction

Nuclear data requirements in the nineties are shifting from
conventional to advanced fission and to fusion reactor technology,
nuclear waste incineration and fission reactor decommissioning, as well
as to intermediate energy applications such as biomedical applications,
spallation sources, accelerator shielding, space and cosmic research.

Nuclear data has played a significant role in the growing economy
and energy demands, nuclear science and technology of the developing P.
R. China.

The China Nuclear Data Center (CNDC) and China Nuclear Data
Coordination Network (CNDCN) have made a lot of progress on nuclear
data measurement, evaluation and nuclear reaction theory as well as its
application since 1993.

II. Nuclear Data Measurement

Since last symposium in 1990, some progress has been made of
nuclear data measurement and related experimental facilities.

The measurement program is focused on the nuclear data for fusion
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and fission reactor technology. It includes measurements of differential
and double differential cross sections of secondary neutrons, activation
cross sections, neutron-induced charged particle outgoing reactions,
fission yields, prompt fission neutron spectrum, radiative capture y-rays
and neutron emission spectrum on (o,n) reactions . '

2.1 DDXs of secondary neutrons

At the incident neutron energy of 10MeV, the DDXs of secondary
neutrons have been measured on °Be, Fe, 2*U and ?”Bi using CIAE
method. Namely, the higher energy part (greater than ~3.5 MeV of the
secondary neutron spectrum) was measured by the normal TOF
spectrometer and the lower energy part was measured by the abnormal
spectrometer. Some results are shown in figs.1-4.

At 14MeV, the DDXs of C and *Be were measured at the pulsed
Van de Graaff accelerator of Peking University. The data of 'Li which
were obtained by an associated a-particle TOF method are shown in
figs.5 and 6.

At 37MeV, measurement of differential cross sections of C and *”Bi
was carried out at the HI-13 tandem accelerator using a tritium gas target .
Some preliminary results (neutron attenuation, multiple scattering and
finite geometry have not been corrected yet) are shown in figs.7and 8.
Measurement for light elements is planned in the future.

2.2 Activation cross sections

2.2.1 Neutron-induced reactions

The following reaction cross sections have been measured:
(n, p): *Ti, ¥Fe, *Co, *#*¢Ni, Zn and '**W in the energy range from
6to 11 Mev, Mo, **Ni, ®*Zn and **Fe around 14MeV.
(n,npt+pn+d): **Ni in the 6-11MeV region.
(n, t): **Fe, ®Ni and ®Cu in the neutron energy range from 6 to
11MeV.
(n, 2n): >*Nb and ""*'"Hf in the 7-12MeV region.
(n, v): *°Tb, "Tm and '°Hf in the energy range 0.1-1.5MeV. Some
results are shown in figs.9 and 10. In the near future the effort will be
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concentrated on the energy range from 6 to 12 MeV and reaction
residuals with short half lives at 14MeV.

2.2.2 Charged particle induced reactions

Cross sections of d+Ti and d+Mo reactions have been studied in the
incident energy below 24MeV.

2.3 DDXs of (n, X) reactions

DDXs of outgoing charged particles of neutron-induced reactions
have been studied for structural materials. The data of **Ni(n, o) and *’Ca
(n, o) reactions at incident neutron energies of 5,6 and 7MeV and (n, p)
reactions on Fe, *Nb and Ni at 14MeV were obtained. Measurements of
(n, p) reactions on *Ni, **Fe, %Zn and *Sc in the incident energy range
4-5MeV and (n, o) reactions on Fe, Ni and Cu at 14MeV are planned.

2.4 Fission yields

The yields of fission products of #*°U at about 5,8 and 14MeV have
been measured using the thermal neutron-induced fission yield as a
reference standard. The dependence of the yield on the incident neutron
energy for some products is obtained. The uncertainty of the data is about
3%. The yield measurements of *U at 3MeV and other fissile nuclides
are scheduled in the coming years.

2.5 Prompt fission neutron spectrum
After the measurement of the prompt fission spectra of Z*U at 10

and 12MeV, a measurement at 5.4MeV was finished recently. The result
is shown in fig.11.

2.6 Radiative Capture Y-rays

After the measurement of the excitation function and angular

distribution of the 2C(n, Y) reaction, the excitation functions of ‘Li(n, Y)
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"Li, 1*O(n, 7)"0, *Fe(n, Y)*’Fe and **U(n, ¥)**U reactions in 9-18MeV

and ""B(p, ¥)"’C in the 5-15MeV region have been measured recently.
Some results are shown in fig.12.

The fusion Y-rays of hydrogen isotopes at low energies will be

studied and Y-ray production cross sections at 14MeV will be measured
in the near future.

2.7 Neutron emission spectra of (p, n) and (a, n) reactions

To obtain nuclear level density parameters of reaction residual
nuclei in the excitation energy range 2-7MeV, besides the measurement
of neutron emission spectra of (p, n) reactions on *Sc, '"'®Ag, '****8m
and Mo isotopes, the spectfa of **Fe(a, n), “Nb(o, n) and '*In(a, n)
reactions have been measured at 12.3, 16.3 ‘and 18.3MeV recently. Part
of results are shown in fig.13 and Table 1. A further study will be
focused on (o, n) and heavy ion reactions.

In the recent years, some new cxperimental facilities have been built.
A new Cockeroft-walton accelerator with a maximum voltage of 600keV
and direct beam current of 3 to 5 mA is under construction. It is designed
to provide pulsed beam with a pulse width of ~1.5ns, an average beam
current of 30-50pA and repetition rate of 1.5SMHZ. Besides measuremen-

ts of microscopic nuclear data, such as DDX of secondary neutrons, Y-ray
production cross sections, activation cross sections, fission product
vields etc. around 14MeV, an integral experiment will be arranged at the
accelerator. So far the accelerator has already provided several hundreds
of hours direct beam for neutron experiment. It will give pulsed beam
soon.

An ultraviolet vacuum spectrometer has been built at the HI-13
tandem accelerator for atomic and molecular physics study. Beam foil
spectroscopy of highly ionized atoms will be studied with this facility.

A tritium gas target has been built at the tandem accelerator. It has
been used for ~900 hours for neutron scattering experiment at 37MeV
and other measurements. A schematic diagram and some neutron spectra
of the T(d, n) reaction are shown in figs.14 and 15.
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III Nuclear Data Evaluation
3.1 The Supplement and Improvement on CENDL-2.1

A modified version of CENDL-2, i.e. CENDL-2.1 was completed
and released in 1995.

The library contains evaluations of neutron reaction data for 68
elements or isotopes from 'H to **’Cf in the neutron energy range
from 107 eV to 20 MeV.

Compared to CENDL-2, the size of the library has been increased
significantly, the modifications have been made to most materials, so the
accuracy of the data have been improved. For example:

(1) 14 new evaluations completed by Chinese or Chinese/Japanese
cooperation have been added. They are: Cl, 35%334Cr, 54%6.573%F¢,
6365Cu, Lu, Hg, and Ti.

(2) 9 evaluations have been updated or re-evaluated, which were done
by Chinese or Chinese/Japanese cooperation. They are: Al, "™Ca,
ntCr. SSMn, "*Fe, "Cu, BN, nat Ag and 2381

(3) The secondary neutron energy spectra have been modified for 20
nuclides. They are: '°0,*Na, Mg, Si, P, S, K, Ti, >'V, Nj, Zr, Cd, In,
Sb, Hf, W, '’ Au, Pb, %*'Np and *’Pu.

(4) The total cross section and elastic scattering cross section have been
updated for 8 elements. They are: S, K, Ti, Ni, Zr, Sb, Hf, and Pb.

(5) The double differential cross section, gamma production data and
covariance data have been added for many nuclides.

The comparison of the CENDL-2.1 with CENDL-2 is as follows:
Nuclides MF6 MF12-15 MF31-33

CENDL-2 54 4 10 7
CENDL-2.1 68 25 38 10
Increment 14 21 28 3

All the n-D interaction data for CENDL-2.1 have been calculated
from the three-body model based on the Faddeev equation. The double-
differential cross sections of nertron and spallation proton in H(n, 2n)'H
reaction are shown in Figs.16~20, as seen, the coincidence of theoretical
results with experimental data is generally good .
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3.2 The Benchmark Test of CENDL-2.1

CENDL-2.1 has been tested for ten homogeneous, eight heterogen-
eous thermal and nine homogeneous fast assemblies, which were
recommended by CSEWG of USA. 123 - group (for thermal) and
175- group (for fast) cross sections were generated with code system
NJOY91.91/NSLINK, MILER, the effective multiplication factors and
reaction rate ratios were calculated with code system PASC - 1.

The calculated K ;; are shown in Figs.21~22 for homogeneous and
heterogeneous thermal assemblies. It can be seen that the K.y are much
close to 1.0 for first five homogeneous (Fig.21) and eight heterogeneous
(Fig.22) uranium assemblies, ranging from 0.9944 to 0.9995 and from
0.9965 to 1.0027, respectively; but they are considerably overestimated
(maximum 2.44%) for last five homogeneous plutonium assemblies
(Fig.21). The K. for homogeneous fast assemblies are shown in Fig.23.
It can be seen that they are very close to 1.0 (ranging from 0.9994 to
1.0014) for first three ®°U assemblies with different spectra. They are
overestimated by about 0.4% for two plutonium metal bare sphere
assemblies (JEZEBEL and JEZEBEL - Pu), but it becomes better for
plutonium assembly with natural uranium reflector (FLATTOP - Pu).
They are changed from 0.9946 to 1.0093 for three different **U
assemblies without, with natutal U and *** Th reflector.

In conclusion, the agreements of the calculated K with expermental
ones are quite well for U fast, thermal (homogenous and heterogeneous)
assemblies, but the K_; are overestimated for Pu thermal, fast assemblies.
This means that the data of 2°U, **® U(O, H) in CENDL - 2.1 are reliable,
but the data of Pu need to be improved. The similar conclusion also
obtained from analysis of the calculated reaction rate ratio data for above
assemblies.

To compare, the calculations have also been done with ENDF/B-6
data for above assemblies and the K, are shown in Figs.21~23.

3.3 Nuclear Parameter Library, Charged Particle and Photonuclear
Data

(1) China Evaluated Nuclear Parameter Library (CENPL)
The six sublibraries, atomic masses and characteristic constants,
discrete level schemes and gamma radiation branching ratios, giant
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dipole resonance, level density, fission barrier and optical model
parameters, have been set up. The studies of the relevant model
parameters are being carried out. A plan on developing the CENPL-2 has
been worked out.

(2) Charged - Particle Nuclear Data (CPND)

The evalnation and calculation of "B(p,n)'C, "*C(p,n)"*N, "“O(p,
a )°C, 7Se(p,n)"Br and "¢ W(p,n) '** Re reaction cross sections have
been accomplished for medical radioisotope production under IAEA
research contract No. 8600/RB. There is a result of "’Se(p, n)"'Br reaction
cross section, see Fig.24.

The renewal contract No.8600/R1/RB has started, the scope of the

research project is as follows:

a. BEvaluate experimental data for 13 proton reactions, inciuding 7
monitor exitation functions and 6 exitation functions of gamma-emitters;

b. Perform theoretical calculations of proton induced reactions on
27A1, MtCu, ''Cd, ¥ and **T1 up to 80 MeV, and recommend excitation
function on 2Na, *Co, "'In, 'ZXe—'%I and *'Pb—"'Tl, respectively.

The activation cross sections of CPND were also evaluated and
calculated by code CUNF, for example, *'Fe(p, 2n)**Co reaction cross
section is given in Fig.25.

(3) Photonuclear Data

The collections and evaluations of experimental photonuclear data
and complete theoretical calculations on **°***%2#Fe and *>™Cu for
photons up to 30 MeV have been completed under IAEA research
contract No.8833/RB using code GUNF, a result is shown in Fig.26.

3.4 Nuclear Theory and Computational Code

The recent progress on nuclear reaction theory and its application
are presented in the following.

34.1 Double Differential Cross Section Formulations of Light
Composite Particle Projectile
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The semi-classical multi-step compound and direct interaction double
differential cross section formulations of light composite particle
projectile considering (1, m) and (2, m) pick-up type reactions
simultaneously are presented. The calculated results of cross section,
spectra, and double differential cross sections indicate that the
contributions of the (2, m) pick-up type reactions are about 15~25%
when incident energy is less than 50 MeV and become dominant when
incident energy is larger than 50 MeV in some region of the outgoing
energy and angles. Whereas the forward tendency of the calculated
angular distributions by (2, m) configuration are weaker than that by (1,
m) configuration. It also concludes that for the reactions of outgoing
composite particle with higher incident energy the semi-classical multi-
step direct process must be considered.

3.4.2 Consistent Dynamic and Statistical Description of Fission

The research survey of consistent dynamical and statistical descript-
ion of fission is briefly introduced. The channel theory of fission with
diffusive dynamics based on Bohr channel theory of fission and Fokker-
Planck equation and Kramers-modified Bohr-Wheeler expression
according to Strutinsky method given by P.Frobrich et al. are compared
and analyzed.

3.4.3 The Quantum-Mechanical Preequilibrium Theory

(1) Unified theory of nuclear compound reaction and multistep
compound theory

A unified theory formula describing the multistep compound emissi-
on of preequilibrium and compound nucleus emission of full equilibrium
is presented by using the optical model in the FKK theory.

(2) The FKK theory of Spin 1/2 particle
A multistep compound formula with the spin-half particle, a non-

zero spin target and the angular momentum coupling treated in j-/
representation has been deduced.

(3) Two-component multistep compound theory
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The neutrons and protons are distinguished rigorously by isospin in
wave function. The formulas of double differential cross-sections,
damping and escape width are deduced in this two component theory.

(4) Quasi-quantum model for calculating multistep direct reaction of
continuum and discrete levels.

3.4.4 Intermediate and High Energy Reactions

(1) Averaged analytical forces in intermediate and high energy reactions

By use of the effective Skyrme-type potentials, we derived the
averaged analytical forces which include the two-body Skyrme force,
three-body Skyrme force, Yukawa force and the Coulomb force.
Comparing with the difference method, the application of the analytical
forces can raise the calculation speed to 6 times and raise the accuracy
significantly.

(2) Light particle emissions in fission diffusion process and the nuclear
friction coefficient

In order to include the emissions of other light particles (such as p, a,
...) into the fission diffusion process, we give out the extensive
Smoluchowski equation with the inclusion of these light particle
emissions. We also showed the formulas for the multiplicities of these
particles, with them the comparisons to experimental data can be made
and the nuclear friction coefficient can be extracted.

3.4.5 Effective Nucleon-Nucleon Cross Sections Based on Skyrme
Interactions

A major goal in the study of intermediate-energy heavy-ion collisions
is to measure the time evolution process of nuclear matter under violet
collisions as well as nuclear properties under extreme conditions of high
density and temperature. However, the interesting information on these
problems can only be obtained indirectly through certain theoretical
model. Thus one has to choose a good theoretical tool, which should be
as general and basic as possible on the one hand and as practicable as
possible on the other hand. At present, there exist various approaches to
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this subject; the most ambitious one is to obtain the transport equation
starting from the time-dependent G-matrix theory. In this approach the
time evolution of the heavy-ion collision process is described by a
kinetic equation, the G matrix serves as a dynamical input of two-body
interaction. It would be more practical to take the effective interaction
rather than the G matrix as the transport model for heavy-ion collision. In
this work we obtain a self-consistent Boltzmann-Uehling-Uhlenbeck
approach which is used to study heavy-ion collisions based on the
effective Skyrme interactions, and reproduced empirical optical
potentials. The temperature and density dependence of the effective
elastic cross section in nuclear matter have been studied. Bacause of the
fundamental assumption of the temperature independence of the effective
Skyrme interaction and the limitation due to the zero-range force used,
our results might be considered to be reasonable for T < 10 MeV and for
kinetic energies £, < 120MeV.

3.4.6 Computational Code

A series of codes UNF has been developed and perfected for nuclear
data calculation with the unified treatment of the pre-equilibrium and
equilibrium reaction processes with angular momentum and parity
conservations. The pick-up mechanism of composite particle emission
and the discrete level effects are taken into account for improving the
calculations of reaction cross section concerned. This series is capable of
calculating DDX of particles, recoil nuclei and y-ray produced in the
reactions.

NUNF is for structural material calculation, FUNF for fission
nuclides, SUNF for fission product ones, LUNF for light nuclides, all the
mentioned-above codes for neutron incident; CUNF for charged particle
incident on structural material, and GUNF for photonuclear reactions.

3.5 China Evaluated Nuclear Data Library, the third version
(CENDL-3)

A five year plan(1996-2000) for nuclear data have been made and
endorsed by the First Plenary Session of the Second China Committee
of Nuclear Data held in Beijing in June, 1995. To make the plan in detail
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and workable, follow after, the joint meeting of Nuclear Data
Evaluation and Nuclear Theory Working Groups, the meetings of
Nuclear Data Measurement and Macroscopic Data Working Groups
were held in Oct., Dec. 1995 and May 1996, respectively.

According to the plan , CENDL — 3 will be completed by 2000, and
will contain 200 nuclides. Among them, the data of following nuclides
will be newly or reevaluated: fissile nuclides 15, structure materials 18,
light nuclides 5, fission products 91. It will contain consistent data
between natural element and its isotopes for structure material, newly

evaluated data for fission products, and more v -production data (files
12-15), double differential cross section(file 6), covariance matrix (files
31-35).

According to the plan, also the special files for fission yield,
activation cross section, nuclear decay data and intermediate data will be
developed. An expert system for nuclear data evaluation will be
established. CENPL will be improved and revised.

To complete the plan, many subgroups on different subjects have
been organized at CNDC and China Nuclear Data Coordination Network,
and the various works are underway smoothly.
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Table 1 Comparison of "a" parameter (MeV-1)
59 . 95 96 97 98 100
N T T
‘28 a3 ik Teys Tey3 Tey3
G-C  6.00 8.34 9,04 9.80 10.56 11.77
Su 6.50 i1.94 13.04 13.52 14.25 15.52
Fit  6.30 10.70 11.00 11.20 11.20 11.80
147 152 107 109 45_,
Elgg Evgs Cdsq Cdsq T2
G-¢  21.02 21.75 14.70 16.12 6.84
Su 20.69 22,77 16,30 16.31 7.06
Fit  15.92 18.00 13.25 14.03 6.01
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222 Status and Future Plan of Nuclear Data Activities in Korea

OH, Soo Youl and CHANG, Jonghwa
Nuclear Data Team
Korea Atomic Energy Research Institute
P.0.Box 103, Yusung, Taejeon, 305-600, Korea
Phone: +82-42-868-2961 e-mail: syoh@kaeri.re.kr

Abstract

It was reviewed the nuclear data related activities in Korea, and was explained a 15-
year term nation-wide R&D project that had been launched at 1996. The experiences
up to now show, as a whole, that the nuclear data field in Korea is in the early stage.
Through the long term project, however, it is expected that a firm foundation be
established. Then it would be possible to contribute actively to the international nuclear
data community as well as to meet domestic requests for nuclear data.  Also it was
pointed out the necessity of the international collaboration such as consultings and co-
works.

1. Introduction

The nuclear power in Korea has taken an important role in electricity generation during
last two decades. There are now 10 PWRs and 1 CANDU plant in operation and 4 PWRs and
3 CANDU's under construction. The nuclear share in the total electricity generation at 1995
was about 36%, and the share of 40% in capacity has been the basis of the long-term national
clectricity supply plan. These numbers show directly the importance of nuclear power in
Korea. Accordingly the nuclear related R&D activities have been focused on the design and
construction of nuclear power plant and, as a result, the key technology for conventional
nuclear plants had been settled down. This trend, however, also results in basic research fields
fallen behind in a relative sense. It is worthy here to quote the science and technology policy
in Korea. The basis of the policy is fo enter at midway, not from the most fundamental stage.
It looks an avoidable choice due to the limited man power and research fund; for instance, the
number of researchers in nuclear related research institutes in Korea is less than 1,000 persons.

The nuclear data field has been regarded as one of the basic fields, and it is hard to say
that the current level in Korea is satisfactory. In section IL, it was introduced the experiences
in Korea in three categories; nuclear data measurement, evaluation, and processing. ~ Section
Tl summarized the demand for nuclear data in the increasing phase, and Section IV was
devoted to explain a 15-year nuclear data R&D project, which is one of the nation-wide long-
term nuclear projects[1]. It is expected that a firm foundation be established through this
project, however, as it was pointed out in the final section, the international collaboration is
indispensable for the project.
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I1. Status of Nuclear Data Activities

The authors expect that there would be no special objection to categorize the nuclear
data activities into three groups from top to down stream; the data measurement, evaluation,
and processing. Korea Atomic Energy Research Institute (KAERI) has been the center of
nuclear data related activities as well as of other nuclear related researches. So the most of
experiences introduced here is of KAERL

Regarding the processing of evaluated data library, there are relatively fair experiences
through conventional PWR projects and a project on the research reactor HANARO[2].
NJOY system has been used to process ENDF/B, JENDL, or JEF. WIMS/D library for
HANARO and CANDU reactor is one of the major libraries produced. MCNP4A library was
produced for HANARO simulation, CASMO3 library for Mixed Oxide (MOX) fuel research,
and SPINX, TRANSX/MATX libraries for the fast reactor nuclear design. Alsoa benchmark
test of evaluated Fe data for OECD/NEA is one of the examples in the processing category.

In the category of evaluation, a database construction has been the major work scope.
Evaluated nuclear data have been collected since 1979 and processed for domestic applications.
It has been developed since 1994 a machine system in the form of World Wide Web to
redistribute these data[2]. The collection list also includes nuclear structure data.. For the
evaluation itself, many well known methodologies are under studying and testing. Meanwhile
building man-power is the other subject.

In the category of measurement, there are only a few experiences. Nuclear structure
data at universities, proton reaction data by using cyclotron, efc. fill the list for this category.
However, two major facilities had started the operation at 1995, HANARO reactor and a light
source from accelerated electrons at Pohang Accelerator Laboratory(PAL)[3]. HANARO isa
multi-purpose research reactor constructed at KAERI. It is a pool type 30MW reactor of
which neutron flux level is SE+14. On the other hand, PAL has a 150m-long LINAC to
provide electrons to the storage ring. Three electron beam exits, from 100 MeV to 2 GeV,
were prepared. 1t is expected that these facilities provide good environment for measurements.
Experiment facilities for nuclear data measurement will be added in those two sites, and a high
energy proton accelerator is under planning related to the spallation research. The plan will be
explained at Section I'V.

TH. Demand for Nuclear Data

The demand for the nuclear data in Korea is in the increasing phase. This trend is closely
related to the endeavor to expand the horizon from the conventional technology to the
advanced ones and from the power generation to other ones such as nuclear therapy. -

There are internationally available evaluated cross sections nowadays such as JENDL-3 2,
ENDF/ B-6, JEF-2, etc. During the period of introducing fully developed nuclear technology,
there was nearly no need to elaborate in nuclear data producing activity. However, as Korea
becomes one of the most nuclear power dependent country, she needs for more economic
nuclear power generation, she is confronting a problem of nuclear waste, and so she needs for
new technology such as fusion, accelerator driven fissile reactor. In the new regime of nuclear
technology, Korea has no patience to wait for a well developed product. So Korean
government supports the budget for long- or mid-term developments of such as liquid metal
reactor, tokamak reactor, nuclear waste management technology, research reactor application,
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radioisotope application, nuclear medical diagnosis/treatment as well as light water and heavy
water reactor fuel and safety.

The need for nuclear data at current stage may be satisfied by introducing well proven
nuclear software tool from the other countries. However, as the design of new application
becomes detailed and diverted from original one, we eventually recognize the need for own
customized and proven tool. Such lesson was learned during the feasibility studies on
extended burnup fuel, erbia and halfnium poison for the light water reactor fuel, and the spent
fuel management. In addition, many other fields of nuclear development are lacking of reliable
nuclear data and experimental facilities for verification. So the needs for nuclear data
applicable to new technologies are in the increasing phase.

On the other view point, the current plan in Korea is to build an infra structure to
collaborate with more developed countries and to fulfill domestic need for some specific data.
This infra structure may include the trained man-power as well as data measurement facility.

IV. Future Plan

A R&D project titled “Development of Nuclear Data System” had been launched this
year, even this year’s activity is a kind of pre-project for the real project. The full scale project
will start at next year. This is a nation-wide long-term, more than 10 years, project. It might
be possible to prospect the future, at least till the end of the first decade of next century, of
Korean nuclear data related activities through this project.

Before to introduce each activity of the project, an overview is presented. While Korea
Atomic Energy Research Institute (KAERI) plays the initiative role, other related organizations
will participate in the project in part. The Pohang Accelerator Laboratory is the major
participant outside KAERI, and laboratories affiliated to universities will join the project. It
was estimated that 170 man-year for the first 10 years from 1997 is necessary inside KAERI.
In the other organizations, they have their own plan on the man-power assignment, so much
more researchers shall join the project. For the same period, about 50 billion Korean Won,
equivalent to about 7 billion Japanese Yen, was requested for the whole project.

It was summarized in the Table what activities have been planned. The goals of each
stage are the establishment of foundation, preparation for self-reliance, and self-reliance,
respectively. Among many activities in the table, construction of experiment facilities is the
foundation itself for both the self-reliance and contribution to the international nuclear data
community. A target room will be constructed at the end of one of the electron beam exits of
LINAC at Pohang Accelerator Lab.  In this facility, measurements for differential quantities
such as energy dependent cross section will be conducted.  For integral measurements,
another facility will be constructed at HANARO. At stage 2, Isotope Separation On Line
facility for nuclear data of fission products has been scheduled at HANARO. A heavy particle
accelerator for medium energy data and DDX measurements has been planned also at stage 2.
Meanwhile, there is a different project on a high energy proton accelerator. If that project
goes on schedule, we would like to add a facility for the data measurement which is necessary
for spallation research. The target of measurement category at stage 1 is the man-power
buildup.  So researchers will join to foreign experiments, and we are now searching for
counter parts. After that, own experiments will be conducted from the relatively easy ones.
In addition to the new man-power buildup, it is pointed out that concentrating or organizing
the existing measurement activities in Korea is equally important. -.Concerning the evaluation,
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the database related activities will be continued throughout all of the stages as an indispensable
part of evaluation. It has been scheduled from the evaluation system setup to the evaluation of
data necessary for advanced researches such as transmutation. Processing technique will be
enhanced throughout the project. Activities in this category will cover the processing for from
Mixed OXide fuel and fast reactor applications at stages | and 2 to fusion and transmutation
applications at stage 3. In addition to the activities above, many other activities have been
planned. These are related to the other projects on such as Boron Neutron Capture Therapy,
crystal structure research with cold neutron, and production of isotopes for Positron Emission
Tomography. Nuclear design and analyses for these are included in the work scope.

All of the detail activities are subjected to change to reflect the results of periodical
review of national nuclear R&D projects. However, the skeleton will be maintained
throughout the period.

V. Concluding Remark

Even the nuclear data field in Korea is in the early stage now, this field will grow up soon
because the Korean nuclear industry asks for that. A big project had been launched as it was
presented in Section IV. This project will provide a firm foundation to Korean nuclear data
researches.  Furthermore it is important to recognize that the nuclear data activities in Korea
will be vigorously continued even after this project. The nuclear-drive policy in Korea
supports this prospect.

However, there are many fields that need international collaboration. Consulting needs
for the design of experiment facilities and for practices in the data measurement and evaluation
are the examples. It seems co-works in the measurement and evaluation are also indispensable.
Such collaborations shall be valuable for both Korea and her counter parts.
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223 Status of Nuclear Data Activities at Karlsruhe

Toshihiko KAWANO
Energy Conversion Engineering, Kyushu Unwversity
6-1 Kasuga-kouen, Kasuga 816, Japan
e-mail: kawano@ence. kyushu-u.ac.jp

This is a brief introduction to nuclear data activity at Karlsruhe Research Cen-
ter. Some URLs concered are given. Topics mentioned here are, the FENDL and
JEF/EFTF project at INR, and measurements of neutron capture cross sections at
IK IIL

1. Introduction
The Karlsruhe Research Center ( Forschungszentrum Karlsruhe, FZK) was called Karlsruhe
Nuclear Research Center (Kernforschungszentrum Karlsruhe, KfK) formerly, and it is one of
the largest non-commercial science and engineering research institutions in Germany nowadays.
The research program is concentrated on,

1. Environment
2. Energy
3. Microsystems engineering; and
4. Fundamental research.
Detailed information about FZK is found at their WWW server:

http://wuw.fzk.de/

2. Institutes

Despite their research is diverted to environment and technology INR (institut fir Neutro-
nenphysik und Reactortechnik) is still active in the field of the nuclear data since they produced
KEDAK (Kerndaten-Datei Karlsruhe). The nuclear data activity in INR is stimulated by fu-
sion reactor research projects and the JEF, EFF, and FENDL projects.

Nuclear data concerning to fusion reactor neutronics have been studied by Dr.Kiefhaber’s
group ( Theoretische Abteilung 3), and recent studies[1] are focused on the fusion blanket engi-
neering. The fusion data library FENDL which gathered the existing nuclear data libraries —
ENDF/B-VI, JENDL, EFF, and BROND —is a referenc'e library for the ITER project, and
FZK coordinates international data test program of the library.

Dr.Fischer and Dr.Wiegner studied the FENDL data testing[2]. Measurements of neutron
leakage spectra from beryllium shells were performed at IPPE, Obninsk. These spectra were
analyzed with the one-dimensional Sy code and the Monte Carlo code, and it was reported at
Gatlinburg conference[3]. '

Dr.Fréhner has responsibility for a data evaluation and a covariance file of J EF/EFF. He
has been developed sophisticated covariance evaluation methodology which is based on “the
Principle of Maximum Entropy[4, 5, 6, 7]”. Uncertainty analysis in the resolved/unresolved
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resonance region appeared at the Gatlinburg conference(8]. High-resolution iron transmission
measurements were made at Geel[9]. It was shown that the fluctuations of the total cross section
can be derived from the Hauser-Feshbach theory, and self-shielding effects are important up to
4 or 5 MeVI[10].

The INR’s Web page is :

http://hbksuni7.fzk.de:8080/INR/
and a few private home pages are shown at :
http://inrrisc6.fzk.de:8080/inrprivate.html

The other activity concerning to the nuclear data is found at IK (Institut fir Kernphysik).
A 3.75 MV Van de Graaf accelerator is used to study stellar nucleosynthesis by Dr.Képpeler’s
group in 1K III - Nuclear Astrophysics, and measurements of neutron capture cross sections
were carried out there[11]. Their Web page is :

http://ik3indigo.fzk.de/
and the abstracts of their recent paper can be obtained from :

http://ik3indigo.fzk.de/papers.html
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2.3 Topics 2: Delayed Neutron

2.3.1 Status of International Benchmark Experiment
for Effective Delayed Neutron Fraction (feff)

S. Okajima, T. Sakurai, T. Mukaiyama
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken 319-11
E-mail:okajima@ fca(01.tokai jaeri.go.jp

To improve the prediction accuracy of the Beff, the program of the international benchmark
experiment (Beta Effect Reactor Experiment for a New International Collaborative Evaluation:
BERNICE) was planned. This program composed of two parts; BERNICE-MASURCA and
BERNICE-FCA. The former one was carried out in the fast critical facility MASURCA of
CEA, FRANCE between 1993 and 1994. The latter one started in the FCA, JAERI in 1995
and still is going. In these benchmark experiments, various experimental techniques have
been applied for in-pile measurements of the Beff. The accuracy of the measurements was
better than 3%.

1. Introduction
The effective delayed neutron fraction, Seff, which allows the conversion between calculated

and measured reactivity values, plays an important role in the theoretical interpretation of
reactivity measurement. In recent systematic analysis for the Beff experiments which were
previously performed in ten different core configurations, the ratio between calculation and
experiment, C/E values, ranged from 0.93 to 1.04®.  From this result the current prediction
accuracy of Peff was estimated to be about 5% (16). This prediction accuracy strongly
affects the uncertainty for the reactivity measurement either in a power reactor or in a critical
facility. '

To improve the prediction accuracy of the Beff, the international benchmark experiments
of the various techniques under the international collaboration have been carried out: the
experiment at MASURCA facility of CEA-Cadarche and that at FCA facility of JAERI-Tokai.
In these experiments six different core configurations were selected taking into consideration
of the systematic change of the nuclide contribution from U-235, U-238 and Pu-239 to the
Beff. The several countries participated in this experimental program. The Peff measurement
was carried out by each participant with their own measurement technique, and the measured
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results were compared with each other. These experiments have been conducted under the
NEA/NSC Working Party on International Evaluation Cooperation (WPEC), Subgroup 1.6
on Delayed Neutron Data Validation.

2. International Peff Benchmark Experiment at MASURCA (BERNICE-MASURCA)®

There were three different core configurations: R2 (U-core), Zona2 (MOX-core) and
Compact (MOX-core). Table 1 shows the main characteristics of these cores. The purpose
of the R2 core was to calibrate and to optimize experimental techniques. Those of others
was to obtain the different contribution to Peff for U-238 and Pu-239. The core was
surrounded by a 50-50 UO,-Na mixture blanket. The thickness of the blanket was 30 cm in
radial direction and 20 ¢m in axial direction. The detail of core configuration was described
in the reference (2).

The experiments in the first two cores, namely R2 and Zona2, were carried out between
April, 1993 and March, 1994. The experiment in the third core, Compact, was postponed.
Five countries participated in these experiments: France (CEA), Ttaly (ENEA), Russia
(IPPE/Obninsk), USA (LANL) and Japan (JAERD) ®.

Prior to the Beff measurement, the CEA, IPPE and JAERI teams measured fission rates of
U-235, U-238 and Pu-239, and corresponding rate ratios in the core center with using their
own absolute fission chambers. The results were compared with each other to reduce the
uncertainty of the fission integral for Beff evaluation, and were found to be in good agreement
within the experimental error of 2% or less. Consequently, the uncertainty of the fission
integral was estimated to be about 2%.

The Peff was measured within the experimental error of ~3%. The experimental results
of Peff by cach participant were shown in Fig. 1.

3. International Beff Benchmark Experiment at FCA (BERNICE-FCA)

As the complementary program to that at MASURCA, JAERI proposed the Beff benchmark
experiments at FCA.

Three different core configurations were selected so that these cores could be complementary
to those of MASURCA: XIX-1 (U-core), XIX-2 (PwNU core) and XIX-3 (Pu core). Figure
2 shows the nuclide contribution to Peff for each core. The systematic change of nuclide
contribution was found. The nuclide contribution to Beff in the XIX-2 core is similar to that
in the MASURCA Zona2 core. The purpose of the XIX-1 core is to compare the experimental
techniques among participating parties through the feff measurement for standard material,
U-235, since the contribution of U-235 in this core is about 95%. The purpose of the XIX-3
core is to evaluate the Peff for Pu-239.

The main characteristics of these cores were shown in Table 2. The core is surrounded by
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ani inner blanket of 30 cm thickness containing a significant amount of depleted uranium-oxide
and sodium, and an outer blanket of 15 cm thickness containing only depleted uranium metal.
The contribution of these blanket regions to Peff was less than 10%.

The following are participating groups; CEA/Cadarche (France), IPPE/Obninsk (Russia),
KAERI (Korea), LANL (U