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This report is the Proceedings of the Specialists' Meeting on the
Nuclear Data for Fusion Neutroniecs. The meeting was held in July 23-25
1985 at Tokai Research Establishment of Japan Atomic Energy Research
Institute, under the participation of twenty-odd specialists who were
the members of Working Group on Nuclear Data for Fusion in Japanese
Nuclear Data Committee and a part of the members of Subcommittee on
Fusion Reactor in Japanese Committee on Reactor Physics. Review papers
were presented for the evaluated data in JENDL-3PRl and -3PR2, the data
needs in the fusion reactor blanket design, the status of experimental
and evaluated data for fusion neutronics, and the analyses of integral
experiments. In a final stage of this meeting, the discussions were
made in three working groups and the recommendations were reported from
these three groups. The outlines of the discussions and the
recomnendations are also included in the Proceedings.

The texts are reproduced directly from the Author's manuscripts

without any editing.
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Scope of the Meeting

S. Igarasi
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

Study of the nuclear data pertaining to the fusion reactors has
grown to be one of the smart and interesting fields. It is due to many
fruits of studies obtained by engineers in the fusion reactor blanket
design, reactor physicists making the computer codes for fusion
neutronics calculations and group cross-section sets, evaluators of the
nuclear data, and experimentalists concerned.

Nuclear data required by the engineers in the fusion reactor design
field are diverse, and the requirements have become severe. To satisfy
them, many measurements and evaluations for the nuclear data have been
performed in the various countries. In Japan, measurements of the
nuclear data have been made at Osaka University, University of Tokyo,
Tohoku University, JAERI, etc. Nuclear data evaluation for JENDL-3 is
now in progress, and is planned to complete by the end of 1986 fiscal
year.

Prior to completion of the JENDL-3, the JENDL-3PRl was tentatively
prepared for analyses of the Japan-US cooperative experiments in
simulated fusion blanket assemblies using the JAERI Fusion Neutronics
Source (FNS). It was used successfully for the analyses mot only of the
integral experiments in JAERI but of the double differemtial neutron
emission cross sections measured in the Universities.

Many reports related to the subject of the fusion neutronics
experiments and analyses have been presented in the various meetings,
such as annual meeting of Atomic Energy Society of Japan. Researchers
used the JEMNDL-3PRl in most cases in their calculations, when they
compared their results with the theoretical calculations. They showed
various questions about the nuclear data, and stimulated the evaluators
to advance their work. Communications between nuclear data suppliers

and users seem to be fairly good in this field.
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Through discussions, however, it was sometimes found that they had
misunderstanding or disagreed with each other about utilization or
process of the nuclear data. There are, in particular, some anxieties
in the connection between evaluated data files and data processing
method for group cross sections, group cross—section sets and transport
calculation codes, etc. These must be solved by spending enough time of
discussions. TFortunately, knowledges of the experimental and evaluated
data, of the merit and defect of the present evaluated data formats, and
of the design calculations of the fusion reactor blanket are so
accumulated recently that they can discuss these matters in detail.
Hence, it is reasonable time to convene such a meeting as it focuses
discussions on the boundaries between different aspects of researches.

This specialists' meeting aims to discuss problems concerning the
nuclear data of the JENDL-3PR1, to make any vague points such as those
in data formats, data utilization procedures, etc. clear, and to make
recommendations for future studies of the related matters. Lectures and
discussions in this meeting will be applied to the JENDL-3.

The meeting consists of lectures and group discussions. The latter
is made in the following three working groups:

(A) Data Request for the JENDL-3,
(B) Problems of JENDL Encountered in the Experimental Analysis, in the

Processing of Group Constants and of the Format Specifications,

(C) Feedback of Information from Neutronics Experiments and Their

Analyses.

The summaries cf the group discussions as well as the lectures are

presented in this Proceedings.
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I. Nuclear Data Evaluation

1. Review on Nuclear Data for Fusion Reactors

Yukinori KANDA
Department of Energy Conversion Engineering
Kyushu University

Kasuga, Fukuoka 816, Japan

Abstruct
Present status of fusion nuclear data is briefly reviewed

taking account of the relation ammong differential experiment,
evaluation, and integral experiment. It is emphasized that
covariances should be introduced to the comparison between
calculations and experiments and that model calculation should
be effectively used in the evaluation of the fusion nuclear
data. Preparation of reference data set is proposed to improve

model calculation for neutronics.
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1. Introduction

Recent development of plasma confinement technique
stimulates experiments and plannings on blankets of fusion
reactors. Neutron nuclear data are essential for these
studies. In a D-T fusion reactor which is a first target
in the program of fusion reactor development. Demand of
tritium breeding from lithium in the blanket is one of the
most marked characteristic of the D-T fusion reactor.
Important data are the cross sections for *Li(n,q) and 7Li
(n,n'a) and for double differential cross sections of struc-
tural materials. The latter are used in calculation of
neutron transport in the blanket.

In these studies, the computer codes developed for
fast reactor calculation are applied to estimate neutron
flux and tritium breeding ratio. However, nuclear data
compiled for the fast reactor studies are insufficient to
divert them to the fusion reactor calculation. Although
typical data to be urgently improved for this application
are ones described in the last paragraph, the elements of
interest in fusion reactor technology are enumerated as

showing in Table 1.
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2. Improvement of Evaluated Nuclear Data

In the program of the fast reactor development, it has
been recognized that the nuclear data are fundamental data
base. For thermal reactors, they do not appear directly in
planning of the system; briefly speaking, the four-factors of
reactor physics are basic data. They are measured in integral
experiments. Table 2 shows relation between the reactors and
the nuclear data.

Nutronic studies for the fusion reactor have followed
the manner of the fast reactor. It is seen in Fig. 1.
Differential experiments and nuclear model calculation are
refered to evaluate the nuclear data which are compiled as
an evaluated nuclear data file such as JENDL or ENDF/B.
Neutronic calculations are compared with integral experiments.
The comparison indicates the poirts to be imprcved. In the
integral experiment for the fusion reactor, relation of both
the results is simple than for the fast breeding reactor,
because fissile and fertile nuclides are not included and a
neutron source is outside of the assembly in the former.

This makes it easy to find how neutron cross sections should
be modified in order to improve thé ratio of calculation to
experiment (C/E) for the integral experiment.

Absence of radionuclides in the integral experiment for
the fusion reactor is favourable for experimenters because of
easy sample handling. This is one of the reasons why the
experiment is actively conducted in Japan. Especially, present
works are concentrated on measurements of Tritium breeding

ratio and neutron spectra in assembers simulating the blanket
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of the fusion reactor. Majar neutron nuclear data in regard
to these subjects are the tritium production cross section of
Li and energy-angle differential neutron emission cross section
(or called double differential cross section, DDX) on, em(E:
E',9) of structural materials. However, there are many kinds
of the neutron cross-section data demended in the design
applications for the fusion reactor. They are presented in
Table 3 cited from Jarvis' report 1). Their data available
at present have not always sufficient accuracy to use in
design of the fusion reactor. Status of tham are summarized
in Table 4 l).

The evaluated data will be gradually improved by these
studies. However, target accuracies for the data should be
considered on the basis of the present method which is per-
formed qualitatively comparing calculations and experiments.
There are three elements, the differential experiment,
evaluation, and integral experiment. Their results must be
consistent. Scince they have proper uncertainties, reasonable
data must be determined by taking account of them. An appli-
cation of covariances in these procedures is an useful way to
solve the problem, although estimation of the covariances for
the data is very hard practically. The covariances for the
evaluated data are given for some neutron data: for example,
those of 15 nuclides are presented in ENDF/B-V.

The evaluated data have been revised refering comparison
between the calculation and the integral experiment; the

result depends on models of the neutronic calculation. In

order to examine validity of the model, the evaluated data
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having small uncertainties should be used in analysis of the
integral experiment. For the purpose, it is intensively
suggested to prepare a reference nuclear data set for a
nuclide which has small variances for every cross section.
Carbon-12 is to be a candidate nuclide for this proposal.
International fusion data meeting was held at Santa Fe
on May 18, 1985. The scientists attending the meeting dis-
cussed and recommended that cooperation <hould be increased
through evaluator-to-evaluator contact. A meeting synopsis
2)

was written by F. M. Mann. One can find the present

activities for the fusion nuclear data in the world in his

report.
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3. Next subjects in fusion nuclear data

As presenting in the last section., there are many kinds
of nuclear data demanded in application to design of the
fusion reactor. Available differential experiments for them
are scarce because of insufficiency of experimental facitilies.
It is the most severe condition to have no intense neutron
source. It can not be expected to be improved the experimental
condition in the near future. Therefore, the evaluation of
the fusion nuclear data should bz conducted using nuclear
model calculation. Fortunately, the computer codes of the
sophisticated model have been developed and also resonable
parameters used in the calculation have been studied. They
can sufficiently compliment the scarcity of the experiment.
Examples are the calculations of neutron induced reaction

cross section for Cu, Ni and Cr by D. M. Hetrick et al. 3)

and of DDX by Y. Kikuchi et al. 4).

Application of the covariances for the nuclear data and
experiment should be promoted in this field to obtain the
efficient nuclear data.

A proposal to evaluate the reference nuclear nuclear

data set is presented in the last paragraph. It will be

valuable to improve the model of the neutronic calcualtion.

The author deeply appreciate the menbers of the fuasion
nuclear data working group in Japan Nuclear Data Committee

for their discussion.
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Table 1 A list of the elements of interest in fusion reaction technology.

T Breeder

Neutron Multiplier

Coolant

Structural Material

Reflector

Shielding Material

Magnet

Fission-Fusion Hybrid

6 7

Lil
Be, Mo, Pb

He, 1.i, F, Be, Na, Pb

Nb, Mo, V, Fe, Ni, Cr,
Si, C, Ti, Zr

C, Fe, Ni, Cr, Be, Al,

H, 0, 10

B, Ca, Pb, Fe,
All CUI Nbl Til Snl vl

Th, U, Pu

Li, *°8, B, 3He, °Be

Al, Ta,

C, Ta, W

Ga

320-98 W-1¥3V[
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Table 2

Correlation of nuclear data and experiments for types of reactors.

Differential Integral
. ] c R
Reactor Experiment Evaluation Experiment TOss Section
Thermal Reactor Thermal neutron, World Value 4-factors (n,f),

Fast Breeding

Reactor

Fusion Reactor

Resonance region

Many nuclides,
Wide range of En,
Extreme expectation

(early stage)

Can be expected
more measurements?

Hard experiments.

at 0.025 eV

Many studies,
Discrepancy of
experimental data,
LCifficalty of

experiment

Extrapolation of

works.

Utilization of
14 MeV neutron as
an intense source,

Reaction rate

14 MeV neutron
itself,
Tritium breeding

ratio

Resonance integral

(n,£), (n,7),
Scattering

T- production,
Anisotropy,

Gas production,
vy production,

Activation

620-98 W-14dV(
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D
Table 3 Neutron cross-section data for CTR design applications,
TRANSPORT
TRITIUM
Z
Reaction Cross-Section Formulation (= O % u §, 5 2|z
EB |E {&E2+| 28l &
=12 w W<z =o€
=) S = g m njad = I
o= 2 =< o FH=| W
Zm o o | Oz| &
oz E| o <| Fn| a
Total %, T(E) " /v v
Absorption %n,A(E) v/
Differential elastic on,n(E;9) A AT AN v
Total elastic n,n(E)
« T O
Energy-angle diff. inel. On,n'(Etgl’ ) |V arams v
Energy diff. inel. %n,n' (Efo ) v
Angular diff. inel. n,n'(E: )
Total inelastic 3) on,n (E) Y Y
Capture on,y(E) AR AR AT AN
Photon prod. in inel. scatt. 1 gn,n'ggng)o ) AT
Energy-angle diff. photon prod Yoem' Y5Oy v v/
Energy diff. Photon prod. ?Y,em(E{FE) 4 )
Total photon prod. R cY,em_(t’ y)dEy ’
Photon prod. in reactions cn;X[E’EY. Y v
cn,n‘x(E;Ey) \/ v \/
13 (n,a)T, "Li(n,n'a)T
Energy-angle diff. neutren cn,em(E;E"ej Y v
emission
Energy-angle diff. neutron prod. O, 2n (E;E',0) " " v
(n,2n) %n,2n E Y YV (
(n,3n) (heavy elements) Un,3n( ) 4 AT
Charged particle emitting 90, x(B) I Y
reactions
Energy-angle charged particlez) 0n,x(E’EX’O) VY
Neutron and charge%)particle n,n'x (E) v Yy LY Y v
emitting reactions .
Energy-angle n + chgd. particlez) %, n'x (E3En,0) Jv
Fission oy, £(E) v v vy
Note: 1, The emission cross-sections are not reaction-type specific

2. x =p,d,t,o or 3He
3. Isomeric states only

—-12—
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1
Table 4 Materials versus Transport Calculation Data Needs and Status.
SE' :E E;E

On,T(E) On,em(E’E ,0) °n,2n(E) on’Y(E, ¥) oY’em( JEY)
H S, S S.
D S. U S
T u. U
He S. S.
L1 S. u.
L3 S. S. S.
Be S. c U S.
Log s U. A
l1g s U. A
o S S. S
N S ) S. S.
0 S S. U
F S. u. S. S
Na S u. S. S
Al S. S u. S
Si S. S S
X S. U S. U
Ca S. U S
i S. A u. S.
\ S. U U. S.
Cr U. U u. S.
Mn S. U S. S.
Fe S. U S. S.
Ni S. U U. S.
Cu S. S S. S.
ir S. u. S. u.
Nb S. S. S. S. S.
Mo A. u. u. S. S.
Sn S. u. U. S.
Ta S. u. u. S. U.
w A, u. u. S. S.
Pb S. U. u. S.
Bi S. u. u. u.
2327y, S. u. u. S.
238y S. u. A. S.
Legend: Blank - no data needed

S - present data appears satisfactory

A - acceptable data anticipated soon

U - uncertain; data inadequate, no work known in progress
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2. Status of JENDL-3PR! and 3PR2
Tetsuo ASAMI

Nuclear Data Center
Japan Atomic Energy Research Institute

Abstract
The compilation of JENDL-3PR1 and -3PR2 was made urgently to use
their evaluated data for analyses of integral experiments for fusion
neutronics. These files include the evaluated data for eight nuclides
important for fusion neutronics, i.e., 6Li, 7Li, 9Be, IZC, l60, Cr, Fe
and Ni. The data for these nuclides except for 160 were obtained by
revising the JENDL-2 ones temporarily, and the 16O data were evaluated

newly. The outline and special features of these evaluated data are

described briefly.

1. Introduction

1-2) was completed in April 1983. From

The compilation of JENDL-2
the benchmark tests and several analyses, the JENDL-2 data have been
confirmed to be applicable to calculations for cores and shieldings of
fission rﬁactorsa). For the use in fusion research, however, it was
pointed out that some data in JENDL-2 were generally not so good in the
neutron energies higher than 5 MeV. 1In particular, the double
differential cross section (DDX) deduced from the JENDL-2 data were
insufficient for requirements from fields of fusion neutronics. 1In
addition, JENDL-2 did not include the data of some nuclides which are

important for fusion researches. In order to response an urgent

requests from the fusion neutronics group in JAERI, we decided to
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evaluate early for some nuclides important for fusion neutronics before
the compilation of JENDL-3.

The evaluated data for eight nuclides (6Li, 7Li, 9Be, 12C, 160, Cr,
Fe and Ni) were compiled in the end of 1983. This temporary file is
called JENDL-3PRl (JENDL-3 Preliminary Version 1). The data for 6Li,
7Li, 9Be and 12C were reevaluated wholly aside of JENDL-2. The 16O data
were newly evaluated for this file. The some data for Cr, Fe and Ni
were revised. Moreover, a part of the data for 6Li, 7Li and 120 were
revised based on recent experimental data. These data are referred as
JENDL-3PR2. Table 1 lists the nuclides of which data are stored in
JENDL-3PR1l and 3PR2, and their evaluators. The status of the evaluated
data included in these JENDL-3PRl and -3PR2 is described briefly except
for 6Li and 7Li. The description for the latter two nuclides will be
given by S. Chiba in this meeting later,

Table 2 through 7 show the changes of the contents for the

evaluated data from JENDL-2 to JENDL~3PR1 and -3PR2 for 9Be through Ni,

respectively, using the definition of the ENDF/B format.

2. Evaluated data for 9Be
Since the 9Be data7) in JENDL-2 were estimated mainly from

experimental data, some important data of which experimental ones did
not exist and scarce, for example the evaluated data for the inelastic
scattering, were not given in the file. The data of 9Be in JENDL-3PRI1,
as shown in Table 2, were reevaluated by Shibataa). The inelastic
scattering cross sections and its angular distributons were estimated
with the statistical model code CASTHY. The cross-section data for the
(n,p), (n,d), (n,t) and (n,ao) reactions were sharply modified based on

the recent meaurements. The evaluated data of the photon production

were also given.

—-16 —
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The DDX data deduced from the evaluated data of 9Be in JENDL-3PR1
were compared with the experimental omes at OKTAVIAN in Osaka
. .. 9) . . .. 10) . .
University and with that of Tohoku University , as shown in Figs. 1
and 2, respectively. Generally the 9Be data in JENDL-3PR1 reproduce the
measured spectra in the lower energy regior of secondary neutrons.

3. Evaluated datz for 12C

1)

The whole reevaluation of the 12C data was made by Shibata1 for
JENDL-3PR1, since the inelastic scattering data of 12C in JENDL—ZlZ)
were insufficient for applications to fusion neutronics. Generally the
data evaluation was made mainly based on the experimental data asking
for help of theoretical estimations. The data for inelastic scattering
leading to three discrete levels of 4.44, 7.65 and 9.63 MeV were
estimated from the experimental ones. The total cross section in the
range of 10 eV to 4.8 MeV and the angular distributions for elastic
scattering were obtained based on the R-matrix theory using the RESCAL
code. The angular distributions for inelastic scattering with the
excitations of the 2nd and 3rd levels were obtained from the
calculations with DWBA.

In order to fit further to the measured data of Osaka Universitle),
inelastic scattering with the excitation of the 3rd level (9.63 MeV)
were revised, and the elastic scattering cross sections were modified to
keep the evaluated total cross sections constant. The angular
distributions for inelastic scattering leading to the 2nd and 3rd levels
9,13).

were also revised based on the measured data of Osaka University

These data were compiled in JENDL-3PR2,
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4. Evaluated data for 160

The 16O data in JENDL-3PRl were newly evaluated by JNDC Working
Group on Nuclear Data for Fusion. The total and elastic scattering
cross sections below 3 MeV were evaluated with R-matrix theory using
RESCAL code. Above 3 MeV, the total cross section was estimated from
the experimental data. The inelastic scattering cross sections exciting
the discrete levels and their angular distributions were calculated with
the statistical model code CASTHY. Only for the 2nd level the angular
distribution was estimated with the coupled-channel calculation. The
(n,p), (n,d) and (n,a) reaction cross sections were estimated based on
the experimental data. The capture cross section was assumed to follow
a l/v law.

The evaluation of the photon production data are now in progress
and the angular distributions for inelastic scattering with the

excitation of the discrete levels are going to revise referring to

recent measured data.

5. Evaluated data for Cr,Fe and Ni

As described above the high-energy data of the inelastic scattering
cross sections of ¢r, Fe and Ni in JENDL-2 were insufficient, in
particular for the applications to fusion researches, because of the
ignorance of the direct process. Therefore, the inelastic scattering
data above about 5 MeV were revised and some related ones were changed
somewhat. The data modifications were made in about the same way among
these nuclideslh). For urgent and temporary modifications, this
processes were done for their principal isotopes, namely 52Cr(83.79%),
58

56Fe(91.7%) and Ni(67.76%), and the figures in the above parentheses

denote their abundances in the elements. These isotopic data were used
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as their elemental ones. The direct process in inelastic scattering was
estimated from the calculation with a coupled-channel optical model
using the ECIS code. The pre-compound effect for a whole of the
discrete levels was estimated using the GNASH code and its rontribution
for each level was shared equally. The double differential neutron
emission cross sections reproduced from these revised data were compared
with the data measured at OKTAVIAN in Osaka University, as shown in
Figs. 3, 4, and 5 for Cr, Fe and Ni, respectively. In general, the data
in JENDL-3PR1 were fairly improved comparing with that in JENDL-2. The
Cr data of JENDL-3PRl are also fairly good compared with the ENDF/B-IV
data. The Ni data in JENDL-3PRl are somewhat good than that of
ENDF/B-IV. The Fe data have a nearly same trend between JENDL~3PR1 and
ENDF/B-IV. Tor Cr, Fe and Ni for JENDL-3, the more detailed evaluations

are now in progress.

6. Conclusions

The status of the evaluated data in JENDL-3PR1 and -3PR2 was
described above. The special features of these data are summarized
briefly as follows:

1) Rivised the data for high-energy neutrons whose leading parts are
14-MeV neutrons.

2) Evaluated the nuclear data for light nuclides in detail.

3) Taking account of the double differential cross sections (DDX) for
neutron emission, in the data evaluation.

The data evaluations for JENDL-3 are now going on mainly in JNDC
Working Groups aiming at the accomplishment in March 1987. Before the
compilation of JENDL-3, some modifications will be also given for the

data in JENDL-3PRl and -3PR2. 1In JENDL-3, the data for photon
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production will be newly given for some important nuclides, and DDX data
also will be examined in detail to give a good fitting to experimental

data.

References

1) Nakagawa,T.(ed.): Summary of JENDL-2 General Purpose File, JAERI-M
84-103(1984).

2) Asami,T. and Narita,T.(ed.): Graphs of Evaluated Neutron Cross
Sections in JENDL-2, JAERI-M 84-052(1984).

3) Tor example:

Kikuchi,Y., Narita,T. and Takano,H.: Nucl. Sci. Tech. 17, 567
(1980); Kawai,M., Yamano,N., Hashikura,H., Minami,K., Sasaki,K.,
Mandai,S. and Kikuchi,Y.: Proc. 6th Intern. Conf. Radiation
Shielding, Tokyo, 1983, Vol.l, p.428 (1983).

4) Shibata,K.: Evaluation of Neutron Nuclear Data of 6L1' for JENDL-3,
JAERI-M 84-198 (1984).

5) Shibata,K.: Evaluation of Neutron Nuclear Data of 7Li for JENDL-~3,
JAERI-M 84-204 (1984).

6) Chiba,S. et al.: Interaction of Fast Neutrons with 6’7Li, presented
at Intern. Conf. Nuclear Data for Basic and Applied Science, Santa
Fe, May 1985.

7) Shibata,K. and Icki,K.: Neutron Nuclear Data of 9Be Adopted in
JENDL-2, JAERI-M 84-226 (1984).

8) Shibata,K.: Evaluation of Neutron Nuclear Data of 9Be for JENDL-3,
JAERI-M 84-226 (1984).

9) Takahashi,A. et al.: Proc. of Intern. Conf. on Nuclear Data for

Science and Technology, Antweerp 1982, 360 (1983).



10)

11)

12)

13)

14)

JAERI-M 86-029

Baba,M. et al.: Proc. of Intern. Conf. on Neutron Physics and
Nuclear Data for Reactors and Other Applied Purposes, Harwell 1978,
198 (1979).

Shibata,K.: private communication (1985).

Shibata,K.: Evaluation of Neutron Nuclear Data for 12C, JAERI-M
83-221 (1983).

Ono,M. et al.: private communication (1984).

Kikuchi,Y., Shibata,K., Asami,T., Sugi,T. and Yamakoshi,H.: J. Nucl.

Sci. Tech. 22, 499(1985).



JAERI-M 86-029

Table 1 The nuclides instored in JENDL-3PR1 and 3PR2

and the data evaluators.

JENDL-3PR1 -3PR2
(July 1984) (March 1985)
(SN 6 . .

Li Reevaluated by Li Revised by
L K. Shibata™®*>’ L S. Chiba®
9

Be Reevaluated by

K. Shibata’’
12 12 !
C Reevaluated by C Revised by
K. Shibatalz) K. Shibatall)
16
0 Newly Evaluated by
JNDC WG on Nuclear
Data For Fusion

Cr Revised by
Fe Y. Kikuchi et al.lA)

Ni
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Table 2 The contents of the 9Be evaluated data for JENDL-2,
JENDL-3PR]1 and -3PR2 in the ENDF/B definitions.

9Be
JENDL-2 JENDL-3PR1 & -3PR2
MF MT MF MT
3 1 31
2 2
16 4
102 6-9
103 16
104 24
105 46-49
107 51
52
102
103
104
105
107
740(n,t0)
741(n,t1)
b2 42
16 6-9
16
2&
46-49
51
52
5 16 5 16
24
46-49
12 102
741
14102
741

The underlines show some change or addition in the evaluated

data in the course from JENDL-2 to JENDL-3PRI.
—93—
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Table 3 The contents of the 12C evaluated data for JENDL-2,
JENDL-3PR1 and -3PR2 in the ENDF/B definitions.

12,
JENDL-2 JENDL-3PR1 JENDL-3PR2
MF MT MF MT MF MT

3 1 3 1 3* 1
2 2 2*

4 3 3*

51 T4 4x

91 51(4.44) 51

102 52(7.65) 52

107 53(9.63) 53%

21 91

102 102

103 103

104 104

107 107

& 2 & 2 4% 2
51 2L 51

91 22 52*

23 23*

E2Y a1*

5 91 5z 91 5 91
12 3L 1z E1Y

102 102

14 21 14 21

1oz 102

The underlines show some change or addition in the evaluated data
in the course from JENDL-2 to JENDL-3PRl. The asterisks show further

modifications.
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Table 4 The contents of the 160 evaluated data for

JENDL~3PR]l in the ENDF/B definitioms.

160
JENDL~3PR1 & —-3PR2
MF

3

JENDL-2

none
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Table 5 The contents of the Cr evaluated data for JENDL-2,
JENDL-3PR1 and -3PR2 in the ENDF/B definitions.

Cr
JENDL-2 JENDL-3PR1 & -3PR2
MF MT MF MT
3 1 3 1
2 2
4 4
16 16
28 28
51-90 51-90
91 91
102 102
103 103
107 107
4 2 & 2
16 16
28 28
51-90 51-90
91 91
5 16 5 16
28 28
91 91

The underlines show some modification in the evaluated data

in the course from JENDL-2 to JENDL-3PRl.
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Table 6 The contents of the Fe evaluated data for JENDL-2,
JENDL-3PR1 and -3PR2 in the ENDF/B definitioms.

Fe
JENDL-2 JENDL~3PRl & —3PR2
MF MT MF MT
3 i 3z 1
2 2
4 4
16 16
51-83 28
91 51-83
102 91
103 102
107 103
107
‘2 42
16 16
51-83 51-83
91 91
5 16 5 16
91 28
91

The underlines show some modification in the evaluated data

in the course from JENDL-2 to JENDL-3PRI.
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Table 7 The contents of the Ni evaluated data for JENDL-2,
JENDL-3PR1 and -3PR2 in the ENDF/B definitionms.

Ni
JENDL-2 JENDL-3PR1l & —3PR2
MF MT MF MT
3 1 3 1
2 2
4 4
16 16
17 17
22 22
28 28
51-90 51-90
91 9L
102 102
103 103
107 107
4 2 4 2
16 16
17 17
22 22
28 28
51-90 51-90
91 91
5 16 5 16
17 17
22 22
28 28
91 91

The underlines show some modification in the evaluated data

in the course from JENDL~2 to JENDL-3PR1.
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3. Revision of the Neutron Nuclear Data of Lithium

Satoshi Chiba
Japan Atomic Energy Research Institute

Abstract
Neutron nuclear data of OLi and 'Li stored in JENDL-3PR1 were
revised, mainly on the basis of the double differential cross sections
measured at Osaka and Tohoku Universities. Results of the analyses of
some integral experiments were also taken into consideration. The pre-
sent revision was restricted to the neutron emitting reactions. The

revised data reproduce well the measured double differential cross sec-

tions.

1. Introduction
Since the evaluation for JENDL-3PR!, the first preliminary version
of JENDL-3, was finished, many differential and integral neutron experi-
ments have been done so far and JENDL-3PR1 has been compared with them.
There are many evidences that the data in JENDL-3PR! are superior to the
JENDL-2 data. With regard to the data of lithium+®, however, several
problems were pointed outs 4 -5 :

1> Some higher levels not considered in the JENDL-3PR! evaluation
should be treated as discrete levels.

2+ The elastic scattering cross section of 'Li is overestimated as
much as 10% at high energies.

3: The energy distributions of the continuum neutrons emitted from the
fLi‘n.n'd)a. ‘Li¢n,n"t)r and ®7Li(n.2n) reactions are not appropri-
ate.

4" The cross section of the SLi(n,2n) reaction is also overestimated.

These suggestions should be highly reliable. because they were
commonly made from both of the differential and integral experiments.
Therefore we decidec to revise the data of Li and "Li. The revisic was
mainly based on the double differential cross sections DDX' measured at
Osaka" and Tohoku' Universities.

This paper describes the procedure and the results of the revision

work for both nuclei. The evaluated data were compiled in the ENDF B-V

format.
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2. Elastic and Inelastic Scattering to Discrete Levels

For each nucleus, two discrete levels ( 4.31 and 5.71 MeV for °©Li,
and 6.68 and 7.487 MeV for 7Li) were newly considered. The excitation
functions and angular distributions of neutrons for these levels were
calculated with the coupled-channel model, except the 7.467-MeV level of
"Li. The coupling schemes and the optical potential parameters of Chiba
et al.” were used in this caleulation. The parameters are listed in
Table 1.

The calculated excitation functions of the newly considered levels
were normalized to the experimental data!’-®. The 7.467-MeV level of "Li
was assumed to have the same excitation function as that of the 6.68-MeV
level.

The angular distribution for the 5.71-MeV level of ®Li was assumed
to be isotropic in the center-of-mass system.

For the first (0.478 MeV) level of 7Li, the angular distributions
were calculated with the R-matrix theory adopting the parameters of Knox
and Lane® below 10 MeV. Above 10 MeV, the coupled-channel calculation
was performed. For the second (4.63 MeV) level, the R-matrix calculation
vas used below 8 MeV. The experimental data of Hogue et al.®  were
adopted in the energy range between 8 and 14 MeV. Above 14 MeV, the
coupled-channel calculation was adopted. The angular distribution for
the 7.4687-MeV level was assumed to be isotropic in the center-of-mass
system.

The angular distributions of the elastically scattered neutrons
were also replaced with the calculated values above 14 MeV.

The elastic scattering cross section of "Li was reduced by 5% at 14
MeV. This reduction caused decrement of the total cross section by 3.5%
at this energy.

The angular distributions of the elastically and inelastically
scattered neutrons from 'Li around 14 MeV were displayed in Figs. 1 and

2. Fig. 3 shows the total cross section of ‘Li between 10 and 20 MeV.

3. Lin.nd Y« and Li(n.n t)a reactions
In the evaluation for JENDL-3PR1. the cross sections of the newly
considered discrcte levels were included in those for the °Liin.n'd3

and ‘Li‘n.n't)a reactions. Therefore the cross sections for the

—33—
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“Litn.n'dx and 'Li n.n't n reactions were reduced by the contributinne
of the newly added levels.
The energy-angle distributions of the continuum neitrons were eval

vated with the model of Holland et al.~V':

dcr{:jo « C-p 1)
o R <+ N (o
expiz-y . - 1 @

. - /_.f:/‘ie‘ 3,

p = Eifn. EF 4

where E is the energy of the secondary neutrons in the center-of-mass
system and E,.,. is its kinematically allowed maximum value. Subscript 2
means d for ®Li and t for 7Li, and 3 means «a. vo3 1is the relative velo-
clty of particles 2 and 3 in the final state. p stands for the three
body phase space distribution adopted in JENDL-3PR!I. Eq. (1) gives a
spectrum softer than p.

In the present evaluation, pseudo levels were used to express Eq.
{1). The excitation energies of the pseudo levels were given by 0.5 MeV
intervals. Cross section for each level could be calculated by integrat-
ing Eq. (1) in corresponding energy interval, because E is directly
related to the excitation energy. Sum of the cross sections of these
levels were normalized to the “Litn.n"d)a and "Li(n.n"t)x reaction cross
sections.

For the angular distributions of the pseudo levels of 7Li. that of
the continuum neutrons measured by Chiba et al.*' were given. For OLi.

they were treated as isotropic in the center-of-mass system.

4. The (n.2n) Reactions
The energy distributions of the secondary neutrons from the
©7L{.n.2n+ reactions were evaluated by the conventional evaporation
model. For the evaporation temperatures, the data of Chiba et al . * were
adopted. The angular distributions of neutrons emitted from these reac-

tions were also replaced by the data i1n Ref. 4. In addition to these
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modifications, the BLi’.n.2n) reaction cross section was reduced by 20%
in the whole energy range so as to reproduce the experimental

data® 2.2 Fig. 4 shows the Li(n.2n) reaction cross section.

5. Double Differential Cross Sections (DDX)

In Figs. 5 to 7, the DDX reproduced from the present evaluation are
compared with those from JENDL-3PR1. ENDF/B and the experimental
data* -8 The lines representing the evaluated data were calculated from
the data 1in the MT numbers of 3, 4 and 5. As seen, the present evalua-
tion reproduces the measured data very well. In the present evaluation.
the energy-angle correlation of the continuum neutrons was easily taken

into account. because of introduction of pseudo levels.

6. Concluding Remarks

The neutron nuclear data of Li and "Li stored in JENDL-3PR1 have
been revised. The revision was restricted to the neutron emitting reac-
tions. The present work has been performed taking account of the meas-
urements of the differential and integral data available at March, 1985.

With regard to discrete levels, the results of the R-matrix and
coupled-channel calculations were utilized. Consideration of the two
higher levels for both nuclei remarkably improved the evaluated data.

Concerning the continuum neutrons, cross sections and energy-angle
distributions of the secondary neutrons were expressed by the pseudo-
levels spaced by 0.5 MeV interval.

The energy distributions of the 7Li(n.2n) reactions were eval-
uated with the conventional evaporation model. The cross section for the
6Li(n.2n) reaction was reduced by 20% in the whole energy range.

The elastic scattering cross section of 7Li was reduced by 5% at 14
MeV. This reduction caused decrement of the total cross section by 3.5%
at 14 MeV. This total cross section might be underestimated, as seen in

Fig. 3. This problem is left for future work.
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TABLE 1 Optical potential and deformation parameters
v{(MeV) r(fm) a(fm) WB(HeV) ri(fm) ai(fm) Bz
SL1 45.08 1.188 0.5734 0.4432E-1.163 1.611 0.2674 1.1395
L1 49.62-0.3622E 1.280 0.6198 1.8797E-13.24  1.338 _ 0.1039 0.9521

E=Incident neutron energy in the laboratory system (MeV)

V_=5.5 MeV, r =1.15 fm, a_ =0.5 fm
50 80 so
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4. On the Format of JENDL

Tsuneo Nakagawa
Japan Atomic Energy Research Institute

Tokai-mura. Naka-gun, Ibaraki ken

The ENDF,B format is adopted for JENDL. In this paper. the basic
things of the ENDF,B format are explained and differences among recent

versions of the ENDF/B format are summarized.

1. Introduction

After evaluation, the evaluated nuclear data must be compiled in a
suitable format so as to be used with various computer programs in
their application fields. Among several formats developed so far, the
ENDE, B format is most commonly used for many evaluated nuclear data
libraries and many processing programs have been made. Japanese Eval
vated Nuclear Data Library, JENDL, is also compiled by adopting the
ENDF, B format. This format has several versions. The ENDF,B- IV format
was adopted for JENDL-1 and JENDL-2. JENDL-3PR! and JENDL-3PR2 were
compiled in the ENDF/B-V format.

Since the purpose of this summary was to give fundamental knowl-
edge on the format of JENDL to the attendance of this specialists’
meeting. basic things of the ENDF/B format were explained by referring
to Ref. 1.

2. Basic Formats

In the ENDF-B format, both of card-image and binary formats are
defined. However the card-image format is more often used than the
binary one. Each record of the card-image format consists of 80
columns. In the columns from 67 to 75, three identification numbers are

stored as follows:

Columns 67 - 70. MAT (I4) = an identification number of material.
For final data of each version of JENDL, MAT numbers were deter-
mined as VZZY. V stands for a version of JENDL. e.g. V=2 for
JENDL-2. ZZ is an atomic number. Y is an isotopic order in the
same atomic number. In the case of natural element, Y is zero. For
example. the data of 6Li and “Li are stored in JENDL-2. Therefore
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the MAT numbers of 203! and 2032 were assigned to ®Li and “Li.
respectively. In the case of preliminary data like those in JENDL
3PR1 or JEMDL, 3PR2. MAT numbers are simply given as {atomic number
~ 100 + last two digits of mass numbor .
Columns 71 T2, M 12, - an intecger to classify evaluated data into
several ‘files .
Table 1 glves meaning of MF numbers to be used for JENDL-3. In the
case of JFNDI. 1 and JENDL -2. MF numbers from | to 5 were used.
because fission yield data could be stored into MF 1 of the
ENDF B IV format. In JENDL-3. higher M numbers will be used for
storing encrgy angular distributions. gamma ray production data
and covariance matrices of cross section data.
Columns 73 1., M I3 a type of reaction.
Froquently used MT numbers for JENDL. are lislod in Table 2.

From 76Lh column to the last. sequential nunbers of records for
each material arc stored. Columns from 1 to 66 are divided into six
fields. An cxample of data in the ENDF.B formal 1s shown in Fig. 1. The
smallest group of data has the same MAT, MF and MT numbers and it is
called ‘section’. A record with MT 0 always follows each section. and
it is called "SIND record’. The last record of data with the same MF
numbers is 'FEND record” with MF=0 and MT 0. The data for each material
is ended by 'MEND record’ with MAT-O, MF.0 and MT O.

The ENDF B format is constructed from the following basic formats.

13 CONT record

This is a record with two floating numbers and four integers and
is written as follows in this paper.

CONT -~ Cl, C2. L1, L2, N1. N2
MAT, ME and MT numbers are not explicitly written in this manner. The
first record of each section has the same structure as CONT record, and
is called HEAD record.

HEAD ~ ZA. AWR. L1, L2, NL, N2

ZA = atomic number x 1000.0 + mass number

AWR - weight of material in the ratio to the neutron mass

2) LIST record
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Stored in this record is a string of floating numbers such as
coefficients of Legendre polynomial expansion.
LIST 7 Ct, C2, L1, L2, NP, N2
®.I', I-1,NP)

NP . number of parameters

3) TAB! record
One dimensional functions such as cross seclion data are stored in
this record.
TABL 7 C1, C2. L1, L2, NR, NP
(NBT .1 : INT:I},I:-1.NR:
(X.I:.Y.IY,I:1.NP}
NR  number of interpolation ranges
NP number of data points
NP data points given in the TABl record and intcrpolation scheme speci
fied in 'NBT'1-, INT«I}. I=1.NR, represent one dimensional function.
Shape of the curve is obtained by method of interpolation defined in
the ENDF B format is so called ‘“section paper interpolation’. The data
users have to pay attention to the interpolation schemes because the

shape of the curve is very dependent on them.

4) TAB2 record
Two- dimensional functions, y{x.z), are represented with TAB2
records.
TAB2 - C1. C2. LI, 2. NR, NZ
(NBT:1..INT(I),I=1,NR;
NR = number of interpolation ranges
NZ - number of values of secondary variable z
This TAB2 record is followed by NZ times of TABl1 or LIST records which

N\

represent yx.z; ', y(X,2 ), and so on.

3. Format of each MF
Evaluated data are represented with combinations of the above

mentioned basic formats. Some examples are given below.

3.1 MF=1, MT-451 (Descriptive Information}
This section must be the first one of data for each material.

Descriptive information and some important characteristics of the
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material are given as follows in the ENDF B V format.
HEAD / ZA , AWR , LRP , LFI , NLIB, NMOD
CONT / ELIS. STA , LIS . LISO, 0. 0
CONT ~ 0.0 . 0.0 . 0. 0. NWD , NXC
- NWD records of descriptive information
CONT . 0.0 . 0.0 . MF . M , NC . NMOD
trepcated NXC times as index of stored data:
LRP - flag for resonance parametcrs
LFI flag for fissionable material
NMOD modification number
ELIS excitation encrgy of targcet material
STA {lag for stability of material
LIS state number of target matcrial
LISO isomeric state number
In the casc where some part of data is modificed, NMOD's of HEAD
record and corresponding index record ‘CONT record arc increased by 1.
The uscr should refer to the data with their MAT number and NMOD.

3.2 MF 2 tResonance Paramcters)

Resolved and unresolved rcsonance parameters are stored in the
MT-151. In the evaluation for JENDL. the multi level Breit-Wigner
{MLBW : formula is very frequently used. However. the value of total
spin J vas assumed sometimes to be the same as the target spin in the
case where J was unknown. For such cases. the use of RESENDD™ is
strongly recommended for reconstruction of pointwise cross sections.
This problem will be solved in JENDL-3 by assuming physically correct J

values to all resonances.

3.3 MF=3 Cross Sections}
Cross sections. o:E;, are represented in the following very simple
format.
HEAD - ZA . AWR . LIS ., LFS , 0, 0
T™BlL S .Q ,LT ,LR ,NR ,NP
:NBT:I, INTI*, I-1.NR:
(BT, o:E{Iy). I=1.NP,
LIS LFS - initialfinal state numbers
S = temperature or break--up energy

Q = reaction Q value
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LR - emitted particles after the n.n': reaction.

In this format. a LR flag is important for light nuclides. Exam
ples of LR flags are given in Table 3. By using MT numbers and LR
flags, break up recactions are represcented. for exauple. as follovs,

Li 6 n.ny L1 6 dn MT 51 IR 32
LT 7.non, L1 7Titn MT 91 LR 33
B 10 n.ny> B 10.d20n> MI 62 LR 3%

In Lhe case where resonance paramcters arce given in ME 2. back
ground cross scotions arc given in the resonance encrgy region for the
tolal. elaslic scattering. fission and caplure cross sections. Aclual
cross seclions arc sum of pointwise cross scclions calculated from the
resonance paramcleors and Lhose in ME 3. IC the data are also given for
the nonclustic scattering. n.f .. absorplion and or neulron disappear
ance cross sceelions. Lhey must be also modified by resonance cross

sections.

3.4 M" 4 Anpular Distributions of Secondary Neutrons
Angalar distributions are always given as the following normalized

function.

i
f popdT 1.
1

do Q.1 ok
2 2-
Two ways of represcntation of p p.K; exist by specifying the flag LTT.

UM TN OES

If LTT 1. p p.l' 1s expanded into the Legendre polynomials.
AL
S 12lik e pep
Pk 5 ‘}:; s> E Py
The coefficienls. f;!k:. are stored in LIST records. If LTT-2. p p.K,

are represented with TAB1 records.

3.5 MF 5 Encrgy Distributions of Secondary Nciilrons
Energy distributions are also given as the following normalized

function.

£
j. SR DN DR /DR T
(1

By using this function, actuwal energy distribulions are calculated as

follows:
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do(k I
dr

where multiplicity m is implictly given. cross scction o F is given in

= wmo KopE-ET

MF-3 and the normalized distribution p £ -£° in M- b, Five kinds of

spectrum can be used depending on the control flas of [},

LF - 1 Tabulated fuctions
LF = 5 General evaporatica
k- 7 Fission spectrum

LF - 8 Evaporation spectrum

LF 11 Energy dependent Watt spoclrum
In the ENDF B IV format. LF 10 fenergy indvjpxnd nt Watt speclrum. is
defined in the place of LF 11. For JENDL. Lt's 7 and 9 arc most fre

quently used.

3.6 M 6 Encrgy Angular Distributions of Secondary Neolrons
Energy angular distributions. so called double differential cross
sections DDX . are also given as a normalized funclion. pf K op

DDX are written as follows by using the normalized funclion.

da i -7 . o Kf R I
T gy PR

It is also possible to give them in the form of Legendre expansion.

AL 3
pE ) BE e e
L=y

In both cases, angles must be given in the laboratory system.

This MF is not often used in JENDL. 1ln the case of JENDL 2. only
the data of D has DDX.

4. Differences among Recent Versions of ENDIF B Format
The formats are different more or less among versions of the
ENDF, B format. For example., the format of MF 1. MT 45! is as follows in
the ENDF B-IV format.
HEAD ZA . AWR . LRP . LFT . 0. NXC
CONT 0.0 .0.0,1lDD.LFP.ND. O
-~ - NWD records of descriptive information
CONT 0.0 .00, M ,MI .NC . O
‘repeated NXC times)
DD - flag for decay data
[FP - flag for fission product yield data
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This format 1s different from the ENDF, B V format described in Section
3.1. In the FNDi’ B VI format™ . further improvement will be made as
follows.
HEAD  ZA . AWR . LRP . LFI , NLIB. NMOD
CONT  ElIS. STA . LIS . LISO, 0, NFOR
CONT  AWRI. 0.0 . 0. 0. NSUB, NVER
CONT  TIrM>. 0.0 . LDRV. 0. NWD , NXC
NWD records of descriptive information -
T 0.0.0.0. M . MI ., NC . NMOD
{repeated NXC times
NFOR  format. number 4. © or 6-
NSUB  sublibrary number  -10 for ncutron data file:
NVER  version of library
TEM’  temperature
AWRl welght of incident particle
LRP  flag for resonance parameters. I LRP 2. resonance
contributions should not be added to cross sections.
LDRV flag for derived libraries
The following are other important differences.
Dccay. and fission product yields
They are stored in MF 1 until the ENDF B IV format. From version
V. they are moved to new MF-8.
Resonance parameters
Use of the Reich Moore formula is not allowed in the ENDF.B-V
format. but allowed in the ENDF.B-IV and VI formats. From the ENDEF.B-
V format. widths of competing reactions can be taken into account.
The format of energy dependent scattering radius is newly introduced
for the ENDF B VI format.
Angular distributions
A simple format for isotropic distributions were introduced from
the ENDIF B V format.

Energy distributions
The energy independent Watt spectrum is no longer used from the

ENDF.B -V format. and the energy dependent Watt spectrum is available
instead. Furthermore. the Madland-Nix type spectrum is allowed in the
ENDF. B VI format.
Energy angular distributions
The format is completely changed from the ENDF.B -VI format.
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Covarian~c patrices
The format of covariance matrices woere ¢learly defined in the
ENDF B V ormat.

5. Con-lusion

Tt 1s very imporlant that Lhe both of nnclear data evaluators and
users understand well Lthe formal of the evalualed nuclear data library.
Otherwiae the evalualed data might not be properly 2.ed. In this leco
ture. tic basic things of the FNDE B format were explained. and some
differcnces of the FNDIF B V1L Voand VI formals were summarizod.

We have already decided that JENDL 3 will be compiled in the
ENDEY BV ot However . Lhe FNDIF B VI wall be released 1n almost Lhe
same yoar as JENDL 30 Therefore JENDL Compilation Group 1s now Investh

gat g, the possibilities of adopting the FNDF B VI format. for JENDIL 3.

Referon o

T Revised by Kinsey: "Dala Format and Procedores for the Bvaluated
Niedear Date Fileo ENDI L BNLNCS 50496 ENDIY 107 . 1979 .

2 Nakocawe. T, "Program RESFNDD - Version 84 07 . JAERI M 84 192
JO3A

3 Pravale compunication  198H
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Table |1 Definition of MF Numbers

Mi- Desceriptions

1 General information and some fisston gu-nlities
Ve Resonanee parameters

3 Nenbron cross sections

4 Ancnlar distributions of sccondary neutrons

] Fnerpy distributions of sccondary ncutrons

6 Fnergy anpular distribulions of neatrons

i Thermal neutron secattering law

& Radioactive decay and Cission product yields

1° Phaton produclion muttiplicitices and transylion

probabilrtios

13 Photon production cross sections

14 Photon angular distribulions

b Photon encrgy spectra
31 Covariances of
37 Covariances of resonance paramelers
33 Covariances of neutron cross sections
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Table: 2 Definition of Frequently used MT Numbers
MT Descriptions
1 Total
2 Elaslic scattering
4 Tolal inelastic
16 n.2n
17 'n.3n:
18 Total fission
22 ‘n.n"a
28 n.n'p
51 20 n.n’,; to the 1st to 40th levels
a1 n.n’' . to the continuum lcovel
10 Radialive caplure
103 n.p’
104 ‘n.d;
105 m.L-
107 n.ooce
151 Resonance parameters
201 n
451 Descriptive information
452 "
454 Independent fission product yields
455 Delayed neutrons from fission
456 Prompt neutrons from fission

Table 3 Definition of LR Flags

LR Partlicles
22 o

23 3a

24 nn

30 nZa

32 d

33 t

34 *He

35 d2a

36 t2a
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II. From the Standpoints of Nuclear Design

1. Nuclear Data and Integral Experiments

Required for Fusion Reactor Nuclear Design

Yasushi Seki
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

Nuclear data required for the nuclear design of fusion reactors are
described very briefly. The ’Li cross sections in the GICX40 library
which had been derived from ENDF/B-3 were replaced by those derived from
JENDL-3PRl. The effects of the replacement on tritium breeding ratios of
two types of blankets are shown. Integral experiments useful for the

validation of the data and methods used in the nuclear design are described.

1. 1Introduction

Major tasks of the nuclear design of a fusion reactor are as follows:
1) Acnieve the net tritium breeding ratio greater than one,
ii) Estimate nuclear heating in the components,
iii) Protect radiation sensitive components, e.g. superconducting magnet
(SCM),
iv) Protect public and personnel from irradiation during reactor opera-
tion and at shutdown,
v) Analyze fusion neutrons for plasma diagnostics.

The target accuracy and the estimation of the presently achievable
accuracy of the quantities related to the above tasks are presented in
Table 1 with some comments on the limiting factors of accuracy and the
cause of uncertainty. It should be noted that there is still a large dif-
ference between the target accuracy and the estimated uncertainty.

To improve the accuracy of tritium breeding ratio, the nuclear data
improvement and the heterogeneity treatment of the breeding blanket com-
position are requested. Especially the improvement of energy and angular
distribution data of secondary neutrons for the constituent nuclides of the
blanket is in need.

In the calculation of neutron transmission through bulk shielding, the

accuracy of neutron transport cross sections seems to be the limiting factor.
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The gamma-ray production data should be improved for the calculation nf
nuclear heating in superconducting magnets and cryopanels.

For the induced activity calculation, the accurate activation cross
sections are needed not only for the major component elements but also for
impurity elements,

(1)

2. 7Li Cross Section Replacement

In the nuclear design of fusion reactors in Japan, the GICX40 cross
section librar}z) 1s widely used. The "Li cross sections in the GICX40
library were derived from the ENDF/B—3(3) in 1975. These cross sections
were replaced by those derived from the newly evaluated JENDL—3PR1(4).
The effects of the replacement on the tritium breeding ratios in the two
types of blankets, namely Li,0 blanket and Li blanket are shown in Fig. 1
together with the calculational models of the blankets. Figure l shows
that the effect of the replacement results in the decrease of the tritium
breeding by the ’Li(n, n'a)t reaction, T7 of about 20% for both
blankets. But due to the difference in the absolute values of T7, the
reduction of the total tritium breeding ratio, T is about 7% for the Li

blanket and 3.4% for the LiyO blanket.

3. 1Integral Experiments Required for Nuclear Design

Integral experiments conducted mostly in the Fusion Neutronics Source
Facility (FNS) which are useful in the validation of the data and methods
used in the nuclear design of fusion reactors, are listed in Table 2. The
experiments which are desired from the nuclear design are also listed in

the table.
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Table 1 Target accuracy and the estimated uncertainty

of the quantities related to nuclear design

Target Estimated Major limiting factors

Quantity accuracy uncertainty and cause of uncertainty
a, Tritium breeding ratio 1% 10% Nuclear data,
heterogeneity
b. Nuclear heating rate
Vacuum vessel 20% 1007 Transport calculation
Tritium breeder 5% 50% Heterogeneity
c. Bulk shielding
Superconducting magnets 10% 100% Nuclear data, design
criteria
Biological shield 50% 350% Nuclear data, skyshine
d. Streaming effect
SCM(Cu, insulator) 10% 500%
NBI(Insulator) 20% 100% Transport calculation
Instrumentation
(window, semiconductor) 107 1007 Gamma-ray production
Cryopanels (heating 20% 100% data
e. Induced activity Activation cross
NBI 50% 200% sections
Instrumentations 50% 200% Impurity content
Dose rate distribution 50% 500% Transport calculation

Corrosion products
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Table 2 Integral Experiments Required for Nuclear Design

of Fusion Reactors

Quantities and Objective

Experiments conducted mostly
at FNS

Tritium breeding ratio

Nuclear heating

Radiation damage

Validation of streaming calculation

Induced activity

Skyshine dose

(6)
(7

Engineering Benchmark Experiment

Li,0-C Sphere(s), Li,0 Slab,

Measurement using TLD ?

Organic(Inorganic) insulators

Copper dpa at 4°K

(8)

Concrete bent duct in FNS
Gap streaming

Duct Streaming
SUS—316(11), Al alloys(lz),

shutdown dose

OKTAVIAN(la)



Lithium Oxide Blanket

Plasma
200

Scrape-off layer
220

First wall $5(0.9) HZO(D.I)
221.5

Breeder Li20(0.623)

$5(0.024) H20(0.044)

265

End wall $5(0.9) H20(0.1)
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Local Tritium Breeding Ratio

Liquid Lithium Blanket
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First wall v(1.0)
220.5

Breeder Li{0.925)

v(0.075)
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End wall v(1.0)
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Local Tritium Breeding Ratio

16 17 Total

GICX40 0.809 ] 0.343 ] 1.152
GICXNEW 0.835 | 0.278 { 1.113
+3.2% -19.0% -3.4%

T6 17 Total

GICX40 0.844 | 0.631 | 1.475
GICXNEW 0.876 | 0.493 | 1.370
+3.8% -21.9% -7.1%

Fig.l Change in Tritium Breeding Ratios by the Replacement of 7Li Cross Sections

620-98 W-1¥3V/[
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2. A High Tritium Breeding Ratio (TBR)} Blanket Concept and
Reguirements for Nuclear Data relating to TBR

Koichi Maxi

Energy Research Laboratory, Hitachi Ltd.
1168 Morivama-cho, Hitachi~shi, Ibaraki, 316 Japan

Abstract

Significance of developing a blanket having a sufficiently larger
tritium breeding ratio (TBR) than 1.0 is discussed. For this purpose, a
high TBR blanket with a front breeder zone just before the multiplier is
introduced together with conventional blankets. From discussion of TBR
characteristics in these blankets, the necessity of improving on nuclear
data, i.e. reducing uncertainties is presented as follows; 0Og, Opp and COnx
of structural and coolant materials, and op2p of the multiplier at higher
energies accve several Mev, and opy of these materials and opgar Of bLi at
energies from several hundred keV to thermal energy.

1. Intrxoduction

In calculaticon of a tritium breeding ratio (TBR), neutron transport
codes and nuclear cross-sectional data are used. The uncertainties of
these nuclear data bring about an uncertainty in the TBR. The purpose of
the present paper is to require the nuclear data to be improved in their
own uncertainties so as to reduce the TBR uncertainty.

In order to determine the nuclear data to be required, the present
paper takes the following approach. At first, the importance of increasing
the TBR above 1.0 is emphasized and the required value of a local TBR is
predicted. Then, a high TBR blanket concept presented by Makil) is intro-
duced. The effects of cooling channels and SUS for spacers in the neutron
multipiiers on the TBR, and characteristics of the TBR are discussed for
the blanket. Moreover. nuclear data relating to, and having large eifects
on, the TBR are discussed. Based on these discussions, the requirements
for reducing uncertainties in nuclear data are presented.

2. Importance of Tritium Breedin: and Local TER

Tritium consumption rate Cp by D-T burning in a plasma is represented
as,

Cp = Pe-£4/17.6x1.6021x1071°  (n/s)

0.0557 P+ £d (kg/yr) (1)

where Py is fusion power in megawatts and f3 is load factor. The amount
of tritium consumed during one year's operation is estimated for the
following two cases.

Case 1. A proto type fus:ion reactor with Pg=2500MWt and £4=0.8:
If TBR=0, the tritium consumption in one year is 111 kg. Even if TBR=0.9,
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the consumption is 11 kg.
Case 2. The FER?) (Fusion Experimental Reactor being developed by JBERI)
with P£=440MW and £3=0.25: If TBR=0, the tritium consumption in one year

is 6 kg. For TBR=0.9, the consumption is 0.6 kg.

When TBR=0.9 in Case 1 and TBR=0 in Case 2, the amounts of tritium
consumption can be supplied by existing facilities, such as light water
reactors for lithium irradiation, listed in Table 1°). But, comparing the
fusion powers with the powers of these facilities, we see easily that the
powers in the latter need to be larger than 10 times of those in the former
to supply the tritium for consumption by the former. This means that the
share of electric power by fustion reactors cannot be increased to more
than 1/10 of that by fission reactors. In other words, the significance of
developing fusion reactors is lost, if it is impossible to increase the TBR
sufficiently above 1.0. Therefore, one of the most important requisites
for deciding success or failure of D~T fusion reactors is whether blankets
having a TBR sufficiently larger than 1.0 can be developed or not.

The TBR calculated by a cone-dimensional model corresponds to a local
TBR. The local TBR must exceed the value including margins due to doubling
time and nuclear data uncertainties, and effects by divertors, shell coils
and several ports.

Makil) derived the TBR margin, ATBR, due to the doubling time in
consideration of the tritium inventory, fusion power and the tritium
reduction by B decay, as follows,

ATBR = — [1 - e F2] (2)
Pe

where A means a decay constant (=0.05653 (yr~1)); Np, tritium inventory
{in kilograms); Pf, fusion power (in megawatts); and tz, doubling time
(in years). Values calculated by Eq. (2) are shown in Fig. 1. When we
used the doubling time of 2 to 10 years assumed by Abdou ), a mean TBR
margin of about 0.05 was obtained from this figure by assuming Np/Pg=0.01.

Tobias and Steiners) estimated the TBR uncertainty due to nuclear
data uncertainties as about 0.05. According to recent estimations,
uncertainties due to nuclear data are higher and depend on the blanket
conceptse’7). Considering these predictions, we assumed the TBR un-
certainty due to nuclear data uncertainties of about 0.05 as a conservative
value.

The TBR margin due to divertors and shell coils has been estimated as
about 0.12 for the FER reference design of Ref.l. We applied that value
to the TBR margin. The TBR margin due to several ports has also been
estimated as about 0.071) for the FER. We also appized that value to the
TBR margin.

Consequently, the four margins had a summed value of about 0.29.
Therefore, the local TBR was assumed to be 1.3.

3. High TBR Blanket Concept

Most methods proposed to increase the TBR have been based on using a
neutron multiplier in the blanket region nearest the plasma’ .
In these methods neutrons are multiplied by the (n,2n) reaction of
beryllium, lead, etc., before reacting with lithium. There is no increase
in the TBR above the local value of 1.3 in the blanket separated from the
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‘first wall such as shown in Fig. 2.

In the blanket, shown in Fig. 2, however, back scattering neutrons
from the multiplier are absorbed by the first wall structural materials,
for instance SUS, in the low energy absorption range. Ehe neutron multi-
Plying effect is, therefore, compensated by this absorption. Consequently,
to prevent neutrons from being absorbed and to increase the TBR, we re-
commended a blanket with a thin breeder zone (designated the front breeder
zone) on the plasma side just before the multiplier1 )

A suitable thickness for the front breeder zone is about 1 cm for °Li
enrichment of 50%1), while a suitable thickness of the beryllium neutron
multiplier is ten odd centimeters.

Considering these factors, a blanket with the front breeder zone and
beryllium multiplier was designed as shown in Fig. 3. Then, we investi-~
gated the following two items which have large effects on the TER.

3.1 Ccoling channels in the multiplier

The actual multiplier has cooling channles, which consist of &3
cocling tubes and Hz0 coolant. In this section, the effects of SUS and H,0
effective thickness on the TBR were estimated. Their effective thickness
is from 0 to 0.6 cm to allow for the cooling channels. The TBRs are
estimated as a function of SUS and H;O effective thicknesses in Fig. 4.
Sensitivities of the SUS thickness to the TBR are obtained as -0.35 and
~0.15 ATBR/cm for 10~ and 15-cm- thick beryllium multipliers, respectively.
Sensitivities of the H20 thickness to the ratio are obtained as -0.2 and
-0.12 ATBR/cm for the same respective thicknesses.

The average nuclear heating density in the beryllium multiplier is
several watts per cubic centimeter. One line of cooling channels arranged
every 6 cm is equipped in the multiplier to remove the nuclear heat.

The 0.25-cm-thick tube has a l-cm inner diameter. The effective thick-
nesses of baoth the SUS and H20 in these channels are estimated to be about
0.15 cm. From Fig. 4, the effects of 0.15-cm-thick SUS and H:0 on the TBR
are -0.1 and -0.05 ATBR for 15- and 10-cm-thick beryllium multipliers,
respectively. Therefore, the TBRs are predicted to be recduced by the
cooling channels in the multiplier from 1.72 to 1.62 and from 1.60 to 1.55
for 15- and 10-cm-thick beryllium, respectively.

These effects of SUS and H;O for cooling channels on the TBR are due
mainly to a decrease of the Be(n,2n) reaction by their neutron-showing-
down cross-sections.

3.2 Structural materials for spacers in the multiplier

In the previous discussion, only the cocling chaanels in the multiplier
were taken into consideration for the effect on the TBR. 1In the actual
multiplier, however, structural materials for spacers such as SUS are used
to support the cooling channels and the multiplier itself. When the effec-
tive thickness of both the SUS and H20 for the cooling channels is 0.15 cm
in the multiplier, the changes of the TBRs are described as a function of
the changes in thickness of the bervllium multiplier, including various
compositions of SUS, as shown in Fig. 5. 1In this figure, SUS 0% corresponds
to the multiplier taking only the cooling channels into consideration as
mentioned previously. From this figure, as the SUS composition becomes
larger, the beryllium multiplier thickness giving the masimum TBR is re-
duced. The thickness is 16 cm for an SUS composition of 0%, 13 cm for 2%,
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11 cm for 5% and 10 cm for 10%. Also, the maximum TBR is reduced to 1.62,
1.52, 1.45 and 1.38 for SUS compositions of 0O, 2, 5 and 10%, respectively.
Therefore, it is necessary to decrease the SUS composition in the multi-
plier by improving the blanket concepts.

Also this TBR reduction by increasing the SUS composition are due
mainly to a decrease in the Be(n,2n) reaction due to its neutron-slowing-
down cross section.

Even if the previous effects are taken into consideration, the blanket
with the front breeder zone is shown to have a larger TBR than the local
TBR of 1.3.

4. Nuclear Data Relating to TBR

In discussing the behaviors of neutrons, produced by D-T fusion
reaction, flying from the first wall to the tritium production region,
we present nuclear data having large effects on the TBR in this secticon.

4.1 Neutrons through first wall to the multiplier

In order to enhance the TBR, it is necessary to increase the neutrons
multiplying reaction. From the first wall to the neutron multiplier
regions, it is sufficient to take the neutrons having higher energies than
the threshold energy of the (n,2n) reaction into consideration. Making the
slowing-down of neutrons as small as possible and preventing neutrons from
being lost by a charged-particle production reaction are indispensable to
increasing the neutron multiplying reaction. Therefore, nuclear data
having large effects on the TBR in these regions are the slowing-down
cross-sections, such as 0jp ard Oel, and charged-particle production
cross-sections, such as Opp and Opg.

4.2 Neutrons in the multiplier before (n,2n) reaction

Before the neutron multiplying reaction, it is necessary to make the
slowing-down of neutrong as small as possible and to prevent neutrons from
being lost by a charged-particle production reaction, just as cited in the
previous subsection. In this region, therefore, the nuclear data having
large effects on the TBR are slowing~down cross-sections, such as G, and
Oeir and charged-particle production cross-sections, such as %np and Srng-
In addition to these, the neutron multiplying cross-section, Opppn, 1is
important to reduced tha2 TBR uncertainty.

4.3 Neutrons in the multiplier after (n,2n) reaction

After the neutron multiplying reaction, not slowing-down, but absorp-
tion of neutrons must be taken into consideration. Neutrons having the
energy from several hundred kilo-electron-volts to thermal energy play an
important part for the TBR. In the multiplying region, therefore, absorp-
tion cross sections in the energy range described above have large effects

on the TBR.
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4.4 Neutrons from the multiplier

Some of the neutrons from the multiplier are absorbed before the
tritium production reaction. As this absorption decreases the TBR,
blanket concepts must be devised to reduce it. Therefore, capture cross
sections, Ony s of structural materials, between the multiplier and the
tritium production region, and in the tritium production region have large
effects on the TBR.

The TBR contribution from neutrons of less than 100eV is more than
70% as shown in Fig. 6. From this, the tritium production cross-section,
OngT ©f 6Li, which has a large thermal value of 940 barns and 1/VEn energy
dependence, is important. On the other hand, the tritium production cross-
sections of 7Li have little importance; their contributions to the TBR is
only several percent especially when using beryllium is used as a neutron
multiplier. Even if lead is used as a neutron multiplier, tritium produc-
tion by 7Li makes a contribution to the TBR of less than 10%,

5. Requirements for Nuclear Data

In this section, materials propcsed for blankets are listed and dis-
cussed. Considering the nuclear data having large effects on the TBR
investigated in Sections 3 and 4, the requirements for improving nuclear
data by reducing their uncertainties are presented.

5.1 Materials proposed for blankets

Material of SUS, the most commonly used material in reactors, was
proposed for the first wall materials and its protectors. In addition to
this, a molybdenum alloy and a vanadium alloy were proposed for the first
wall materials. A ceramic SiC was proposed for the protectors.

For the structural materials of the blanket vessels, SUS is used in
most blanket designs. A molybdenum alloy and a vasadium alloy were further
proposed for the materials of the blanket vessels.

For the neutron multipliers, beryllium and lead, the most commonly
used species, were employed in the blanket design {(cf. section 3).

In addition to these, their oxides or alloys were proposed for the neutron
multipliers.

Lithium metal, Li,0, LiAlOj3, Li»SiO3 etc. were presented for the
tritium production materials. Material of Li»O was used in the blanket as
shown in Section 3.

For the cooling channel tube materials, SUS, molybdenum alloy,
vanadium alloy etc. were presented. And for the coolant, Hz0, helium gas
etc. were proposed.

For the other structural materials, SUS, a molybdenum alloy, vanadium
alloy etc. were presented.

The above materials are listed in Table 2.

5.2 Requirements for improving the nuclear data
In Section 3, the slowing-down of neutrons by cooling channels and

the spacers in the multiplier was shown to reduce the neutron mulitiplying
reaction. Therefore, the slowing-down cross-sections of the materials in



JAERI-M 86-029

the multiplier were suggested to have large effects on the TBR.

In Section 4, the slowing-down and charged-particles production of
neutrons at energies higher than several million-electron-volts of thres-
hold energy in the (n,2n) reaction were suggested to be important for the
TBR before the multiplying reaction. And, the neutzon multiplying reaction
itself was shown to be important. After the multiplying reaction, the
absorption and tritium production reaction were suggested as important for
the TBR.

In Subsection 5.1, materials proposed for blankets were listed in
Table 2.

Considering these discussions, requirements for nuclear data to lower
thelr own uncertainties are clarified as follows.

5.2.1 Higher than several MeV

The slowing-down cross-sections, such as 0j, and Og), of first wall
:nd structural materlals, for example SUS, SiC, H;O0, molybdenum alloy,
tc., should be improved in their uncertainties. And the charge-particle
roduction cross-sections, such as 0., Oy etc., of these materials are
rguired to be improved. Further, the nuetron multiplication cross-
scctions, 9p2n, of beryllium and lead should be improved.

For blankets without a neutron multiplier, the tritium production
cross-section, Spntgr, ©f 7Li should probably be added the list of required
nuclear data.

o

'

N

5.2.2 Saveral hundred keV to thermal energy

The capture cross-sections, Opy, of structural materials, coolants
and tritium production materials must be improved. The tritium production
cross-section, Jpgr, of 6Li should be improved.

6. Conclusion

A blanket having a sufficiently larger TBR than 1.0 must be developed,
in order to make D-T fusion reactors significant as electric power plants.
For thris purpose, a high TBR blanket having a front breeder zone just be-
forc the beryllium neutron multiplier was introduced together with con-
ventional blankets. Based on these blankets, requirements for improving
nuclear data were discussed. From this discussion, we drew the following

conclusions.

(1) At higher neutron energies than several million-electron-volts,
showing~down cross-sections, such as 0;, @ Je1: and charged-particle pro-
duction cross-secticn, such as oh and Ong e of structural and coolant
materials, for instance SUS, Mo a?loy, SiC.and H20, must have their un-
certainties reduced. Further, 0o, of beryllium and lead should be
improved.

(2) At neutron epergies from several hundred kilo-electron-volts to
thermal energy, capture cross-sections, Ty s of structural, coolant and
tritium production materials should be improved. Moreover, 0T of 6Li was
also required.

— 62—
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)

Takle 1 Amount of tritium produced by various fission facilities?
Cy . !amount of
facility ) comments
production/year
light water reactor 1-3g/1GWe produced by ternary fission

reprocessing facility|130g/1500t-U

heavy water reactor 20g/550MwWt

moltensalt reactor 700g/1Gwe

lithiwn irradiation 450q/1kq'6Li

by light water

for reprocessing capacity of 5t/day
produced by thermal neutron

capture of deuterium

produced by reaction of neutron

and lithium

4x10' % (n/em’ *s) and Joad factor 80%

reactor
Table 2 Materials proposed for blankets
items materials
first wall sUs, Mo alley, V alloy, SiC, etc.
blanket vessel SUS, Mo alloy, V alloy, etc.
neutron multiplier Be, Pb, Be alloy, Pb alloy, etc.
tritium breeder Li, Li:0, LiAlOj3, Li2SiDy, etc.
cooling channels suUs, Mo alloy, V alloy, Hz0, Hel(gas), etc.
the other structural materials | SUS, Mo alloy, V alloy, etc.




JAERI-M 86-

0.5

029

tritium breeding ratio margin ATBR

T

O

__ ftritium inventory (kg)

fusion power(MwW)

5

L
10 50 100

doubling time t, (yr)

Fig. 1

Neutron multiplier (Pb)

Ceramic tile [}
(5iC)

Relationship between doubling time and TBR margin.

Breeding

Cooling panel

Flange for joints
First wall

\

Pin joint

1)

material
(Li.0)

\\\Cooling tube

(First wall)

Fig. 2 Blanket concept with first wall f?parated from breeder zone and

using a lead neutron multiplier.



Cooling channel
in multiplier

Neutron ///
multiplier

one line of one cooling charnel per Gom

Cooling
|- channel

Tritium
hreeding
region
(Li.0)

TBR

- Cooling
channel

| Spacer for
supporting
cooling
channels

- 3US

———= H:0

14 . .

I Y
effective thickness of SUS or H,O (cm)

Front breeder zone
(Li,0) Fig. 4 Relationenip between SUS or Hz0
effective thickness in the
beryllium multiplier and the TBR.
First wall

Fig. 3 Blanket concept with front breeder zone and beryllium neutron
multiplier.

620-98 W-193V(



JAERI-M 86-029

1.0

09 1 L 1 ) { . . . L | L
0

10 20
Be neutron multiplier thickness (cm)

Fig. 5 Relationship between the beryllium multiplier thickness and the

Fig.

contribution to breeding ratio (%)

6

TBR for various SUS compositions in the multiplier besides the
cooling channels {(cooling channel: 0.15-cm SUS effective thickness
and 0.15-cm H,0 effective thickness).

&0 ™ ™ T T 7 T ™
50— __ _ | front breeder zone N
o ———— region just outside multiplier

( thickness 5¢cm)
A0 7
30— —
L i 4
201 ! 7
b
R A J
1
10— -
————— n
L L—-q |
0 | Ll , | o Ll = PR |
1 10 10 10° 10° 10° 10° 107

neutron energy (eV)
Neutron energy dependency contribution to the TBR for the blanket
with a l-cm-thick front breeder zone and a 15-cm-thick beryllium
multiplier.



JAERI-M 86-029

3. On the Processing of the Nuclear Data File and the
Problems of the JENDL

Akira HASEGAWA

Japan Atomic Energy Research Institute

Tokai. Ibaraki. Japan

Summary

Bricef outlines about the processing of the nuclear data fiies are
described. Particularly stresses are placed on the problems encount-
ered on the processing of the JENDL2, JENDL 3PR1 and PR2 Japanese
Evaluated Neuclear Data File version 2. version 3 preliminary 1 and -2

files. . Some recommendations to resolve the problems are also made.
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1. Relation between Processing and the Design Concepts of Evaluated

Nuclear Data File

¥hat should be considered for the convineances of the users of the
evaluated nuclear data files at the processing stage such as group
constants production or general utilization of their data? They are

expressed as ‘completeness’ and ‘compactness’ of the data.

‘Completencss’

The data file should cover all nuclides ‘MAT ., all data categories
M) and all reactions MI': with no energy range deficite. If an
evaluater evaluates the data of one nuclide. he should give the data
of all reactions in all energy range. i.e.. even if no experimental
value exists. the data should be rupplied using the systematics or
theoretical calculations. And the value should be defined in a unigue
way and if deduced value data exist they should be existent in a
consistenl way each others.

In JENDL 1. 1t happened several times that elaslic cross section
data (MF 3.MI' 2 are given but their angular distribution data
(MF-4.MT-2: are not supplied. This incomplete dat: presentation is
completely forbidden. For such a case. the process-1g code cannot

process the group to group transfer matrices.

Completeness:
All MAT . material,
All MF ; data category.
All MT : reaction.

All Energy Range: energy.

"Compactness’

The data represented in a evaluated data file should be given as
practical ‘'simple as possible. i.e., don't give the data in a compli-
cate way.

For examples. the resonance cross-sections are usually given as
resonance parameters. This is just the case for the 'compactness’. If
the data are presented as point-vise basis. the data points required
to represent the shape of each resonances easily exceeds 100,000
points for heavy nuclides such as U-238, Pu-233. In contrast to this,

at most handreds of resonance parameteres are sufficient for the exact
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representations of these cross sections.

However. somctimes it may happen that this practical and simplest
representation causes somc ambiguities for the constructed cross
sections duc to the intervention of the resonance construction pro
cessing code. In this mean, the point data representation 1is unique
but the resonance parameters representation is not. Therefore some
differences are inevitably associated in the generated cross sections.
We cannot be free from these differences as far as the resonance
parameter representations are taken.

For another example of simple data presentation. the manual of
ENDFB V says that the presentation of angular distribution of
inelastically scattered neutron should be given as anisotropic data
when the anisotrpy exceeds 5 %, others the data should be givn as
isotropic.

As seen from these examples. it is not always the best to give the
data as detail as possible. The data should be given as the simplest
way considering the accuracy of the original data and the required
accuracy when the data are applied. For this point I want to draw
attention of the evaluators of the data. Recently the evaluated data
issued have the tendency of the expansion both in their volume and in
the complicateness due to the utilization of the theoretical calcula-
tions in the evaluation steps. Sometimes it happened that almost
isotropic data ‘very slight anisotropy’ are given as anisotropic ones
in the angular distribution data by using the direct output from the
theoretical calculations. These data are inutile. it results in the
wast of computer resources for the processing or in the comfusion of

the data.

Based on these two conception i.e.. 'copleteness’ and 'compactness’
of the nuclear data file. the nuclear data processing procedure can be

realized.

2. Evaluated Nuclear Data Files and Processing Codes Available in
JAERI

Available evaluated nuclear data files in JAERI are listed in
Table 2.1.
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Table 2.1 Avilable Evaluated Nuclear Data Files in JAERI

# IFile Name Release Date Country FORMAT

1 UKNDL 2 1981 U.K UK

2 KEDAK 4 1883 F.R.G KEDAK

3 ENDF, B-1V 1974 u.s ENDF B

4 + ENDF.B V 1979 u.s ENDF B

5 JENDL. 2 1883 JAPAN ENDF B

6 ENDL 82 1982 U.S'UNL: TRANSMITTAL
7 JENDL. 3 PR12 1883 JAPAN ENDE B

8 + JEF (1882 NEA-OFCD  ENDF B

9 + EFF (1983 EC ENDF B

N.B.. + : partial files only.
+ . not yet available.

: now under development.

Above data fliles except JEF and EFF. we can easily manipulate all
of these data using EDFSRS: Evaluated Data File Storage and Retrieval
System) /1/.

Available processing codes for the evaluated nuclear data files in
JAFRI are listed in the followings:

(1) Codes Developed in JAERI

There are two main flows for the development of the processing
codes, one is a PROF-GROUCH series and the other is a RAD-HEAT series.
The former is developed for the preparation of the 'JAERI-Fast Set’™ a
group constants for the FBR core neutronic calculations. The latter is

developed mainly for the shielding calculations.

A: PROF-GROUCH series

1. PROF-GROUCH-M S.Kasturagi  JAERI (--1968)
2. PROF-GROUCH-G T.Tone JAERI (19703
3. PROF-GROUCH-G/II  A.Hasegawa JAERI {1974
4. PROF-CROUCH-G/I1' Y.Ishiguro JAERI (1981
5. PROF-DDX M.Nakagawa JAFRI (-1981)
6. PROF-GROUCH-G/B A.Hasegawa JAERI (1984--)
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B: RADHEAT series
1. RADHEAT V.3 K.Koyama JAFRL . 1977,
2. RADHEAT V.4 N.Yamano JAFRD 1683

2 Imported Codes

1. NJOY R.E.MacFarlanc [ANL. 1Q82
2. MINX C.R.Weisbin LANL. 1974 -
3. AMPX N.M.Grcen ORML. 197G
4. ETOL MC? 2 SDX  H.Henryson 11 ANL. 1976 .
5. ETOX R.E.Schenter Battle Northwest Lab 1969
6. ETOG D. L. Kusncr Westing House Eleclric 1969
7. SUPHRTOG R.Q. Wright ORNI. 1989

Gencral commenls for Lhe processing codo.

a. Processing code and the evaluated data f1le are now tight coupled.
It is evident that the processing code depends on Lhe format system
adopted in Lhe evaluated files. i.e.. ENDF.B. UK. KEDAK and TRANS
MITTAlL. one. But it is not always possible that a processing code
designhed for an evaluated data file could correctly work for the
other evaluated file of the same format system. For example. NJOY
processing code is widely used in the world for the ENDF/B V /IV
processing. bul it could not be applied to JENDL 2 file due to the
special definition for the contents of resonance parameters. That
is. Lhe processing code and the evaluated data file becomes tight
coupled ones. In this mean. there is no almighty code now. The
creation philosophy of the evaluated data file is different from
file to file. And the method of the data presentation is somewhat

dependent on the file itself.

For example: special data definition in the evaluated data file;

JENDL.- 2:
There are three resonance region. i.e.. 2 resolved and 1
unresolved range for Fe.
J-unknown state assignment data presentation is taken in the

resolved resonance parameters.

— 72—
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In File 5 many partial sections are used but no co energy mesh
data presentation is taken.

File 6 'energy angle correlated data data presentation and
double definition by File 4 and File 5 data.

ENDL. 82:
No resonance parameters data presentation method is taken.
Therfore no possibility for Doppler coefficients calculation
in the unresolved resonance energy range.
Energy distribution data are given roughly both of the incident

encrgy mesh and the exit encrgy mesh.

3. On the Detarls of the Processineg of the Nuclear Dala File and
Enconntered Problems of JEND, 2. 3 PRI and P2,

Here 1 desceribe the details of the processing method taken in our
laboralrory stressing  the encountered problems on the processing of
JENDL 2 JJENDI. 3 PRl or PR2. In Fig.3.1. our processing system is
shown. The processing can be divided into two parts. pre processing
and processing. The former 1s for the preparation of energy dependent
cross section and the latter is for the gronp averaging process of the

pre processed one.
Qutlines of the processing

A. pre processing
The pre processing step is introduced in order to generate energy
dependent  point cross- sections prior to the next averaging step. For
this purposc. as shown in Fig.3.1. we use following codes.
i1 LINFAR 2
This code 1s used to select out one nuclide from the evaluatgd
file and to give the linear linear interporable (INT-2. cross
sections file3 data ; from general interpolation data as
defined in ENDF/B. This process is always necessary because the
processing code PROF-GROUCH G'-B 3 accepts only linearly

interporable cross sections ‘INT-2 ..

General interpolation data defined in ENDF B
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INT Interp.SCHEME CROSS SECTION vs ENERGY

1 constant constanl

2 lin lin lincar linear

3 lin log logn linear

4 log lin lincar logn

5 log log logn logn
2. RECENTJ 4

We usce this code for Lhe reconslruclion of energy dependent
neulron tolal. elastic. caplurce and fission cross sections from a
combinution of resonance parameters and tabulaled floor cross
sections. Thes four reaction cross sections are replaced 1n  the
output file froam input file.

RECINT.J 4 18 a slightly modified version of RECENT .5 | The
modifications arc made because of the acceplance of JENDL 2 eval
vated nuclear data file as input file . J unknown resonances in
Multi level Bright Wigner formula) and the preparation for the
calculation of self: shielding factor of unresolved resonance region
by PROF.GROUCH G B.

In this step. cold. T-0. degree in Kelvin'W cross-sections are

generated.

Resonance formulae defined in ENDF.B.
a. Resolved Resonances
1. SLBY : single level Breit Wigner
2. MLBY : multi -level Breit Wigner
3. Reick Moore : R matrix :Reich Moore - multi-level
4. Adler: Adler-Adler multi-level
b. Unresolved Resonances

1. SLBY : single-level Breit Wigner

An example of the processing in this step is shown in Fig.3.2 and
3. the former is floor cross-sections defined in File3 and the
latter is resonance reconstructed cross-sections { floor + generated
cross-sections from resonance parameters 5 of natural Iron of
ENDF. B-IV :‘MAT:1192;. That is., the former is input data for the code
RECENTJ and the latter is the output ones. In these figures.
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total (MT--1;, elastic scattering (MT-2). (n.gamma (MT-102) and total

inelastic{MT-4") cross sections are displayed.

{3, SIGMAL 6"

For the preparation of the temperature dependent cross sections.
we use SIGMAI 6+ code. The method taken in this code is kernel
broadening method and it is regarded as fully accurate method for
Doppler broadening. Usually required data points for representing
cross sections arc greately reduced when temperature increases as
seen 1n Table 3.1 for the case of Na 23 -n.gamma). An example of
Doppler brodened cross- sections is shown in Fig.3.4 for Na 23

n.gamna of ENDF B IV ‘MAT 1156 at temperatures 0. ki cold .. 300.
k. and 2100. k.

But only for the unresolved range. this codc can not be applied.

Therefore we had to use other code for the effceclive cross section

calculations for this unresolved energy range.

Table 3.1 Generated data points for Na 23 n.gamm: cross
sections of ENDF B 7' (MAT 1156

temperature points ratio to 0.k points
1 0. k 4320 1.00
2 300. k 2399 0.55
3 800. k 1930 0.45
4 900. k 1805 0.42
5 2100. k 1629 0.38
4 UNRESR 7,/

For the self-shielding factor calculations of unresolved
region. we adopt TINRESR code of NJOY 7 . In the averaging process
of PROF GROUCH- G B, processing for the sclf-shielding factor calcu-
lation in this unresolved range is not intended at the first stage
of the development. Because for this energy range, TIMS-1 code has
been used. But it consumes a lot of computing time and the results
shows some odd behaviour for heavy elements of JENDL-2. Thus we had
to abondon that code and decided to import the UNRESR. And for the

conveneance of the one-through calculation. this code is directly

—-758—
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coupled to PROF GROUCH G B Lo evade the scparale run and resulting

data morge proco.is.

B. Processing

5 PROF GROWCH G B 3
This eode 1s used for the cross soclion averaging proeess
using any w-ight specified by the user . Processing will  be per
formod  for  the following guantitics for  cach file calegories.
Filet: nu. delayed chi.
Filez?r  unresolvea  range  effective cross scolions by UNRESR L
File3: resolved range and siooth cross scotions.
Filed: enciey transfer matrices in Pl oexpansion
and avcage of Pl coefficients for scattering reaclions.
Fileh: encrpy transfer matiicos an PO order or scatlering or
fission reactions.

FileG  enerpgy Lransfer malrices in Pl oxpansion

This code outpul group averaged cross scctions in ENDFE B Format
The: calculated quantities are infinite dilution cross scections.
effective cross sections. self shielding factors. average weights,
encryy transfer matrices in Pl expanded form. average of Pl coeffli
cients and group  average of fission spectrum. These data are
sufficlents not only for the usual anisolropic transport code ANISN
or DOT but also for the transport code of dircel integration method
such as PAIIAS or BERMUDA.

Problems cncountered for the processing of JENDI. 2. JENDL 3 PRl and PR2

1 Selection of the energy dependent point wise cross section gencra

tion code

For the resonance cross section construction process. the quality
of the gencrated cross-sections depends on the code used. In order
to improve the quality of the processing code for the resonance
reconstruction. a benchmark test was performed by IAEA 8. And the
results were presented at the sixth international conference of
radiation shiclding held in Tokyo May. 1983

Summary results are shown in Table 3.2. Where the comparisons are
made for the following conditions. At first point energy cross

sections are generat-d at cold (0.k:W temperature for the ENDF B V
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dosimetry files. next their values arce regrouped  to 620 group
SAND 11 encrpy structures in flat weights. Thus oblained values are
compared Lo the reference ones.  The aceeptoble error limil 1s
thought as 0.5 7% 1n every encrey  sproups, From this table. at
initial stage great diverpences are found in most of the codes  and
alfter this bench mark test the resolis are remarkably improved. Now
the codes FNTOSAN. RECENT. RESENDD olear the test.o and  Lhe codes
AMPX. MINX. NJOY follows. When using  those codes. 1t s vaery
1mpaortanl Lo check the version number of the code intendin, Lo use.
Mtherwise  you can get wrong cross scotions of more than S0 Limes
largecr values in the worst case. An examples  of  Lhe  compuorrsons
betweon  RECENT.  RESENDD and RESIND 8 1s shown an g 3.5 and 6.
the farmer 15 the cross seclion ratio and Lthe Tatter s the pene
ated  crors sectrons of cach codes botween Toto 4 keV o tar Th s
n.ean cross sceclions of FNDE BV SO Ry resollation sooat e
mvolved  n ths energ range. the differenees can noto £l ol
from Lhe resonance shape comparison as in Fip 3.6,

In Table 3.3 an cxample off cost performaecs  of Lhe  cnerpey
pornt eross section gencration codes 1s shown 9 0 As clearly known
from U 238 case. required ¢pu time  and  gencraled  poinls number
depend on Lhe code significantly. Original RESEND requires nearly 2
hours cven 1T usinge, 10 % error torelable lTimL. RFCENT  gencrates
more Lthan 230000 points and 1t takes 40 min.

Even by this  benchimork test all of the problems hidden in the
code are nob revealed. Some  problems might still exist 1n the
codes.  Under the other conditions for example for the other ohjec
tive f1le otner than ENDF B V DOSIMETRY FILE the different  conclu
sions might come. Especially in the benchmark test so performed
only limited combinations between resonance formulae  SLBW. M DBW
and floor cross seclions had been made. Thal 1s. for olher formu
lae. Adler Adler. Reich Moore. conclusions are still the status of

‘open question” .
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Table 3.2 Summary of initial and current maximum

per cent differences for each codc

code: initial maximum current maximum
difference differrence

ENTOSAN % ag. eement
RESEMD 2000 % abuindoned
RECENT 6 % agreenent
FOURACHS 2700 % 1135 7%
RESCAL. 113 % 80 %
RESINGD 5000 7 agreenent,
FEDGROND 3 187 % ++ 16 % =+
FEDGRCUP ¢ ARY 23 % 4
NJOY CIxYS 18 % no additional result
NJOY 1M 100 % + 18 %
AMPX 24 % 1.6 %
MINX 19 % ++ no additional result

*+

N.B.1

this ignores large per-cent differences for small cross sections

near threshold.

comparison based on only a portion of ENDF B V dosimetry library

code: name Participants

ENTOSAN ~ ———-- Petten. Netherlands
RESEND  ~-—-- BNL., U.S.A

RECENT  -—-—- N.D.S.. TAEA

FOURACES ~ ——--- Bologna, Italy

RESCAL.  ———-- Greenwood, ANL. U.S.A.
RESENDD —---- JAERI, Japan

FEDGROUP 3 ———-—- CRI, Budapest., Hungary
FEDGROUP-C  -—--- IJS, Ljubljana. Yugoslavia
NJOY.CDC:  ---—- LANL, U.S.A.

NJOY.IBM:  ————- NEADB, Saclay. FRANCE
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N.B.2 This table was borrowed from reference .8 .

Table 3.3 Running performance of processing codes.

CPU time and generated data points.

© W O ~N O U B~ 0N

CPU time (sec) Gencraled Points Number

Nuclide  MAT  RECENT RESENDD RESENDD  RECENT  REESENDD  RiSSENDD

‘ORIG. ) (REV 2 (ORIG. + RFV 2.
Na 23 6311 7 10 11 5155 3973 4438
Np 237 8337 145 146 141 33066 32308 32897
Au 197 6379 601 440 519 106530 54439 71515
Th 232 630 1685 T24 933 216435 87167 104116
U 235 6395 50 55 48 13000 13422 12982
U-238 6338 2353 BO 12 231798 74068 118914
Pu-239 6339 110 89 0 33485 2382 25498
Sc-45 8426 204 186 200 45462 27573 32146
Fe-58 6432 40 32 35 20535 13082 14776
Cu -63 6435 8 10 11 5836 5356 5428
In-115 6437 201 131 168 62391 34637 44205

Running conditions:

RECENT: LINEAR: 0.1 % ERR: 0.1 %

RESENDD (ORIG.): ERR: 0.1 % AVERR: 0.0 LSIG: 1.0E-10
RESENDD (REV-2;: ERR: 0.1 % AVERR: 0.0 LSIG: 0.0

N.B.1 This table was borrowed from reference /97,
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11 Specral Lreatments for JINDL 2 File in Lhe resonance range

a  Special Lrealnent of J unkoown stale for JENDL 2 file

In o the JENDE 2 Tile. for the ndex  of J wunknown state’
un allbon d d value as assipgneed  in the multi level  Breit Wigner
forn.la This convenlion 18 restricted to JENDL 2. Therefore usual

cod-oanaorng FNOEF B convention mipght comse scorions problems.  For

the pwoe o, for this "J unknown state’ resonance level. the
processed pes bt by Lhe pracessing codes are susmarized  as  fol
Ton.

Toocadeal.tren ps performed correetly by the JENDL 2 convention:
BRSNS BECENTT.

2o cal ubaten stopped by prodissing some error messapes )
Milva . RECENT

3. calealation 1s performed  with no messore using  invalid J
valnes. thus the result is wrong and Lhe values are not guaran

teod s NJOY.

The i Tides Yist of JENDL 2 whose resonancc parameters of  MLBW
milti level Breat Wigner  contain J unknown stotes is shown in Table
3.4. From this Table, it 1s scen thal relalively  important nuclides
for the fmsion neatronics  arce concerned. At present  for these
nuclides we have not many choices for the processing code.  And  in
some codes, Tike NJOY, the resulls cannoi be guranteed even if no
error message eonerated 1n the processed output. Thus the user should
pay attenlion for the processing of these J unknown state assigned

nuctdes
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Table 3.4 Nuclides list of JENDI. 2 whose resonance paramelors of
MLBY. multi level Breit Wigner conlain J unknown

slales

Nuclide MAT  Tape  Resolved Res  Range Unresolved Range

2] Sc 45 211 201 1.0E 5 eV Lo 90. KeV nol given

23V 5l 2231 201 1.0 5 eV Lo 100, keV nol. paven

Fe O 260 202 1.0l 5 ¢V to 250, ke nol given
oo B7 27063 200 1.0E 5 ¢V to 200, keV not given

B3

2f Co W9 o7 20° 1.0 5 ¢V 1o 100, kv not given

28 Mi 0 27280 200 1.0 5 ¢V to 600, keV nol. given
28 Ni 6! 2283 20° 1.05 5 ¢V to 61 . 5H7keV nol given

Cu 0 2290 203 1.0 5 eV to 35H. keV nol given
Cu 63 2291 203 1.0E5 eV Lo 3b. keV nol given
Cu 65 2232 203 1.0E 5 eV to 3. keV nol given

B33

41 Nb €3 2411 203 1.0E5 eV Lo 7. keV to 50. keV

42 Mo O 2420 203 1.0E 5 eV to 50. keV Lo 100. keV
42 Mo <6 2423 203 1.0E-5 eV Lo 2. keV to 100. keV
42 Mo 97 2425 203 1.0E5 eV Lo 1.8 keV to 100. keV
T2-Hf 177 2723 204 0.5 eV to 200. eV to 50. keV
72 Hf 179 2725 204 0.5 eV to 200. eV to 950. keV

73 Ta 181 2131 204 1.O0E5 eV to 1. keV to 90. keV

9 Pu 239 2943 206 1.0 eV Lo 538. eV to 30. keV

keV
keV

95 Am 241 2951 206 1.0E5 eV to 190. eV to
95 Am 243 2954 206 1.0E 5 eV to 215. eV to

8 8
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{1ii1) Problems of the UNRESR /7/ for the processing of unresolved

resonance range

In the course of importing of UNRESK module 7 1in PROF GROUCH-G B

/3 code. several problems are revealed.

{1, Floor cross sections definition for fission cross section.

For the floor cross sections of fission reaction. UNRESR treats

MI 19 . 1 st chance fission reaction ! data only. Therefore if ihe
floor cross section of fission is given by MT (8 total [rission
reaction . as the case for JENDL-2, no floor cross sections are added

for the fission cross section. This produce scrious problems for  the
generaled fission cross sections for JENDL 2. Thus we had to chonge!
the original flow to add the MT 18 floor contributions to the fission

cross scoetions.

2. Selection of energy grids in the gencration of the unresolved
resonance cross sections

The encrgy points of the cross seclions gencrations 1n the unre
solved range should be defined as the same energy nodes as given 1n
the unrcsolved resonance paramelers with the samc cross section
interpolation law defined in the resonance paramelers. Thus the
cross scction values between the energy grids are defined by the
interpolation of th grids cross-sections generated at these points and
never defined by the interpolation of the resonance parameters them-
selves.

For the UNRESR code. when the node energy points are relatively
distante { i.e. E >> 3.0 E', E & E' are node energy:. the code gener-
ate finer mesh grids cross-sections by the interpolation of the
resonance paramecters. This processing is completely forbidden as
already stated above. An example of wrong treatment is shown in
Fig.3.7 for the case of Eu-153 ENDF/B-IV (MAT-128! :. And at the same

time generated cross-section is given in Table 3.5,
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Table 3.5 Calculated infinite dilution cross-sections of
Eu-153 (MAT=1291) ENDF/B-IV by UNRESR code

TEMPERATURE - 300.0 KELVIN

SIGMA O = 1.0E+50 BARN
B e it B - - -t
| ENERGY ‘EV; | TOTAL (BARN: | ELASTIC (BARN, | CAPTURE (BARN; |
e o e B e [ '
| 97.220 + | 114.8 | 25.84 | 83.92 |
| 121.82 | 103.7 | 2542 | 78.23 |
| 151.91 | 93.73 | 24.98 | 68.74 |
| 189.88 | 84.84 J 24.53 | 60.31 |
| 237.35 | 76.89 | 24.08 | 52.84 |
| 29%6.69 | 69.78 I 23.56 | 46.22 |
| 370.86 | 63.42 [ 23.05 l 40.37 [
| 46358 | 57.73 | 22.53 |  35.20 |
| s579.48 | 52.63 | 21.99 | 30.64 |
[ 72438 | 48.07 | 21.44 |  o6.62 |
| 905.43 | 43.98 l 20.89 | 23.10 |
[ 1000.0 + | 42.30 [ 19.50 | 2281 |
| 1280.0 | 33.82 | 19.03 | 13.79 |
| 1562.5 | 35.70 | 18.55 | 17.15 |
| 1953.1 [ 32.90 | 18.07 [ 14.84 |
| 2441.4 | 30.39 | 17.58 I 12.81 |
| 3051.8 | 28.14 | 17.09 | 11.05 ]
| 3814.7 | 2611 I 16.60 | 9.515 ]
| 4768.4 | 24.29 | 16.10 | 8.185 |
| 5960.5 [ 22.64 | 15.61 | 7.033 l
| 7450.6 | 21.16 | 15.12 f 6.040 |
| o132 I 19.81 | 14.863 ] 5.186 |
| 10000.0 + | 19.41 | 14.47 | 4.940 |
fom e e e B Pttt o +

* THIS POINT IS ENERGY NODE POINT WHERE UNRESOLVED
RESONANCE PARAMETRE IS GIVEN IN FILE-2.
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The code had to be changed to follow the correct processing indica
tions. That is. firstly the code generate the cross sections at the
node: c¢nergy  points. and  the next if the generated ones are not
lino i ly inberpolable according to the interpolation code assigned Lo
this onergy ranec then it gencerate the lincarly interpolable crouss

seclions using, the generated cross scclions at the Mirst step.

3 Relatioms between Lhe node energy points of  the resonance  para
metors and Lhe energy poinls of the Moour cross scctions

Thee cnvrsy points of the cross scelions generated in the unresolved
ratge are the same as the node energy poinls in principle. although in
some cascs o Tiner mesh cross scections might be generaled as stated 1n
Lthe previons scetion, For Lhe case when Lhe node encrgy  points  and
floor  cross @ection  encrpy poinls are coinside. this is tor Lhe case
of FNDI" P. there are no problems. Bul. when Lhey are not  coinside
this may  happen frequently in the case  of JENDI.. we found a big
problem. ITn JENDEL library. to represent the fine slructure of unre
solved  rangc cross sections. detailed struclured data are usually
defined by Lthe flovor cross seclions. Thus the coincidence between the
unresolved resonence energy nodes and the Mloor corss section grids is
not always expected. more over tL is betler to think that the two
erids  are defined independenlly in JFNDI.. For such a cae. the code
UNRESR could not treat the floor cross sections correctly. UNRESR  add
floor cross sections only at the unresolved resonance encrgy node. and
neglect other cnergy points data of the fine floor cross sections. An
example for Lhis case is given in Fig.3.8 for the total cross seclions
of U 23L of JFNDL. 2 ‘MAT 2923 . 1In this figure. UNRESR generated
cross seclions are shown by a line with clrcular marks and the
RIECINTJ s onces are shown by a line with triangular marks. Obviously
INRISR - gencrated ones have a lesser pointls and il comes from neglect
of the finer floor cross sections as seen in Fig.3.9 and 10. Thus We

changed Lhe processing logics of the UNRESR at this point.

-4 Pnerey  range  problem  of the individual nuclides for the natural
elemenls.

For tha natural elements for which several nuclides are contribut
ing. especially Mo O of JENDL 2 data. the different unresolved energy
range delinition of each nuclides produces a large difficulty for the
processing by UNRESR.
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Table 3.6 FEnergy range defined for unresolved resonances of each

nuclides for Mo QO -natural: of JENDL. 2

Isotope Unresolvaed Fnergy Range

Mo 92 50 keV oo - 100 keV

Mo O4 20 keV 100 keV

Mo @ 2 keV 50 keV

Mo 19 keV 100 keV

Mo g7 18 keV 50 keV

Mo 98 32 keV 100 keV

Mo 100 26 keV 100 kv
For such case. UNRESR  treals as the unresolved range for the first
encountored one. 1.e.. in this case 90 to 100 keV., this produces

miss consliucled cross sections. Bul such data representation is also
forbidden in ENDF B convention. It is highly requested to represent
the same ecnergy range for the resonance range. i.e.. lower limit of
the resolved range and upper limit of the unresolved range should
coincide. For this case upper limit of each niuclides should be the
same, in this sense the data is not valid.

In any way. it does not produce correct cross sections. For such
nuclides. we have to calculate each isotope separately and to sum up

them with their abandances aftler the processing.

7iv - Problems of the JENDL 2. 3 PRl and PRZ2 encountered for the
processing by PROF GROUCH G B code 3 .

Here main discussions are placed on the processing for the

energy transfor matrices.

1 .. too much precise Filed angular distribution data
In the cross section evaluation for the energy range where the
experimental data are not available. theoretical ' calculation is
usually applied. Some times evaluator use the direct output from the
theoretical code not considering the output quality. In such a case.

very slight anisotropic data are introduced as the file4 data. These
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data are not useful but rather harmfull for the actual data. Because
in effect they are not so different from the isotropic one but the
processing code could not recognize it and the codc process them as if
anisotropic case. As a result relatively largc amounts of the computer
resources are thrown away for the anisotropic treatment.

Thus it is recommended in inelastic case thal 1f anisotropy 1is
less than 5 %. give them as isotropic one. That is. it is requested to

use the simple expression considering the data quality.

2. wrong data representation for Fileb energy distributions
JENDL 2 data somelimes violate the ENDF B format regulation for
FILED: energy dislribution data. Thus it resulted in the unacceptance
of the JENDL file for the usual ENDF.B processing code like MINX or
NJOY other than PROF-GROUCH G B.
a. Consistency between the energy mesh in the partial sections
In JENDL. file. the energy distribution data are frequently repre
sented by several partial sections. and the encrgy mesh for each
partial seclions is given rather arbitrary. Bul such definition of the
energy mesh is not supported by the regulation. That 1is., it is
requested that the same energy mesh should be uscd in cach sections.
JENDL violate this law several times.
b. Representation for the exit neutron encrgy distribution function
All secondary energy distribution must start and end with zero
values for the distribution function in order to define the distri
bution in a consistent way. JENLL file sometimes violate this regula
tion. and this leads to miss interpolation of exit function between
the incident energy mesbes and ihus normalized exit function is no

more guarantced.

(3. problems relating to the adoption of Filet: energy -angular
co related distributions

In JENDL 2. -3 PRl and PR2 files the adoption of FILE® data is
actualized for the first time in the world. For the processing of this
data, a module of FILEB processing, has been developed for PROF-GROUCH-
G.B ,/3.. Up to now. there are very few of the code available for FILEB
processing. This is one of the problems. Even if the data are prepared
in JENDL. no processing code for this data results in the same result
as no evaluation for this data. The avairable data in the world for

FILEB format is shown in Table 3.7.
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Table 3.7 Avairable data of FILEG enerpgy angular distributions

in the evaluated data files in the world

Evaluated File MAT Z-A MI

1 ENDL 82 3003 1H? 16 n.2n:
2 JENDL 2 2012 1H2 16 :n.2n:
3 JENDL. 3 PRI 306 3L16 186 in.2n:
4 T 306 3L16 91 «n.n’

5 307 3LiY & n.,2n.
6 307 317 91 n.n":
7 JENDI. 3 PR? 306 3146 16 n.”n-

As seen from above table. very few data arc available. Probably it
will not produce the strong intention for the development of fileB
processing module from such a scarse fileB data in the world.

Instead of the adoption of FILEB. product data presentation by
FILE4 and FILES was usually taken for this purposc up to now. But by
using this FILEB format. rigorous treatments are now possible for the
many body break up process of light nuclides such as Li 6 /n.2n. case.
From the situation of the present possibility for the un -availability
of the FILEG processing code, JENDL gives also the FILE4 and FILES
data at the same time for the reactions to which the FILEB data are
given.

But this is a violation to the rule of data uniqueness. Which one
should be used FILEB or FILE4 & FILES for thisreaction? In some
processing code. the possibility for double counts comes out for the
reactions where FILEB and FILE4 & FILES data are given. Therefore if
the FILFEG data are given for some reaclions, no data should be given

for FILE4 and FILES.

4. Miscellaneous Comments on the JENDL
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Here 1 give some comments on the JENDL. file

"1 MI' reaction assignment fot L1 6 n.alpha U cross sections
In JIRDL file. [0 6 n.alpho t reaclions Is assigned to MT 107. but
it 1s recomended to be  assipgned MI 10H  for  that reaclion. i.e. .
Li 6 n.t alphn. This 1s Llhe result from the fact that the reaction
products shoald be ordered as ascending mass number by FXFOR rule.
Examplos of current MT assicmment. for 1o 6 n. L alpha  reactions in

the evalnated nnelear data files are listed n Table 3.8,

Tablee 3.8 Cirrent MI assipnment for L1 6 n. U alpha reactions

tn the evaluated nuclear data files

Fvaluated fite Ml
1 JENDL. 2 107
2 JENDL 3 PRI 107
3 JENDLL 3 PR 10¢
4 ENDIC B 4 107
b ENDIFB S 105
6  ENDI. /8 105
7 ENDIL & 105
8  UKNDL. 107

As seon from  above table. newly evaluated oncs except JINDL are

adopting MT 105 assignmenl for 1 6 n. Ll plpha reaction,

2 . MAT numbor assignment procedure for JENDLL 3 PRI file

Af'ter Lhe opening of the JENDL 3PR1 data. L1 6 or 7 data MAT 306.
307  have been revised several times up to now but no explicite trace
for the revision are assigned. Thus is is very difficult to identify
vhat version was used especially for the already processed data as the
group constants.

To evadi- such confusion it 1s recommended to assign another MAT
number for Lhe every revised one or to assign a special index for the

trace of the revision.

(3. Mixed use of FILES and FILEA & FILES for the same reaction data
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Mixed usc of FILFG ard FILEA X FILED for Lhe same reaction is
completely forbidden by the vielalion of Lthe uniqueness of tho repre
senlation of Lhe process. Bul in JENDI. 3 PR1 and I’R2. this mixed use
1s taken. This may comes from the problom of the scarce availability
for the FILES processing code. In this mean it has the reason. Bul  in
some case  double  counts  problom may come on! {or the code wilh the
capabilily of FILIG processing.

It 1s recomzonded thal mixed use should be avioded.,  For  Lhe  cor
veneance Tor no FlLMB  processing  capabilily  code. Lwo version of
JENDLL 3 PR1 and P2 should be supplied, one is a formal  version with
FHES data and  the olher 1s a supplemenlary version wilhout FILFGS
1.e. . composcd from F1LEA X FI1LID data.

4 . Necessily for the information cenler of Lhe ovalualed dala

The evalnation and vwtilization of JENDI. 3 PRI and PR’ are alwost
perform<d by private basis and thus the informalion such as “when the
evaluation finished!”” . "is 1L revised again?” o “availabilily of  Lhe
file . ‘contents and  their feature’ eble. .. are nol known to the
general users ontside of Lhe swall privale communily. From Lhese facls
it is highly recomrended for Nuclear Data Ceonler of JAFRI to streng
then the Cunclions as the information center  for  the publicity of
these data and also for giving the information aboul the slatus of

these data betweon users and cvaluateors.
5. Conclusions

Briel outlines about the processing of Lhe nuclear data files  were
described. And at Lhe same time encounterod problems on the processing
ol the JENDLZ2. JENDI. 3 PRI and 3 PRZ?  Jenunesce  bFvaluated Neaclear
Data File version 2. version 3 preliminayy 1 and 2 file were
discusscd. Some recommendation to resolve the problems were also
shown. 1L was stressed that the coupling botwoen the processing code
and the evaluated nuclear data file becomes very Light and  Lhere  are
no almighty code applicable to all evaluated i1les even 10 for the

same formal system files.
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Original File

ENDF/B
File 3 General Interpolation Data

LINEAR (LINEALIZING OF FILE 3)

\\\\\\\ Linearlized Original File
File 3 lin-lin Interpolation Data
/////// Others are the same as Original File

RECENT (POINT ENERGY CROSS SECTION GENERATION)

Point Energy Cross-Section

PO for 0°K
Unresolved Resonance Data
&
Relevant Back-ground Cross
Sections
SIGMAL (DOPPLER BROADENING)

Point Energy Cross-Sections
for T°K

(EFFECTIVE CROSS SECTION FOR
UNRESR UNRESOLVED REGION)
Self-Shielded Effective
Cross-Sections for
Unresolved Resonance
Region at a Given Energy
Point.
( GROUP EFFECTIVE
PROF-GROUCH CROSS-SECTION )
-G/B
\\\\\\ Group Averaging of
Self-Shielded Effective
Cross-Sections.
Energy Transfer Matrices
in PL expansion.
Average of Pl coefficients.,
Fig. 3.1 Pre processing and processing systen low
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4., Double Differential Neutror Emission Cross Sections

at 14 MeV Measured at OKTAVIAN

Akito Takahashi
Department of Nuclear Engineering, Osaka University

Yamadaoka 2-1, Suita, Osaka-565, Japan

A review is given for double differential neutron emission cross sections
at 14 MeV, measured at OKTAVIAN since 1981l. Pertaining to fusion reactor
neutronics, the present status of evaluated nuclear data libraries (ENDF/B-1IV
and JENDL-3PR1) is shown by comparing with the measured data. As a result,
insufficient secondary neutron data are given in ENDF/B-1IV for D, Li, Be, B,
¢, F, Na, C1, Ti, Cr, Mn, Ni, Cu, Zr, Nb, Mo, W and Pb, although the data for
N, O, Si, Al and Fe are fairly well evaluated. Significant improvements are

seen in JENDL-3PR1l & -3PR2.

1. Introduction

It has been pointed out1_4)

that double differential neutron emission
cross sections are quite useful in fusion neutronics transport calculations

as well as in re-evaluations of secondary neutron data for fusion-oriented
nuclear data libraries. At the intense 14 MeV neutron source facility OKTAVI-
AN of Osaka University, double differential neutron emission cross sections
have been measured since 1981, for 25 natural elements; D, Li, Be, B, C, N, O,
F, Na, Al, Ssi, s, C1, Ti, Cr, Mn, Fe, Ni, Cu, Zr, Nb, Mo, W, Pb and Bi. The
measured data have been mainly compared with the ENDF/B-IV data. Some of the
results were reported elsewheres-s). Tabulated numerical data are available
in Ref.5 or from the NEA Data Bank, for D, Li, Be, C, 0, Al, Si, Cr, Fe, Ni,
Cu, Nb, Mo and Pb.

In the present paper, a brief review is first given for the older works
as reported in Ref.5-7 and recent results are shown in comparison with the
ENDF/B-IV data in most cases. The status of the latest evaluated data JENDL-
3PR1 and -3PR2 is shown by comparing with the measured data for Li, Be, Cr,

Fe and Ni. A plan in future work will be mentioned at the end.
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2. Experimental

5)

A ring geometry & TCF method has been used as shown in Fig.1”". In order
to vary scattering angle, a ring sample (2 cm in minor diameter and 20 cm in
major diameter for most samples) is moved along the accelerator beam line.
Incident neutron energy changes from 14.8 MeV to 13.5 MeV, corresponding to
the change of scattering angle from 10 deg to 160 deg. Therefore, neutron
flight path changes around 9.5 m.

Pulsed D-T neutrons are generated with 1.5-3 ns width at the air-cooled
TiT target. Source neutron spectrum and angular dependence of yield are given
in Ref.6. Pulse repetition rate has been changed from 2 MHz to 125 kHz,
according to a set bias of a 5" dia 2" NE213 neutron detector.

Three kinds of bias setting have been tried for the n-y pulse shape dis-
crimination circuitsb); i) For the highest bias 2 MeV, single pulse shape
discrimination was used, ii) for the intermediate bias 0.3 MeV, two parallel
discrimination circuits having "low" and "high' gain respectively were active
and iii) for the lowest bias 0.05 MeV, three parallel discrimination circuits
could cover a wide dynamic range. Energy-dependent detector efficiencies
were experimentally determined by using a polyethylene scatterer and a Cf-252
spontaneous fission source, for the highest and the intermediate bias, and a
30 cm dia graphite sphere was used in addition, for the lowest bias6).

Absolute values of double differential cross sections were calibrated by
the elastic scattering of hydrogen using the polyethylene ring scattereré).

Scattering samples of chemical compounds were prepared for D, N, O, F,
Na and Cl, while metal samples were available for others. The experimental
condition of good statistics and high resolution made it possible to apply a
subtruction method to reduce an emission spectrum at specified angle for a
pure element from that of a compound molecule.

For correcting multiple scattering effect, a simple method based on the

5’6), but the
7)

one-point collision probability was used in the older works
method was revised to use the multi-point collision probability The corre-
ction often encountered with diffculty when the measured spectrum was drasti-
cally different from the used secondary meutron spectrum data (namely, ENDF/
B-1V), and became meaningless. However, in most cases the corrections were
within 10 % differences from uncorrected data, which could already be used

for comparison with calculated double differential cross sections from, e. g.,
ENDF/B-IV. The revised method of multi-point collision probability gives

larger corrections at back-ward elastic scattering, while smaller ones for

low energy neutrons in the 0.3-2 MeV range.

- 100 —
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3. Brief Review of the Older Experimentss’b)

Typical results are shown in Fig.2 through Fig.12, for important elemen‘s
; lithium (tritium breeder), beryllium (neutron multiplier), graphite (ref-
lector), lead (neutron multiplier), chromium, iron and niclel (structural).

Natural lithium ; As shown in Fig.2, measured DDX cannot be reproduced
at all by ENDF/B~IV which ignores the discrete level excitation of 4.63 MeV and
the kinematics of continuum neutrons from 7Li(n,n't) reaction. In low energy
part where (n,2n) neutrons are dominant, experimental data are significantly
higher than the ENDF/B-IV data, as shown in Figs. 3 and 4.

Beryllium ; Emission spectra from 9Be(n,Zn) reaction are very different
from those of ENDF/B-IV, as shown in Fig.5. The cxcitation of 1.68 MeV state
is not seen in the experiment. The experimental peak corresponding to the
0.76 MeV discrete level excitation is very broadened and no distinct peak is
seen at 11.28 MeV state. The recent evaluation by Shibatg)in JENDL-3PR1 seems
better than that of ENDF/B-IV, but there remains significant discrepancy, as
shown in Fig.6. The latest reevaluation in LLNLlU)fits our data very well.
Four sequential processes are taken into account for 9Be(n,Zn) reaction in
Ref.10, while only two in the JENDL-3PR1l evaluation. The agreement is consi-
derable in the lower energyv part than 0.5 MeV, as shown in Fig.7.

Carbon ; The ENDF/B-IV data cannot reproduce at all the measured spectra
except the elastic and the 4.43 MeV state peak, because the 7.65 and 9.63 MeV
level excitations are ignored. The ENDF/B-V data are much better, but dis-
agreement is seen in the lower energy part than 5 MeV at backward angle, as
shown in Fig.8. Angle-differential cross sections at 4.43 MeV state (integ-
rated value for the 4.43 MeV state peak in DDX) by experiment are somewhat
higher than those of ENDF/B-V in forward angles. The newly evaluated data in
JENDL-3PR1 are as good as ENDF/B-V.

Lead ; As shown in Fig.9, the ENDF/B-IV data give too soft spectrum for
the (n,2n) reaction and too high cross sections for the (n,3n) reaction.
Pb(n,2n) cross sections around 14 MeV should be re-~checked since the integral

11)

multiplication experiments have shown larger multiplication factors than

calculated ones by ENDF/B-IV.

Chromium; A new evaluation is made in JENDL—3PR112)

which reproduces
nicely the measured DDX, in contrast with drastic discrepancies given by
ENDF/B-IV and JENDL-2, as shown in Fig.lOlz).

Iron ; The JENDL-3PR1 data (solid curve in Fig.ll) as well as the ENDF/B~

L
IV data show good agreement with the experiment;z)
Nickel ; As shown in Fig.l2, significant improvement is made by JENDL-3-

—101—-
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pr11%)

, compared with the ENDF/B-IV data which give flat spectrum in the
4-11 MeV range and the JENDL-2 data which do not include the direct and

precompound contributions.

3. Recent Results

3.1 High Resolution Measvrements
The results of the older measurements have shown that the main causes of

disagreements with ENDF/B-IV data are attributed to the ignorance or insuffi-
cient evaluation of the direct and precompound processes in inelastic scatter-
ing. Especially, the experimental data have shown that there exist many dis-
tinct excitations of discrete levels in mediun and heavy elemerts. However,
identification of levels has been still difficult due to poor resolution and
insufficient statistics. Hence, the succeeded measurements after the older
ones have been conducted with the ccudition of better resolution and statis-
ticslj).

In order to study the spectral structures of inelastically scattered

neutrons in hipher secondary neutron energy range, DDX measurements were

12
carried out for pure or nearly pure isotope elements; sulfer (95.02 % j"S),
27Al, Iron (91.8 % 56Fe), 55Mn, 93Nb and 209Bi. Observed isolated peaks were
14)

analyzed by comparing with excitation levels given in Nuclear Data Sheet
As a result, it has become clear that the observed peak energies are corres-
ponding to some particular excitation levels in many given levelsl3).

Examples of measured DDX data are shown in Fig.13 through Fig.l1l6, res-
pectively for S, Al, Fe and Bi. For 325 in Fig.13, 2.23, 4.46 and 5.0l MeV
state peaks can be corrssponded to the 2+ state {one phonon quadrupole vibra-
tion), sum peak of the 2+ and 4+ states (two phonon quadrupole vibration) and
the 3~ state (one phonon octapole vibration). However, higher peaks (6.58,
8.27 and 9.20 MeV state) are not identified yet. Probably, all the peaks are
attributed to collective excitations. For 27Al, three peaks of 0.91, 2.17 and
2.99 MeV state can be corresponded to one phonon quadrupole vibrations, i. e.,
3/27, 7/2% and 9/2% state, but higher levels of 4.64, 5.54, 6.64, 7.45, 8.24
and 8.64 as seen in Fig.l4 are not identified yet. Identification becomes
difficult for odd mass isotopes because of phonon coupling with ground state
having non-zero spin. For 56Fe, one phonon quadrupole vibration (0.82 MeV state
2+) and one phonon Jctapole vibration (4.58 MeV state, 37} are taken into

12)

account in JENDL-3PR1 . In addition, peaks can be separated at 3.23, 5.29,

6.09, 6.49 and 7.94 MeV state. It is interesting that the 3.23 MeV is close to
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the pairing energy if the pairing vibration is excited. As shown in Fig.l6,
discrete excitations at selected levels are seen even for heavy nucleus like
209Bi which must have more than handreds of levels by statistical theory.

Observed peaks at 1.73, 2.68, 4.28 and 6.53 MeV state seem to be collective

excitations by either surface vibration or rotation of nucleus.

3.2 Comparison with Evaluated Data for Other Elements

High resolution measurements have been additionally carried out for
light elements (Li, B and N), medium ones (Na, Cl and Zr) and heavy one (W),
and compared with ENDF/B-IV, JENDL-3PR1 and -3PR2.

Lithium ; Measured DDX data are compared with JENDL—BPRllS)in Figs. 17
and 18, respectively for 45 dey and 135 deg. Peak at Q = -2.,15 MeV is coming
from the first excited state of inelastic scattering of 6Li. JENDL-3PR1 data
reproduce well the experimental up to the Q = -4.63 MeV state of 7Li(n,n't)
reaction, below which disagreement is ohvious and the experimental shows two
additional discrete level excitations, i. e., 6.68 and 7.47 MeV level. Hence,
the continuum spectra of 7Li(n,n't) neutrons in JENDL-3PR1 should be altered.
Comparisons with the latest JENDL-3PR2 datalé)are shown in Figs. 19-a, b, c
and d. JENDL-3PR2 data are reproducing quite well the measured data for every
scattering angle, in contrast with the disagreement with the ENDF/B-IV data.

Boron ; An example is shown in Fig.20. The experiment clearly shows that
emission spectra are expressed by gathering discrete level excitations; 2.12,
4.45, 5.02, 6.74, 9.19, 10.6 and 11.5 MeV level excitations by llB(n,n‘) are
distinguished by the experiment. The ENDF/B-IV data are unreasonable due to
the statistical model calculation.

Nitrogen ; To make a ring scatterer, ZrN powder is contained in a ring
case of thin aluminum. DDX data for nitrogen are ontained by subtructing the
contributions of Zr and Al, as shown in Fig.21l. The results are compared with
the ENDF/B-1V data, as shown in Figs. 22-a, b and c for three angles. By ex-
periment, 5 discrete-level excitations could be distinguished; 2.3, 3.9, ©.0,
5.7 and 7.0 MeV state. For these levels, the evaluation of ENDF/B-IV seems to
be satisfactory, though the experiment gives higher values for the integrated
values within the energy interval from 8 to 13 MeV at forward angles (see Fig.
22-a). Below the 7.0 MeV state, disagreement between the experiment and the
ENDF/B-IV data should be marked.

Sodium ; An example of measured DDX at 60 deg is given in Fig.23, in
comparison with the ENDF/B-IV data. Drastic disagreement in the 6-13 MeV range

is due to the neglection of direct and semi-direct processes in ENDF/B-IV.
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Chlorine ; A ring sample ot CCJQ contained in a thin Al case was used.

By subtructing carbon DDX, sufficiently accurate DDX data tor chlorine were
obtained. An example at 4, Jep is shown in Fie.J4, in comparison with the
ENDF/B-1V data which are unsatislactory excepe the olastic peak.

Zirconium ; An cexample of the results i< shown in Fio.25. Since the
multiple scattering correction is ditticult in the 8-13 MeV range, it is botter
to adopt the uncorrected Jdata (black dots) in this range and corrected data
can be adopred for others. Vhree distinct peaks (2.186, 2,748 and 4.04 MoV
state) in the experimental data seem (o be coming from the collective excita-
tion of onr which is existing bv 51.5 % in narural sample. Due to the eftuct
ot other isotopes like qer(ll.J 2, qZZrkl7.l .) and galr(li.é "), other
pussible peaks than the three are not separable. Evaluation ot these collective
excitations is not done in ENDF/B-1V, which reproduces verv ditterent DDX trom
the experimental one as shown in Fig.25

Woltram ; The result tor wolfram brings us «imilar discussions Lo the

discussions tor zirconium, as seen from Fig.2o, Since there is no dominant

. . 182 . 183 L 184 5
isotope in a4 aatural woltram sample ( W o= 26038/, W= l4.3 7, "Moo= 30,7
186 i . . . i X
and W 28.0 7)), no distinct peaks are obvious in the measured spectrum.

However, it can be predicted from the results of pure isotope samples like
ZUqu that the structure of measured spectrum in the 8-13 MeV range vl lects
the superposition of many collective states ol 4 wolfram isotopes. Hence the
missing data in ENDF/B-1V in that energy range should be added bv evaluating

the direct process of collective excitation, rather than the precompound

process which mav contributes a little.

4. Concluding Remarks

DDX data around l4 MeV incident neutron energy have been measured for
25 elements at the OKTAVIAN facility. These data have been quite useful to
point out guide lines for re-evaluating evaluated nuclear data libraries like
ENDF/B-1IV and JENDL-2, although the incident neutron energy varies with the
change of scattering angle. Through the comparison work with available evalu-
ated nuclear data libraries, we can say the following for the status of

ENDF/B-IV and JENDL-3PR1;

Status of ENDF/B-1V:
a) Sufficient; Al and Fe
b) Fairly well; N, O and Si
c¢) Insufficient; D, Li, Be, B, C, F, Na, S, €1, Ti, Cr, Mn, Ni, Cu, Zr,
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Nb, Mo, W, Pb and Bi.

Status of JENDL-3PR1;

a) Close to sufficient; C, Cr, Fe and Ni
b) Fairlv well; Li and Be

Status of JENDL-3PR2 for Li is satisfactery.

[t has become clear that the direct and semi-direct processes are import-
ant for the secondary neutron cmission data at 14 MeV., For heavier elements,
excitations of discrete and collective levels by inelastic scattering should
be further investipgated. It is expected to collect angular differential data
tor individual levels at specfied incident neutron cnergv. For light clements,
angle-energy correlation data (DDX) are important for continuum necutrons.
Hence, a high resolution DDX measurement with fixed i1ncident energy will be
required. A 90 deg 8 m TOF systew is nearly completed for this purpose at the
ORTAVIAN facility. Using this system, re-measurements will be done for some
at the 25 clements and new measurements will be started {or other elements

than the 25.
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5. Measurements of Double-Differential Neutron Emission

Cross Sections at Tohoku University

M.Baba
Department of Nuclear Engineering, Tohoku University

Aoba, Aramaki, Sendai

A brief summary is presented for measurements and analyses of double-
differential neutron emission cross sections for fusion reactor materials
performed at the Tohoku University Dynamitron facility, The experiments
and the typical results are described for 6’7Li, 9Be, C, 0, Fe, Ni

and Pb. The experimental results for emission spectra and scattering

cross sections are discussed in comparison with JENDL-3PRI.

1. Introductior:

The energy-angular double-differential neutron emission cross
sections (DDX) of fusion reactor materials are of prime importance
as the basic nuclear data in fusion reactor neutronics studies, since
they provide detailed informations for neutron scattering processes
required for neutron transport calculations. For light elements of
6’7Li, beryllium and carbon, the scattered neutrons exhibit strong
energy-angle correlation, so that precise DDX data are required. However,
the experimental data are very sparse, and theoretical calculations
are not successful in predicting either the energy distribution or
cross section. As for medium and heavy nuclei, while a certain amount

of experimental data have been reported, the agreements among the
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experimental data are not satisfactory owing partly to differences
in experimental condition such as incident energy and its dispersion.
Therefore, more experimental data with definite experimentul conditions
are required in order to improve the data reliability.

We have promoted a series of DDX measuremenls for fusion reactor
candidate materials using a time-of-flight spectrometer with a 4.5
MV Dynamitron accelerator as pulsed ncutron source, Table-1 presents
the summary of the measurements performed at the Tacility: the incident
energy ranges from several MeV to 20 MeV including 14 MeV.

In this reporls, we deal with the experiments and results that

vill be ot interest for the JUNDL-3PR1 cvaluation.

2. Experiments and Data Analyses

The experimental details have been described prnviuuslyl‘z’s’a>,
and are only outlined here.

The Tohoku University 4.5 MV Dynamilron accelerator provided pulsed
proton and deuteron beam, about 2-nsec duration and 1 or 2 MHz repetion
rate, lor neutron production. The primary neutrons were obtained via
the p+T and d+D reaction using a Ti-T and deuterium gas target,
respectively, at MeV region and the d+T reaction at 14 to 20 MeV.

In Fig.l, schematics of our experimental setup are shown. The
upper one shows that used for 14.1 MeV measurements: the sample and
neutron detector were placed on the plane perpendicular to the incident
beam axis, the scattering angle was varied by rotating the sample around
the target. In this geometory, the neutrons incident on the sample
have well defined energy of 14.1* 0.15 MeV, which is the mean energy
of the neutrons emitted from the d-T fusion reaction. The lower one
is the usual neutron scattering geometory and was employed for measurements

at energies other than 14,1 MeV. The flight path length was 4 to 8 m.
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The secondary neutrons are detected by a massively shielded NE-213
scintillator, 5" in dia. and 2" thick, equipped with a pulse shape
discriminator (PSD). A standard T-O-F electronics setup was employed
for measurements using a timing discriminator and a PSD with pulse-hcight
dynamic range of 1000 and 400, respectively, to permit measurements
from 300 keV to 20 MeV in a single run., The T-0-F data were accumulated
with a two—biasa) or dynamic biasings) method to obtain a smooth detector
efficiency curve, and improved timming resolution and S/N ratio in
high energy region,

The scattering samples were of righl cylinder, 4-cm long and 2.5
to 3.5-cm in diameter. The absolute value of cross section wags determined
relative Lo the hydragen scattering cross nnctjon.é)

The measured T-0-F data were corrected lor backgrounds, detector
efficiency and sample-size effects. For the background correction,the

following contributions were taken into consideration: 1) sample-out
background, 2) background due to parasitic source neutrons, 3) the
effects of degraded neutrons via the scattering by the target assembly
and  shadow bar. The neutron tartget was designed to be of low-mass
construction to reduce the neutron scattering at the target; it produced
negligibly small backgrounds by target scattering. The effects of shadow
bar scattering proved to be very small from the measurements of the
emission spectra from hydrogen and carbon which emit no or very little
neutrons of continuum. The data correctoion for sample-size effects

8). It was

was performed using the Monte-Carlo7) and analytic method
noted, however, the simulation based on the currently available evaluated
data did not necessarily provide realistic results: therefore, it was
necessary to prepare a data sets on the basis of our or other

experimental data in order to improve the simulation and correction.

Finally, partial values of scattering cross sections and spectrum
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shape parameters were extracted from the emission spectra through the

?) and saLsi0l,

data analysis using the spectrum fitting programs RANSER
The experimental uncertainty was evaluated considering the
contributions from 1) counting statistics (2-30%), 2) absolute

normalization (4-5%), 3) detector efficiency (5%), and from 4) sample-size

correction (1-10%).

3. Results and Discussion

In this section, we present typical results of measurements and
analyses, and compare them with the corresponding values derived from
the JENDL-3PR1. The present experimental results at 14 MeV were in

11)

general agreements with the ring-sample data at OKTAVIAN of Osaka

University.
(1) 6,7, 2,4,12)

The present results of emission spectra and partial values for6’7Li
are illustrated in Fig.2-5, compared with the evaluated values. The
JENDL-3PR1 evaluation gives much improved reproduction than ENDF/B-IV
and JENDL-2, however, appreciable disagreements with the experiments
are still found as the followimg: 1) the evaluated energy spectra at
14 MeV are markedly harder than the experimental ones, 2) MeV DDXs
show similar features, 3) the evaluated angular distribution and magnitude
of inelastic-scattering cross sections are not consistent with the
measurements, and &4) the experiments indicated excitation of higher
levels not considered in JENDL-3PR1,

The continuum emission spectra are composed of neutrons via the
(n,n'x)a and (n,2n) reactions, and the enhancement of low energy neutrons
in the experimental spectra is considered owing to (n,2n) reaction.

In JENDL-3PRl, ordinary phase-space distribution is assumed for the

neutron spectra of these reaction. As shown in Fig.4, the emission
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spectra are interpreted much better by adopting a Coulomb distorted phase-space

13) and a evaporation spectrum for (n,n'X)a and (n,2n) neutrons,

madel
respectively, in place of phase-space model in JENDL-3PR1. The angular
distributions of inelastic-scattering cross sections were found to be analysed
successfully with a coupled channel optical model aver wide range of incident
energy.a’lz) The problems cited above will be taken into consideration

in the new evaluation for JENDL-3PR2, and the evaluation details will be

described by S.Chiba in this proceedings.

(2) Beryllium 1

The measured DDXs and partial cross sections are presented in Fig.6-B,
along with the evaluated values. The beryllium emission spectra are
characterized by a large amount of continuum neutrons due to multi-particle
decay processes reaching to (n,2n) reaction. As shown in Fig.é, there appear
discrepancies between the experiments and JENDL-3PRI1.

1) The inelastic-scattering from the "1.7 MeV level" was not observed
in the experiment, whereas substantial cross section is given to this branching
in the evaluation, 2) The experiments indicate notable excitation of 3.0
MeV level, while it is neglected in the evaluation, 3) In the experimental

ll), the discrete inelastic peaks from

spectra at 14-MeV by Takahashi et al
levels higher than 4 MeV are greatly smeared compared with the evaluated

ones. These differences are not attributed to the problem in energy resolution,
but are likely due to inherent nature of the reaction. Taking accounts of
level width of these levels and of simultaneous break-up process would lead

to improvement. The inclusion of level width has been performed in recent

14)

LLNL evaluation resulting in very good agreements with the experiments.
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(3) Carbon 15,16)

The experimental results of DDXs at 14.1 and 18.2 MeV are compared
with the JENDL-3PR1 and ENDF/B-V evaluation in Fig.9. In lower energy region
of energy spectra, there appear "continuum" neutrons produced via the break-up
processes resulting in (n,n')3a reaction. From the data comparison, the
following problems can be pointed out for the evaluated data.

1) The low energy parts of emission spectra are not described
satisfactorily by either JENDL-3PR1 or ENDF/B-V. The problem will be reduced
to, 2) the cross sections of the second ((G=-7.6 MeV) and third (8=-9.6 MeV)
level, and 3) the spectra and cross sections of "continuum" neutrons, Fig,10
shows the evaluated inelastic-scattering cross sections for the second and
third levels are in marked disagreements with the measurements. In particular,
JENDL-3PR1 evaluation overemphasizes the third level cross section considerably
at 14.1 MeV. The “continuum" parts of respective spectrum are fitted with
a evaporation spectrum assumed in JENDL-3PR1. The experimentally deduced
temperature, however, varies significantly with scattering angle probably
because of energy-angle correlation. Therefore, pseudo-level presentation
adopted in ENDF/B-V seems preferable for consistent description of these
neutrons.

4) As shoun in Fig.ll, the present values of the first level crass section
at 18.2 MeV largely differ from the evaluation, while they are in good
agreements with those by Thum et al.17) The coupled channel calculations
shawyn in Fig.12 give much better results than evaluation and seems useful
for cross section evaluation. 5) The present results at 14 MeV for the
elastic-scattering and first level cross sections, are respectively about

10 and 30 % higher than those by Haouat et al.lB), wvhile they are in fair

19). The reason for these discrepancies

agreements with those by Glasgow et al,
has not been well traced, whereas the cross section fluctuation observed

in the (p,p), (p,p') reactions might be of some concern,
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(4) Oxygen 15,16)

The results of DDX and inelastic-scattering cross sections are shown

in Fig.13-14, together with the evaluated data. From the data comparison,

the following can be pointed out.

1) In the energy region lower than 2 MeV, the measured DDX are notably
higher than the evaluated values, probably because of break-up neutrons
not considered in the evaluation.

2) Distinct disagreements are seen in the inelastic scattering cross sections
from the (6.05+6.13) MeV and (6.92+7.12 )MeV levels. The prcsent valucs
are considerably smaller especially for (6.92+7.12) McV levels. In aditlion,
the experimental angular distribution shows forward rise more than the JENDL-3PR1
values. The present elastic-scattering cross section is in fair agreement

with that of JENDL-3PR1 and Glendinning et al.zu).

(5) Fe, Ni
For these structual materials, new evaluation of JENDL—BPRlZl)
provided much improved prediction of DDXs than previous ones. However,
it showed appreciable disagreements with the data at OKTAVIANll), in
the angular dependence of emission neutrons. The present results of
DDX and anglular distribution of emission neutrons are shown in Fig.15,16.

ll), and show

They are in fair agreements with the data at OKTAVYIAN
similar but a little milder forward rise even for the low energy neutrons.
Therefore, the present data also show disagreements with JENDL-3PR1,
although they not final yet and may receive a slight revision. Final

results and detailed discussion will be presented later.

(6) Lead 22)

Lead is expected to be a major neutron multiplier in fusion reactor
blankets, so that the cross sections are required to be established

urgently. In particular, the cross sections and emission spectra of
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(n,2n) reaction are of interest. As seen in Fig.17,18, the evaluated
values for lead largely differ from each other, and none of them reproduce
satisfactorily the experimental cross sections and energy spectra of
(n,2n) reaction.

In the present syudy, therefore, DDX measurements and the theoretical
calculation were performed to determine the emission spectra and cross
sections of (n,2n) reaction. The calculation was made using the code
"GNASH" to take the preequilibrium process into accounts. The emission
spectra by the present measurements and (n,2n) cross sections measured

23)

by Frehaut et al. were analysed with the calculation. As shown in

Fig.17,18, the calculation using the optical model pectential by Fu

24) 25) reproduced

& Perey and the back-shifted Fermi-gas level density,
successfully both the (n,2n) cross sections and the emission spectra,
It was noted that the calculated neutron energy spectra were sensitive

to the level density function and parameters.

4. Summary and Conclusion

The measurements and analyses of double-differential neutron emission
cross sections for fusion reactor materials at Tohoku University were
reviewed and discussed in comparison with the JENDL-3PR1 and other
evaluations. The double-differential data proved to useful to obtain
a variety of informations for neutron emission spectra and scattering
cross sections, The data in JENDL-3PR1 showed several discrepancies
with the measurements in neutron emission spectra and inelastic-scattering
cross sections, which should be solved in the new version of the
evaluation.

The DDXs for light elements are characteristic of individual nucleus
and are difficult to be followed with a unified model; the experimental

informations are essential. The energy-angle correlation plays an important
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role and is to be considered exclusively for DDXs for light nuclei.
Optical model calculations were applied with success to Li isotopes,
carbon and seem to be useful for high energy cross section evaluation,
even though the physical ground is not sound for application to light
nuclei. The angle dependence of emission spectra observed for Fe and

Ni will be interesting from the theoretical point of view, and will

be traced in more detail. The measurements and analyses for lead brought
an improved interpretation;this procedure will be worthwhile for further

data refinement.
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I1T. 1Integral Experiments: Experimental Results and Analyses

1. Nuclear Data Testing on integral Experiments of Lithium Spheres

K. Sugiyama, J. Yamamoto* and T. Iguchi**

Department of Nuclear Engineering, Tohoku University

Aramaki-Aoba, Sendai

Uncertainty on the neutron nuclear data of lithium isolopes is discussed
concerning with integral experiments using two kinds of lithium spheres,
40cm and 120cm in diameter. Experimental resuits of neutron leakage
spectra and tritium production rates indicate that the cros section of
7Li(n,n'O()T in the data file JENDL-3 PR2 is prefered in compararison with
the values in ENDF/B-~IV, and there are some discrepancies for the (n,2n)

cross sections of lithium in both files,

1. Introduction

Joint study of university faculties in Japan were programed concerning the mesurements
of the basic blanket parameters for controlled thermonuclear reactor such as tritium
production rates, nuclear heating rates and so on, using 14 MeV intense neutron source
facility OKTAVIAN Y
testing the accuracy of the cross sections for neutron induced reactions in lithium isotopes
(6Li and 7

spherical assemblies contained natural lithium which are 40cm and 120cm in diameter, were

at Osaka university. Results from these experiments provide also for
Li } as well as neutron transport calculations. For the purpose, two kinds of

designed and constructed, The details of the assemblies and the experimental arrangements
have been reported elsewhere?) Present paper describes the results on the nuclear data
deduced from the integral experiments such as neutron leakage spectra using neutron

time-of-flight and tritium production rates at lithium samples in the sphere.

2. Experimental Results

2.1 Neutron leakage spectra from the spheres

Measurements of neutrons leaked from the each sphere have been carried out using a

* Department of Nuciear Engineering, Osaka University

** Department of Nuclear Engineering, Tokyo University
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time~of-flight technique in experimental arrangement as shown in Fig. 1.
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Experimental

results are illustrated in Fig. 2 for 40cm sphere and Fig. 3 for 120cm sphere, along with

calculational results using transport code NITRAN

3} with ENDF/B-IV and JENDL-3 PR 2.

Heutron Paroffin Heovy Lithium OKTAVIAN
derector cancrete sphere beom Ilne
\ )
ordinary 1-torget \ .4
concrete 1
7 4 5 u 3 I ! T
fain-shield Colllmgtor
Fig. 1. Experimental arrangement for measurements nf neutron leakage spectra,
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Fig. 2. Neutron leakage spectra from the 40cm lithium sphere.
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Fig. 3. Neutron leakage spectra from the 120cm lithium sphere.

There are generally agreements between the measured and the caluculated spectra.
For detailed comparison of these results, it is interested to illustrate the ratio of both values
as Figs. 4 and 5, It is found that there are some discrepancies between the measured and
the calculated values at the regions of the elastic and the resonance scattering. For 40cm
sphere, the inelastic peak through the 4.63 MeV state of 7Li which is important for tritium
production is obiously improved in the JENDL-3 PR1 evaluation, and difference at the low
energy region would be caused by inadequate cross section for the (n,2n) reaction. Peak
around 3 MeV is caused by d-d neutrons. For 120cm sphere, large difterence are found in
the region around 8 MeV, 1 MeV and below 0.2 MeV. Although any attempts of
interpretations for these dicrepancies were made, they are not yet clear. Experimental
arrangement which has been detected neutrons leaked from limited area in the front of
sphere by a precollimater, and its calculation by neutron transport code should be cheched.
The resuit would be influent on inadequacies of nuclear data such as angular dependence of

neutrons from the scattering and the (n,2n) reactions.
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Fig. 4. Calculated / Measured on leakage neutrons from 40cm sphere.
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Fig. 5. Calculated / Measured on leakage neutrons from 120cm sphere,
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2.2 Activation rates in the lithium sphere

Activation rates have been measured for several kinds of foils and lithium
carbonate pellets in the 120cm lithium sphere. These samples were embeded at
the radial positions directed to 0°, 45° and 9)0" with respect fc deuteron beam

incident into tritium target in the as,semblyi2 The calculations have also been

made by the Monte Carlo code MCNPu) with pointwise cross section libraries
produced from ENDF/B-V dosimetry file for the reactions 1151n(n,n'), 27Al(n,d),
90z (n,2n) and 7>Nb(n,2n), but ENDF B4V and JENDL-3 PR 1 for the &7Li(n,n'a) t
reactions, In these computations, one-dimensional spherical geometry has been
adopted, where the input source neutron spectrum has been changed depending on
each direction to be compared. Results are illusted in Figs. 6(a) to 6(f), as
reaction—rate ratio in order to reduce the neutron source anisotropy etfects. It
reveals that agreements between the measured and calculated results are fairly
good except the 7Li(n,n'ot)t reaction based on ENDF/B4V cross sections., This

disagreement on the reaction is improved by using the JENDL-3 PR1 cross

sections,
(a) “Li{n, )T *'Nbin, 2n) (b) ‘Liln n"2} T "'Nb(n, 2n)
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Fig. 6. Reaction—rate ratio in the lithium assembly,
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Fig. 6. Reaction—rate ratio in the lithium assembly.
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2.3 Tritium breeding ratio

Tritium breedng ratio in the 120cm lithium sphere has been deduced from the
tritium production rates measured on the lithium carbnate peliets at the radial
positions in the assembly, The calculations have also been performed using
neutron transport codes, ANISN and NITRAN, associated with nucliear data,

ENDF /B4V, GICX-FNSS) and JENDL-3 PR1, Resuits are presented in Table 1,

Table 1. Tritium breeding ratio in the 120cm dia (50cm thick) lith:um sphere.

Experiment* Cal-1 (C/E) Cal-2 (C/8) Cal-3 (C/E)

T-6 0.239=0.014 0.252 (1.05) 0.262 (1.09) 0.249 (1.08)
T~7 0.495=0.030 0.526 (1.06) 0,606 (1.22) 0.507 (1.02)

Total 0.734:Q.050 0.778 (1.06) 0.863 (1.18) 0.756 (1.03)

* Averaged vaolue of 0 ond 90 deg line measurement
Cal-1; GICX-FS + ANISN

Cal-2; ENDF/B-1V+ NITRAN Col-3; JENDL-3PR]+ NITRAN

3. Conclusions

Precise coparisons between the measured and calculated values have been
carried out on the neutron leakage spectra and the reactionvate ratio data and
tritium breedng ratio in the 120cm lithium sphere, in addition to the neutron
spectrum leaked from the 40cm lithium sphere. It is obviously concluded that use
of nuclear data JENDL-3 PR1 or PR2 is preferable to predict the tritium breeding
ratio in the lithium assembly rather than the use of ENDF/B-V. We expect more
improvement for the cross section and angular distributions in the elastic

scattering and the (n,2n) reactions in lithium nuclides.
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2. 14 MeV Integral Experiment at OKTAVIAN

to Check Differential Data of Secondary Neutrons

J. Yamamoto
Department. of Nuclear Engineering
Faculty of Enginecring, Osaka University
Yamadaoka, Suita-shi, Osaka 9565, Japan
. 12, . 7.

Nifferential dc.a for Fe and Pb in ENDF/B-TV, ¢ oin B=V, and Li in
B-1V, JENDL-3PR1 and PR2 were checked with regard to sccondary neutron
spectra from {n,n'}) and (n,2n) reacilons by 14 MeV neutrons, This
verification was done by making use of neutran energy spectra meastured in

14 MeV intopral eoxperiments at the OKTAVIAN facilily of Osaka University.

In romparison with transport calculations by 1-D Sn c¢nde NITRAN, ttowas
pointed out that there are some uncertainty in emission spec’ra from (n,2on)
veaction with high onergy threshold.

1. Introduction

Integral experiments have been carrying out focusing on two fundomen-
tal measurements: reaction rats and neutron energy spectrum, since fusion
neutronics studies using 14 MeV neutron source OKTAVIAN were started in
1981. Recent works in the integral experiments will be reviewed in the

following and the results until the first half of 1984 can be referred in
(1,2)

OKTAVIAN reports . Measurements of neutron spectra and tritium

producticn rates in a natural-lithium sphere of 120 c¢m in diameter have
(

been performed as a inter-universities program in Japan‘3). Analyses by

iransport codes have been done using the nuclear data files of JENDL-3PR1
and ENDF/B—IV(A). Another measurement of tritium production rates has
been done using a natural-lithium slab with graphite reflector and compared
with transport calculations by the B-IV and the JENDL-3PR1 libralies(5).

A measurement of neutron energy spectrum in the OKTAVIAN facility has
been performing by almost using a pulsed neutron source and neutron time of
flight technique. Some neutron spectra measured in a integral experiment
with simple configuration give the useful information for the verification
of nuclear differential data concerning the energy- and angle-distributions
of emission neutrons from 14 MeV neutron-induced reactions. Such spectrum

measurements will be introduced in the following chapter and the

differential data in ENDF/B-IV, B-V, JENDL-3PR1 and PR2 will be discussed
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In comparison between the measurements and the transport calculations.

2. Measurements of leakage neutron spectra

Experimental arrangements for the measurements of leakage spectra are
shown in Fig.l, where (a) shows the arrangement for a spherical assembly
and {b) for slab one. In Fig.l-(a), "leakage current spectrum” integrated
over some emission angles on the surface of the sphere can be measured as
given in the following equation.

/
S

4‘7—1:(10 "//

M(E) = 7(E) I3 TR p EDZT - 4R

where f(R,P,E) is the anpular flux spectrum on the surface of sphere, Sd
the cross-sectional aren of the ncutron detector, Lg the flight path length
t'rom the center of the sphere to the detector, » the cosine of the emission
angle o4 , M(E)} the energy spectrum measured by the neutron detector.
Figure 1-(b) shows a setup for the measurement of "angular flux spectrum”
emitted from a slab.

The leakage spectira measured by the above arrangements generally will
have the specific structure to be sensitive to energy spectra and angular
dependences of secondary neutrons emitted from 14 MeV neutron-induced
reactions, if the TOF measurement will be done under the experimental

condition as follows:

(i) Test assembly with simple configuration and single component material,

(ii) A test layer correponding to the thickness of 0.5 up to 5 times as
long as mean free path (mfp) for a 14 MeV neutron,

(iii) Approximately mono-energitic neutron source,

(iv) Fast neutron spectrometry ranging from the order of keV up to 15 MeV.

The examples of neutron spectra measured under the condition are
presented in Figs. 2 and 3, where the secondary neutrons from elastic and
non-elastic scattering are dominant in measured spectra. Figure 2 shows
the angular flux spectrum for O degree from a graphite slab, of which
cross—-sectional area was 50 cm x 50 cm and 30 cm in thickness corresponding
to 3.4 wmfp. The structure appears as peaks by secondary ncutrons from
discrete level inelastic scattering of 12C by 14 MeV incident neutrons.

The peak at 10, 7 and 5 MeV respectively results from secondary neutrons
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from 4,43, 7.66 and 9.63 MeV excited states.

Figure 3 shows leakage current spectrum from a natural lithium sphere
of 40 cm in diameter. Natural lithium is contained with stainless steel
shell of 2 mm in thickness, and the thickness of lithium layer is 10 cm
(0.7 mfp). As for the secondary neutrons by discrete level excitations,
only one neutron peak by 4.63 MeV excited state of 7Li appears around 10
MeV. This leakage spectrum is just characterized by the energy
distribution of secondary neutrons from (n,2n) reaction of 7Li with 7.25
MeV threshold energy other than (n,n') reactions. Spectrometry of low
energy neutrons will be naturally required in the measurement of secondary
neutrons with increasing threshold energy. Bulk experiment by a sphere
with "thin iayer", thcrefore, will be available to check secondary neutron
spectra from high-threshold reactions because of the advantage to get the
good ratio of signal to noise (S-N ratio} in a TOF spectrum even at the low

energy region by surrounding the neutron source with the sphere.

3. Comparison between measurcd and calculated spectra

Table 1 1lists the kinds of slabs and spheres used in the TOF

7
measurements. Some differential data for 'Li, 12C, Fe and Pb will be
discussed respectively by the comparison work between measured and

calculated leakage spectra from a natural lithium, graphite, iron and lead

assembly. Transport calculations of angular flux spectra and leakage
current ones have been done by 1-D S5n transport code NITRAN(S) using 135
group cross section sets of DDX type. Nuclear data were provided from
ENDF/B—IV(7) for Fe and Pb, and B—V(B) for 12C. Energy spectra from

(9) (10)

lithium assemblies were calculated with B-TV, JENDL-GPR1 and PR2 ,

respectively.

Figures 4 and 5 present the neutron spectra calculated with B-IV in
comparison with measured spectra. The angular flux spectra are shown in
Fig.4 for iron slab and Fig.5 for lead slab, of which sizes were 40 cm x 40
cm and 10 cm in thickness. No obvious angular dependence can be observed
between the spectra for the emission angles of 45 and 135 degrees in Fig.4
except elastic scattering peak. Two calculated spectra for 45 and 135
degrees are in fairly good agreement with measured ones. Slight
undercalculation, however, can be seen in the energy range from 3 to 10
MeV, where secondary neutrons contribute from discrete level inelastic
scattering. Q-value of (n,2n) reaction of Pb is -6.73 MeV, so the

secondary neutrons from the reaction are distributed in the energy range

- 151~



JAERI-M 86-029

below 5 MeV on the angular spectra in Fig.5. The energy spectru measured
at 45 and 135 degrees is respectively harder than calculated one. It can
be, therefore, pointed out that the nuclear temperature of (n,2n) reaction
should be estimated to be higher than that derived from the energy
distribution evaluated in B-IV. The same result can be confirmed by
another measurement shown in Fig.6, in which leakage current spectrum from
a lead sphere is compared with calculated one. Neutron multiplication
factor by (n,2n) reaction of Pb could be obtained from this TOF measurement
(1) and the value for the sphere, of which diameter was 38 cm and lead
layer was 9 om in thickness, was 1.50 + 0.09. The factor by transport
calculation with B-1V was wvalued at 1.29, which undercalculated the
experimental value by 14 %. As for the differential data for lead in
B-1V, there are much uncertainty in both the cross section value of (n,2n)
reaction and the secondary neutron spectrum at 14 MeV.

Figure 7 shows the angular flux specira from a graphite slab.
Transport calculations were done by using the ENDF/B-V data instead of the
B-1V data, in which only the angle-dependent cross section data for l-st
excited level (Q=-4.43 MeV) are evaluated as discrete level inelastic
scattering. Good agreement can be obtained between measurements and
calculations by the B~V data evaluated in consideration of several branch
channels for (n,n' 3 alpha) reaction of 12C.

The JENDL-3PR2 library, which is a revised version of PR1, shows the
improvement for differential data of non-elastic scattering of 7Li. PR2
gives the anisotropic angle-dependent cross sections for discrete level
inelastic scattering of 0.478, 4.63 and 6.68 MeV excited states. The
other levels, that are pseudo levels binned in 0.5 MeV, are almost treated
as isotropic scattering. Figure 8 shows the ratio of calculated values to
experimental one for leakage current spectrum from the 40 cm lithium sphere
as shown in Fig.3. Drastic improvement can be seen around 10 MeV in the
leakage spectrum calculated by PR2. Figure 9 shows the comparison among
measurements and calculations by B-IV, PR1 and PRZ. Calculational model
of angular flux spectra was a natural lithium slab of 20 cm in
thickness(1.4 mfp). It is assumed that angular dependent cross sections
for -4.63 MeV in PR2 slightly underestimated at forward scattering angles
as shown around 10 MeV in Fig.9-(a}. Those in PR1 are evaluated as
isotropic scattering in CM system, so the considerable overcalculation can
be seen in backward spectra of 135 degrees and undercalculation in forward

one. Furthermore angular spectra by PR1 overcalculated the measurements
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below 5 MeV at both emission angles of 45 and 135 degrees. The reason can
be illustrated with Fig.10, which shows the energy spectra from (n,2n)
reaction of 7Li by a 15 MeV incident neutron. The spectrum in PR1 is
estimated rather harder than that in B-IV. Even the calculated spectra by
PR2 slightly overestimate the measured ones helow 5 MeV as can be seen in

Figs.3 and 9.
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Table 1 List of slabs and spheres for TOF measurement

Assembly ( Elesent) Steb Spbere Huclear data flie

C Enizsion dnglc(degrea) ) (Redius{cm] )
Natural Lithiwe C'L1,'L1 (55)) 0,45,135 20.60° PR1.PR2.B-¥
Crapbito ¢red 0,30,45.135 15.458 B-¥, B-V CPRL)
Iron (Fe) 0.30.45,135 —_— B-N CPR1D
Lead (Pb) ¢.30,45,135 13,18, B-N
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Fig.l Experimental arrangements for TOF measurement
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3. Comparisoeon between measurements of the Neutron
spectra from Materials used in Fusion Reactors

ang Caleulations using JENDL-3PRI

twiroyuki itashikura, Yoshiaki Oka,
A shunsuke Kondo
Kuaclear Lugineering Research Laboratory,
tadlversity of Tokyo

Pokal-mura, saka-gun, Ibarakl

Jinih =3Pt which 1nceludes very mmportant nuclides for
andlysis ! tusion blanket experiments has been already
tedeancd. the acenracy of the nuclear Jdata has been checked by
the corparison of the integral measurements with the calcu-
Tational resalts using JLNDL=3PRI. Several problems are pointed

[S1V RN
1. [ntroduetion

cuble Jdifferential neutron emission cross sections (DDX)
Lor rany olements have been recently measured at Osaka and
Tohoku University. The measured DDX data were compared with
the calculations based on ENDF/B-IV and JENDL—3PR1AJ Nuclear
data should be also checked by the comparison between the
integral measurements and the calculations since there are
often large uncertainties in the differential cross sections.
The integral measurements of neutron spectra are very useful to
detect specific energy range where the data are adequate or
not. The measurements of neutron spectra can complement the
differential cross section measurements.

The pulsed sphere experiments that were carried out by
L.F. Hansen et al.z) and H. Hashikura et al.3) have been used
4-9)

as the cross section benchmark tests. These experiments

measured the neutron spectra emitted from spherical targets
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bombarded with a central D-T neutron source. In this paper,

calculations are compared with the measurements from 2 to 15

6 7Li, 0, Fe, and Ni. Al1l calculations have been

10)

MeV on C, L1,

made with the continuous—energy Monte Carlo code MCNLD,

2. UExperiment

The measurenents have been carried out using the time-of-

flight technigues at LLNL and Osaka University. L= neutrons
are obtained from the 11d,n)4He reactions. A tritium-titanium
target was positioned at the center of the spheres. The

spectra measurements between 2 and 15 MeV were made using N~
213 scintillators. A tabulation of the spherical 1ssemblies
which has been analysed for the checking the nuclear data is

presented in Table 1.
3. Calculation

The calculations were carried out by the contintous energy
Monte Carlo code, MCNP with the fine energy structure of the
nuclear cross sections. Processing of JENDL-3PRl-formatted
data into MCNP - format was made using NJUYll). The advantage
of MCNP are that the multigroup aproximations are noi required,
all the reactions described in the nuclear data are accounted
for and the geumetries of the spherical assemblics are accu-

rately included in the calculations.
4. Results and discussion

carbon

The measured and calculated energy spectra are compared in
Fig. 1. The good agreement is shown in the energy interval of
12 to 15 MeV. The calculation slightly overest.mates the
measured flux around 5% MeV which corresponds to the inelastic
scattering to 9.64 MeV level. The (n,n') cross sect:.on to 2.64

MeV level is shown in Fig., 2, with the measured data. The data
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of JENDL-3PR1l agree well with the measured data by Antolkovic

12) The analysis of

but overestimate the measurement by Baba.
the integral measurement suggests that the measured data by

Baba is more realible.

lithium-6

Comparison between the measurement and calculation is
given in Fig. 3. The calculation shows good agreement with the
measurement above 8 MeV but overestimates it below B MeV. It
has been already pointed out that the reason the discrepancy is
attributed to the secondary neutron distribution from the
{(n,n'} continuum and {n,2n) reactions. The lithium-6 of JENDL~-

3PR1 has been revised and released as JENDL—3PR2.13)

lithium=-7

The result is shown in Fig. 4. The calculation agrees
well with the measured flux above 7 MeV and overestimates it
below 7 MeV. This shows the same result as that of lithium-6 in
JENDL-3PR1. Lithium-7 of JENDL~-3PR1l has been already revised
and released as JENDL-3PR2.

oxygen

Comparison between the measurement and the calculation is
shown in Fig. 5. Calculated result using ENDF/B-IV is also shown
in Fig. 6. Calculated results overestimate the mesured flux in
the energy region below 7 Mev. Cross sections at 15 MeV are
listed in Table 2. Hansen pointed out6) that, in ENDF/B-IV, the
total (n,n') cross section was right but distribution of the
cross sections among 21 levels was incorrect and in particular,
too much cross section was assigned to the levels between 6- and
10~ MeV excitation energy. In JENDL-3PR1l, smaller value of the
total (n,n') cross section has been assigned but the calculation
overestimates the measured flux. This indicates that, in JENDL-
3PR1, the distribution of the cross sections is incorrect and too
much cross section is assigned to the levels between 6- and 10-

MeV.
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iron

Fig. 7 shows the comparison between the measurement and
the calculation. The calculated result underestimates the
measured flux in the energy region between 10 MeV and 5 MeV and
an evident peak 1is observed around 9 MeV. Secondary neutron
spectra from the (n, n') continuum reaction are shown in Fig.
8, with those of JENDL-3PR1 and ENDF/B-IV. The small peak which
is observed in Fig. 7 corresponds to that in Fig. 8. This
indicates that the secondary neutron distribution from the

(n,n') continuum 1s incorrect.

nickel

The result is shown in Fig. 9. The calculated spectrum
agrees well with the measurement except for the energy region
around 13 MeV. The discrepancy is attributed to the large
values of the inelastic scattering cross sections to 1.33- and

1.45-MeV levels.
5. Conclusion

The analysis of the integral measurements has been carried
out using the continuous energy Monte Carlo code, MCNP. Some
discrepancies have been found by the comparison of the measure-
ments with the calculations. The present results should be

considered for the final version of JENDL-3.
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Table 1 Assemblies used for analyses.

Material Radius (cm);~7
Li~6 25.52
Li-7 25.52
C~Nat 20.96
t O-Nat 10.50
Fe-Nat 22.30
l Ni 16.0
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Table 2 Point Cross 3sections at 15 MeV for Q.
JENDL-3PR1 ENDF,/B4
total 1.76281 1.759
elastic 1.12148 1,068
nonelastic 6,40929~1
{(n,d) 1.58-2 1.222-2
(n,p) 3.53-2 3.3178-2
{n, Y) 8.500-2 1.0745-1
{n, ) 7.7867-3 9.9133-3
inelastic 5.08329-1 5.4033-1
o.049 2.5610-2 3.900-2
5. L300 3, 800-2 0,99-2
v.917 7.84403-2 2.36u4d-2
T.0169 3.05039-2 3.2982-2
3.372 v, 490]18~2 5.1208-2
9.063 3.28008-2 2.627-2
9.347 2.68%705-2 3.336-2
10. 3¢ 1.9919--2 3.3906-2
10.96 0. 8336-3 7.0902-3
11.03 1.3831005-2 3.5178-2
11.10 1.50041-2 3.0179~2
11.2¢6 6.6357-3
11.<4 3.9814-2
11.5 3.629-3 2.2361-2
11.60 2.89597-2 3.3997-2
12.05 1.98311-3 2.9088-3
12. 44 5.94501-3 4,9995-3
12.53 1.06532-2 7.0902-3
12.80 L.27127-3 9.09-4
12.97 5.94993-3
13.02 2.24-38~-3 3. 36-3
13.09 2.73778-3 1.4632-2
13.12 3.87787-3
13.26 8.13476~-3
13.45 1.1689-2
13.66 1.27149-3
13.75 7.409-3
13.87 1.05653-3
13.9% 1.86-3
14.3 3.0956-4
14.1 1.38015-~3 1.7207-3
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4. Clean Benchmark Experiments and Analyses at FNS

Hiroshu Maekawa

Japan Atomic Energy Research Institute
Tokai-mura, Naka-Gun, lbaraki-ken

Two types or clean benchmark experiments have been carried out at the FNS
(Fusion Neutronics Source) facility. They are integral experiments and time-
of-flight experiments. The former includes integral experiments on cylindri-
cal assemblies with: (1) 60-cm thick lithium oxide (Li,0), (2) 60-cm thick
graphite, and (3) 40-cm thick Li,0 followed by 20-cm thick graphite. Variaus
reaction rates such as tritium production rate and neutron spectra were meas-—
ured in these experiments. The time-of-flight experiments were conducted to
measure angle-dependent neutron spectra leaking from: (1) Li,0, (2) graphite,
and (3) lithium-metal slab assemblies. These experiments were numerically
analyzed by making use of the DOT3.5 transport code with newly processed 125-
group cross—section sets, i.e., .JENDL-3PRl, JENDL-3PR?, ENDF/B-IV, and
ENDF/B-V (12C only). 1t was found that the calculations based on JENDL-3PRI
and JENDL-3PR2 predicted tritium producticn rates of ®Li and 7Li better than
those based on ENDF/B-IV. These analvtical results are expected to provide
usctul information for the future development of the JENDL~3 nuclear data

file.

1. Introduction

Experimental examinations are required to verify the accuracy of both
calculational methods and nuclear data which are used in nuclear design and
analysis of a fusion reactor. The most suitable experiments for this type of
method/data verification are clean benchmark experiments on a simple geometry
with simple material compositions. Analyses of the experimental results are
expected to identify the accuracy as well as the deficiencles in the currently

available methods and nuclear data.

In this report the ¢ tlines of integral experiments and time-of-flight
experiments that were carried out using the powerful D-T neutron source FNS
are described, and comparisons are made with numerical analyses. The numeri-
cal analyses by DOT3.5 utilize multi-group cross-section sets. Upon the
generation of the group cross sections, two typeé of weighting spectra, viz,
1/E and flat weighting fuunctions, were used. Effects of these two different

weighting spectra will be also discussed.
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2. Clean Benchmark Expecriments

The clean benchmark experlments conducted at FNS include: (a) integral
cxperiments -- measurement of reaction-rate distributions and neutron spectra
in an assembly, and (b) time-of-flight (TOF) experiments -— measurement of

angle-dependent neutron spectra leaking from a slab assembly.

The integral experiments have been carried out on the follewing three

assemblies:
(1) bU-cm thick Li,0 cylindrical slab assembly (Li0 asscembly)
(2) byU-ca thick graphite cylindrical slab assembly (C assembly)

(3) 4u-cm thick Liy0 cylindrical slab assembly followed by 20-cm thick

graphite reflector (Li,0-C assembly).

Measured quantities and their methods are summarized in Table I, As Lhe
cxperimental results and comparison with pre-experimental analyses were
previously reported at meeting (such as the annual meeting of the .lapan Atomic
Finergy Society), the experimental details are not described here. Experimental

reports including digital data will be presented in a JAERI-M puhliration.(l)

Several observations have been made regarding the integral experiments.

They are as follows:

The geometries of he experimental assemblies were simple enough to
1) Tt jeometries of the experi tal bli wer impl wugh t

be accurately modeled for calculations.

(2) Measured data were absolute values; experimental data can be directly

compared with calculated results.

(3) various measured values, such as reaction rates having different

energy responses, give a lot of information.

(4) The experimental data weve consistent to each other; measured data

are reliable.

As with the TOF experiments, measurements of Li,0, graphite and lithium-
metal slab assemblies have been done. They are summarized in Table 1I. The
wotk on the Li,0 slabs(z) and its analysis(3> using DOT3.5 transport code(l4>
with the ENDF/B-IV nuclear data file has been published. A report on the
graphite slab experiment is in progress. In the case of the lithium-metal
experiment, the lower limit of measured energy was extended from 500 keV to

50 keV and the detector efficiency below 200 keV was required to process the
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measured data. An additional experiment is planned in the near future to
measure the efficiency curve. The final result will be obtained using this

efficiency curve.

3. Analyses of Experiments

In the present analyses for both the integral and TOF experiments, the
DOT3.5 code was used with the P5-S;; approximation. The cross-section sets
used were obtained from the nuclear data files of JENDL-3PR1, JENDL-3PR2Z,
ENDF/B-IV, and ENDF/B-V (only for carbon data) using the processing code
PROF-GROUCH-G/B (Ref. 5). These features are shown in Table IIL along with
the cross-sectlon sets used In the pre-experimental analyses. As the welghting
function, a Maxwellian distribution was used for the thermal group (125th
group) and a 1/E distributlon was used for the other groups in the JENGIX and
ENDGIX sets. A flat distrlbution was assumed in the JEFGIX set for 1 ~ 124

groups. )

The source neutron spectrum calculated by a Monte Carlo method(f’) was
adopted in the analysis of the integral experiments. On the other hand, the
measured source spectra were used in the TOF experiments. The GRTUNCL code
was used to calculate the first collision source for the succeeding DOT

calculations.

4. Results
4.1 Integral Experiments

The ratios of calculated~to-experimental values (C/E) for the tritium
production rate (TPR) of ®Li in the Li,0 assembly are shown in Fig. 1. The
experimental values have been corrected for self-shielding and room-return
effects. The calculation based on JENDL-3PRl1 predicted the experimental
values very well. The calculated value based on JENDL-3PR2 was a little
higher than that based on JENDL-3PRl. On the other hand, the result obtained
with ENDF/B-IV overestimated the experiment due largely to the incorrect
7Li(n,n’a)T cross section in this data file. The effect of the difference in
the weighting function betweer. the flat and 1/E was, however, small and within
%

The C/E values for TPR of ’Li in the Li,0 assembly are shown in Fig. 2.
The results calculated with both JENDL files agree very well with those of the
experiment. It is clearly observed that those with ENDF/B-IV overestimated

the experiment by about 20%. The result using the spectrum calculated with
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ENDF/B-1V and the 7Li(n,n"a)T cross section in JENDL was close to that using
JENDL itself. Therefore, the difference in the ’Li cross section has little

effect in the higher energy region.

As a typical example of high-eunergy threshold reactions, the C/E values
for the 37Al(n,u)2“Na reaction are shown in Fig. 3. Results calculated using
the cross—section set generated with the flat weighting lunction were smaller
than that using the 1/E by up to 3%. 1In the case of °8NI(n,2n)57Ni, the cal-
culation for the flat weighting function was smaller than that for 1/E by 2 ~
5%.  This fact suggests that the D-T source neutron spectrum should be used

tor the weighting function in the higher-energy region.

The tendency of the C/E curve of 238U(n,f) is similar to that of
?7AI(n,a)2"Na, tiough the measuring method tor them were quite different and
the data were obtained independently. The same tendencies are found in the
cases of  the € and Li0-C assemblies. The distributions of C/E value for
energy-integrated neutron spectra also show the same tendency. 1t can be con-

cluded that the oxperimental data are consistent to c¢ach uother.

In the ecase of 235U(n,f) which has a strong seasitivity to low enegy
neutrons, it becomes clear that the calculated result depends on the weighting
function.  The «/E values for 235U(n,f) in the < and Li,0-C assemblies are
shown in Fig. 4 and 5, respectively. Tt is clearly seen that the differences
between the two cross-section sets are more than 15% in the graphite regions.
The differences in the Lio,0 assembly are small in the case of 6Li(n,cx)T.
Because the neutvon population in the energy range below 250 keV is very small
in this assemblv, the following observations can be made from the present

analysis:

(1) The calculated results using the JENDL-3PR! and JENDL-3PR2 data sets
agree well with the measured tritium production rates of both 6Li and
TLi.

(2) The impact of the difference in the weighting spectrum is small
except some special cases such as 233U(n,f). The calculation is
expected to give falrly good values when it is made with a cross-
section set using the weighting function of a D-T neutron source
spectrum In a higher—energy region, a Maxwellian distribution in a
thermal reglon, and a typical fusion reactor blanket spectrum in the

region between them.
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4.2 Time-of-Flight Experiment

Figure 6 shows the measured spectrum for the Li,0 slab of thickness 5.06
cm and 24,9 deg along with the calculated spectra with JENDL-3PRI and
ENDF/B-1V. Figure 7 shows the results calculated with JENDL-3PRI and
JENDL-3PR2., The results with the three nuclear data files are almost the same
except near the peak at ~9 MeV. The peak corresponds to the first level of
inelastic scattering for ‘Li. It is clearly seen that the spectrum c-leulated
with JENDL-3PR2 substantially improves the accuracy and is almost satisfactory
in the region corresponding to the first level. The same tendencies are seen
in the other thickness and angles. There are some discrepancies in the
regions of elastic peak (14 MeV), near 4 and 1.5 MeV. Further examinations

should be carried out for the evaluation of these nuclear data.

For the graphite slabs, experimental results for 5.06-cm thickness and
2.49-deg angle are shown in Fig. 8 along with the calculated ones for
ENDF/B-IV and ENDF/B-V, and in Fig. 9 for JENDL-3PR] and JENDL-3PR2. In the
case of ENDF/B-IV, there exists only the peak corresponding to the first level
of inelastic scatterirg for 12C due to the lack of data for other Levels.
Even though the spectra calculated by the other three nuclear data files show
the peaks which correspond to the first, second, and third levels, the values
of these peaks are slightly different from the experiments. This fact
suggests that reo-evaluation is required for the nuclear data of these levels
including the ¢ngular distribution of secondary neutrons. Among the nuclear
data files used. there are some differences 1n the calculated spectra below
2 MeV depending on thickness and angle. Further examination remains to be
done for the data such as the angular distribution that is important to the

determination of the spectrum in these energy regions.

5. Concluding Remarks

The results of analyses for the integral experiments on the threec assem—
blies and the time-of-flight experiments on the two materials were discussed.
The results shown in this paper, however, cover only part of the data that
have been obtained. Further evaluations and examinations of all results will
be very useful for the development of the JENDL-3 nuclear data file. Mutual
communication between our experimentalists and nuclear data evaluators should

be profitable to complete the JENDL~3 nuclear data file.

~175—



JAERI-M 86-029

References

(1) Maekawa H., et al.: “"Fusion Blanket Benchmark Experiments on a 60-cm
Thick, Li,0 Cylindrical Assembly,” JAERI-M report (to be published).

(2) Oyama Y., Mackawa H.: JAERI-M 83--195 (1983).

(3) Oyama Y., Yamaguchi S., Mackawa H.: JAERI-M 85-031 (1985).
(4) Rhodes W. A., Mynatt F. R.: ORNL/TM-4280 (1973).

(9) Hasegawa A.: to he published.

(h) Sexi Y., et al., 7. Nucl. Sci. Technol. 20, 686 (1983).

— 176



JAERI-M 86-029

Table I. Measured quantities and their methods for integral experiments.

(1) Tritium production rates of 611 and 7Li

® Liquid scintillation method with 6LiZO and 7L120 pellets

e SLi and 7Li glass scintillators
(2) Fission rates

e Micro-fission chambers (mfc) (235u, 238y, 237Np, 232Th)

® Solid-state track detectors (SSTD) with 235y, 238y  and 232Th foils
(3) Reaction rates

® Foil activation method

-- with Al, Tn, and Ni foils for Li,0 assembly
-- with Al, Au, In, Nb, Ni, and Zr folls for C assembly
-- with Al, Au, Co, Fe, In, Mn, Na, Nb, Ni, Sc, Ti, Zn, and Zr folils
for Li,0 C assembly
(4) Response of PIN diodes

(5) Respnrnse of TLDs (measured in Li,0 and C assemblies)

e TLD-600, -700, =100 --—---==-= LiF
e UD-110S -- CaS0,
e Mg,5i0,, Sr,$10,, Ba,Si0,

(6) In-system neutron spectra

® Small sphere NE213 spectrometer

Table II. Measuremert of angle~dependent
leakage spectrum.

® Time-of-flight method
o Thickness:

-= 5, 20, and 49 cm for Li,0 and C slab assemblies

—— 10 and 30 em for lithium-metal slab assemblies
® Angle: 0, 12.2, 24.9, 41.8 and 66.8 deg

® FEnergy: 0.5 ~ 16 MeV for Li,0 and C slabs
0.5 ~ 16 MeV for lithium—metal slabs
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Table I1I. Cross-section sets for DOT3.5.

Group
Name No. Process Code Weight File
GICXFNS@ 135 NJOY Flat” ENPE/B-1V
GICXFNS1 135 NJOY Flat? ENDF/B-IV
JENGIX 125 P-G~G/ B¢ 1/€ and Maxwell J-3PRI & 2°
JEFGIX 125 pP-G-G/B¢ Flat and Maxwell J-3PR}I & 2°
EnpGIxd 125 P-G~G/BC 1/E and Maxwell ENDF/B~1V

8C: ENDF/B-S5, "Li(n,n”a)3T: Young's evaluation.

PThe thermal group constants were calculated by SRAC <ode.
CPROF-GROUCH-G/B.

dpata of carbon i, ENDF/B-V are included.

€JENDL-3PRl and JENDL-3PR2.

1.2 L | S I S EA SR S
6 i{n,a 3 T
t VA‘A‘ N
. A _A 4, A"FExperimentol
L abw ° L - u - : £rror
~ 10jee 9o _ o _ o e _o ~: Ay
(] [ ) [

\\:\‘
09i{- e JENDL -3PRi = —3PR2 '\
A ENDF/B-4 -
opl—o Lo b 1oy o b

0 20 40 60

Distance from the surface (cm)

Fig. 1. Comparison of C/E values for tritium production rate
of 5Li 1in the L1,0 assembly.
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Fig. 2. Comparison of C/E values for tritium production rate
of 7Li in the Li,0 assembly.

1.2 T T T T T T T I T T T
i Aﬂg(n,a)“)g
i % |
IO B ¥ F R
A -t i
~ e : + 1 1 o m
O N T i 1

- x JENDL-3PR2(I/E)
0.9 e JENDL-3PRI(I/E)mJ-3PR] +

| 4 ENDF/B-4 (1©>E)  (Flath ]
C)B 1 | )i L | | 1 |
0 20 20 50

Distance from the surface (cm)

Fig. 3. Comparison of C/E values for 2741(n,a)2%Na reaction rate

in the Li,0 assembly.
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Measured and calculated leakage spectra from the
5.06—cm thick graphite slab.
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5. Fusion Blanket Engineering Benchmark Experiment

Tomoo Nakamura

Japan Atomic Energy Research InstLitute

1) Introduction

An ordinary benchmark experiment on fusion neutronics is usually
so designed as to keep both geometry and composition as simple as
possible. This is required to make the point of interest, on nuclear
data or calculational methods, to be clear and emphasized, and the
comparison between the experimental to calculated values as
straightforward as possible. The breeding blankets in many
conceptual designs, however, have rather complex configurations. It
is not so simple to estimate the accuracies of neutronic parametars
in a composite system by superposing the data obtained in individual
simple benchmark experiments. Hence, an experimental coffort is
required to fill up the gap somehow.

In Fusion Blanket Engineering Benchmark Experiments at the FNS,
simplified systems of composite configurations are deliberately
chosen, experimental data are acquired in parametric way, then, Lhe
comparisons are made with various calculational results to point out
problems associated with the heterogencous structure and to assess
the overall accuracies of the nuclear calculations.(]'z) The
accumulation of the information thus obtained serves to reduce the
uncertainties in interpreting the TBR and other neutronic quantities
in the conceptual reactor design, performing a complementary role to
the basic benchmark experiments. This program has been selected as

one of the joint activities between JAERI and U.S.DOE.

2) Experimental Arrangement

In the arrangement of the Phase-1 experiments of the program now
in progress, the target room #2 of the FNS 1s assumed to correspond
to the plasma chamber of a fusion reactor and its thick concrete
shielding wall to a blanket zone, of which a portion is substituted
br a test module of breeding blanket as is shown ir Fig. 1. The
rotating neutron target (RNT) of the FNS locates at the center of the
cavity and simulates the neutron producing plasma. The mixed field

of direct and room wall-reflected components is assumed to represent

—ia3 -
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the fusion neutron field.

The blanket test module is installed in a large cxperimental
hole prepared in the wall. The size of the module is 63 cm in
equivalent diameter and 61 cm in length, which allows fill-size
simulation of radial configuration in breeding blanket. Some
candidate configurativns for the model module are illustrated in
Fig.2.

The test module is composed by assembling blocks of rectangular
prism; the basic unit length of the side is 5.06 ¢m. The brecding
material used in the present experiment is lithium oxide of natural
abundance, granules of which are cold-pressed to 75 % of theoretical
density and encapsuled in a thin-wvalled case of stainless steel ta
form & block. The block structure allows modifications of the system
readily by placing zones on the {ront, rear or inside the breeder
region. The example for a heterogencous contiguration is shown in
Fig.3. Neutronic quantities are measured alony Lhe central axis of
the modules an experimental channel is provided tor this purpose.

Main efforts are put on the measurement ol tritium production
rate(TPR) and nculron spectrum. New techniques have been developed
to meet the requirements of this program on both on-line type and

time~integrated type medsurements.

3) Neuwtron Source

The necutron sovurce and field characterization was pertormed in
the first place. It is the most important part in this program,
because the experimental arrangement is not so simple as thosce “n the
case of basic benchmark experiments. Measurcments have been done an
neutron yield, angular distribution and neutron spectra for the
direct component from the RNT. Figure 4 shows the neulron spectrum
emitted in the direction of test module. The spatial distribution
and spectrum were measured at the surface plane of the test module to
obtain the data on the contribution of Lhe reflected component from
the room wall.

Source characteristics was also numerically evaluated by Monte
Carlo calculations in which rigorous configurations of the RNT and
th2 room were represented. Good agreement was obtained between the
calculatior and the experimental value assuring that the Monte Carlo

results could be used as the input source for the analysis in the
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Phase-1 experiments.

4y Experimental Systems

Three experimental series have been conducted on different
configurations so far: a) reference system, b) first-walled system
and ¢) berrylium neutron multiplier system.

The reference system is a single-region breeder that is made up
by assembling LiZO blocks, Since the system is the most simple one,
it is used as the base in estimating the effects that arc introduced
bv adding or inserting the regions of other materials.

The first-walled system has a simulated wall laver that is
placed oun the front surface of the reference svstem. The changes of
TPR distribution in the breeder region were systematically measured
for four differcent first wall patterns that is shown in Fig.S.

tn the Be neutron multiplier system, a Be layer is added to the

reference system to cxamine the impact of the necutron multiplying
matcrial on the TPR value and its distribution. Threec different

configurations werce composed in this series as are shown in Fig.6

5) Experimental Results

Since the data processing is still being continued, the resulls
obtained up to now is briefly described. Figure 7 shows the Lritium
production rate distribution of 6Li in the reference system measured
bv Li-glass scintillation methed. Also given is the calculational
result of DOT 3.5 R-Z model with a nuclear data scc GICXFNS that is
based on ENDF/B data file. As is scen, a good agreement is observed
for the shape of the TPR distribution. The sharp rise in the front
part is the contribution of the low encrgy neutrons contained in the
wall-reflected component. That in the rear is ac¢ to the reflection
from thc back.

In the first wall experiment, the measurements of TPRs were
performed successively for the five patterns shown in Fig.6 with the
detector fixed at a point; then the procedure was repeated for ecach
measuring point in the breeder region. Hence, the effects on TPRg
caused by the insertion of first wall layer werc obtained exactly and
systematically. The ratios of the measured TPRs of the first-walled
to non-walled systems are given in Figs. 8 and 9 for 6Li and 7Li

along with the calculated results, respectively. The agrecment is
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fairlv good between experimental and calculational values as a whole,
though this calculation underestimates the slowing down effect at the
first wall laver.

An example is shown in Fig. 10 on the change of the neutronic
quantities by the addition of Be neutron muliiplier. Here the
ratios, both measured and calculated, are plotted for the TPR of OLi
in the Be system to that in the reference at the same locations in
the breeder zone. In this .alculation, JENDL-3PRl was uscd as the
nuclear data. The comparison shows that the calculation underesti-
mates considerably tne effect of berrylium in the hreeder region

following the Be laver. This suggests the nuclear data on Be is (o be

re-examined including secondary neutron emission data.

6) AUMmArY

lhree scries of experiments have been carried out in the Phase-)
of Fusion Blanket Engincering Benchmark Experiment Program.
Experimental! data of high relative accuracy have been obtained for
three different configurations. Reasonable accuracy have heen
achieved in assessing the absolute values, »d further efforts are
being paid to narrew the range of uncertainties.

The cause of the deviation that is found between the calculated
results and the measured one could be concerned with .nc¢ or some of
the many factors invelved in the nuclear calculations, not directly
related to the nuclear data. "owever, since the acquisition of a
large bhody of data are pursued systematically .n this program by
various means, it is expected that the results are effectively
utilized to assess and discriminate possible hiases in the nuclear

data or the caiculation method used in the analysis.
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IV. Conclusions

1. REPORT OF SUBGROUP A
“"DATA REQUEST FOR THE JENDL-3"
Group Members: Maekawa H. (leader), Sugiyama K., Baba Y., Maki K., Murata T.,
Takahashi A., (Seki Y.)

The first item discussed was the priority of nuclear data to be evaluated
in the JENDL-3 within our limited time and knowledge. This is summarized in
Table 1. The priority depends on the polnt of user's field, such as neutron-
ics, dosimetry, damage, etc. As we are primarily engaged in neutronics and/or
nuclear design flelds, Priorities 0 and 1 were classified by such points of
view. The data of "Priority 0" are already included in the JENDL-3PR! and 2,
and being examined by analysis of benchmark experiments. These nuclear data
need to be checked or re-evaluated by the results of the analyses. The ele-
ments of "Priority 1" are mainly used for structural materials, supercon-
ductive magnets, neutron multipliers, and hybrid reactors. The data 19 are
included in this group because FLIBE is pointed out again as a candidate for
blanket material.

We also discussed the status of reactions for each element. The status
"S" means that present data seem to be satisfactory. It is desirable to check
again, especial%y for higher energy reglon.

The main discussions were as follows:

(1) Re-evaluation is recommended for ®Li, 7Li, 12¢, and 160,

(2) The evaluated data on Pb are required for analysis of a benchmark

experiment on Pb assembly. The ENDF/B-IV data are inadequate.

(3) The photon production cross section for Ni, Fe, Cr, and Cu are

required for nuclear design.

- 192~
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In the case of the hybrid reactor, photon production sections for

high energy are required.

Many neutron emission cross-section data including angular distri-
bution are inadequate or lacking.

Activation cross sections for Ca, Ti, Mn, Fe, Ni, Zr, Nb, etc. are
required for both dosimetry and nuclear design.

The data of '2C(u,n”)3a should be checked.
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TABLE 1

Nuclear Data Needs and Status for Fusion Neutronics Study

Nuclide Priority Oot %u,em %%,2n %a,charge %y ,em
Iy 1 S s
2p 2 S C s
31
3He 3 ¢ o
“He 3 C c
6Ly o C e c C
7Li 0 C C C c
9Be 0 C U U c
10g 3 s U
llg 3 o U
leg 0 c d c
Lay 0 c c c
16¢g 0 o I o
1op 2 c U U u
Na 3 S U c U
Mg 4 C U
2741 1 S Cc U c
Si 1 5 ] c
P 4
s 4
c1 4
Ar 4
K 3 S u
Ca 1 5 u
Se 4
Ti 3 S u U C
v 2 S u U c
Cr 0 S c c C c
Mn 2 S u c c
Fe 0 5 C C c c
Co 4
Ni 0 5 o c c C
Cu 1 S u c o
Zr 2 S U o Cc
Nb 2 S U s(C) C
Mo 3 c U u C
Sn 2 s U U c
Ag 4
cd 4
Sb 4
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TABLE 1 (Contd.)

Nuclear Data Needs and Status for Fusion Neutronics Study

Nuclide Priority Teot %n,em 9n,2n 90, charge 9y, em
Eu 4
Hf 4
Ta 4 S U U o)
W 2 C U u C
Pb 1 [ U U o
Bi 2 C U U C

2327y 2 s U U

233y 2 s U U
Legend

Priority 0: Included in the JENDL-3PRl and 2; however, it 1is
desirable to check or re-evaluate.

l: Evaluations are needed as soon as possible.
2: Evaluations are needed within six months.
3: Evaluations are needed within one year.
4: To be included in the JENDL-3.

Status S: Present data appears almost satisfactory.
C: Data checking 1is required.
U: Uncertain; data inadequate.

Blank: No status was discussed.

*
There are no plans for this element to be evaluated in JENDL-3.
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2. Report of Subgroup B:

WORKIRG Geotli B O THE PROBLEMS OF JENDY. PRCQOEETIRID TN T EXPERI
MENTAL, ANATY S TsS0 INCTHE PROCESSTRG OF GRO CORSTANTS
AND O CTHED FORRAT SPHECH TCATTONS

dysencsion memly s

AnaMD Tostino

HASVGAYS Akdra sronp Teadim
TGRARAHT sin

TREDA Yiugiro

KALOA Yok

MO Fol s,

NAKAGAWA Tsuneo

NARAZ AW d Mosahar

1. Introduction

The Wonkan . Group oon the probloms  of  JMNDL cncountered  an the
expor tnental analysis, in Lhe processing of gronp constants and of Lhe
FORMAT spoecifieatryons prepared o working gronp teper Uoadentifying, the
problenc: reveaded through Lhis meetaing and rdentifying, the rocommnda
Lrens o ander Lo ramove  these problens or Lo amprove  the  data
aualily

Thee matertals covered  in Lhe discussions ate very wide (rom the
detarledd Lechineal problems to Lhe complation philasophy  of JENDL
And  somc matorials in the recommendation witdl affoct the functions of

Lhe board off JNIXC Japanese Nuelear Data Conmptte

2. Necessity of error assignment 1n every steps from nuclear data to

experim~ntal analysis

Becausc errtors are inevitable in eviry stops on the calenlation of
the experimental analysis. 1L 18 necessery  to quantafy  Lhe crror
1nvolved 1n carh step.

exafmj]

steps

Exporum nt wx;u-r‘imental aAccuracy

Nuclear Dala  Data accuracy

Processing of group constants processing ac:nracy

Modelling for the experimemtal analysis Modoiling accuracy  Trans
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port calculalion calculation accuracy
CE prediction accuracy this depends on all  accuracies  des

cribed above

3. Preparation of common group constants for the ¢ mparisons of
common basis

IL 1s requested Lo prepare common grovgs conslants library so as to
be used commonly in the fusion communily basod on JENDL Tibrary 1o,
JENDL. 2. 3 PRI and 3 PR?. For the monenl . as scen rom the presenta
tion by A lksccawa, processing code and thee evaluatod  data e are
Lighl coupled. Lhus (U is necessary Lo prodoce the gronp Tibrary using,
the authorized processing method or code Cor Lhe peersons nol avarlable
thoese codes,

Although  for the aclual productions. the delails of the work such
as the man power allocation or the specifrealion off the group Tibrary
should be 1ot for the adhoc commitlee, 10 is vecommendoed basteaily Lo
make o group library of about 125 groups sumtlar Lo Lhe GICXENS which
15 frequently  used in the fusion commmily now. And at the same time
there 1s  a suppestion to ovroduce two  libraries using different
welghting  functions. 1 Thermel :Maxwell. 1 E o or Clat o 14 MoV peak

11 lypircal realtized Clux in 120 assemblics. the former 1s for the
experimental analysis  and the latler is for the apphication orrented

one such as for the desipne of blankets.

4, A handy book summarizing know hows of using the transport code
It 1s recommended Lo summarize know how or ulilization technics of
transport codc  in a handy book. Especially for the elementary use of
these code. 1L 1s necessary a handy book  describing  the expericnces
aboul the parameters which affect Lhe resulls considerably such as
mesh size. P} order. group structure. Sn order ... ote in the casce  of

actual calculalions.

5. Comments for the processing code
It is recommended to perform cross check of the processing codes.
And also it is necessary to quantify the processed errors  introduced
by the numerical calculations. Bubt the processing errors excopt the
effecl from weighling functions can be guanlLified up Lo some extent.
The group constants production methods. such as selection of

weighting funclions or selection of group struclures. ... are probably
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the thar - for eternal

6. Problens encouatered in the procescing of current JFNDL file. 1.e.,
JENDI. 2. -3 PRl and 3 PR

The

A HASEG

AW an the sesston T Here only sow oy 1 rven

dotatled  discussions were saiven o Ur presentation by

AR

| Problewis relating Lo FUEY 0 Resonn o paran U

a.

RiISOEVED REGONANCE. RANGEH

1 b unbneam state probilems: g MUEY S Mot Tevel Broeagd
Wisaer formulac
Soomany noelidens

11 Twe tesolved desonanee rarss o bt
For Fe natural of JN 2

URDE O VD RECONARNCE AN

1o Koo erose section for o freeoeoa ME Y data for JENDE
URbnle aceepts only M 1O (1o e o o for (s
ston

1 . Problem by detarled (oot cross coctions detinrtion et

than the unresolved enerpy node poante:
exampler U 235 JERDE 20 MAT A
vl Sparee energy node porrts probloas for DHRISR,
In soma casce. inberpolation o the rosonance  parametors
s made . T s Corbidden
v . Resonance  enerpy range an mabehing an asolopns conposing,
of natural elemenl.

Example: Mo natural of JEMNDL. .

n.b. tn the above expression. | to 11l are for the

problem of UNRESR  NJOY

2 . Problewms relating to FUEA 0 Anpular disty bt tons

1

Too mich precise Filed angular distribetion data
It is recommended 1n inclastic  oross sections that  af

anisolropy is less than 5 %. give Lhen as 1sotropic once.

3. Problems relating to FILFDH @ Energy distributions

1

Consistency between the energy mesh 1n the partial sections

In JENDL. file. the energy distribution data are frequently
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ropresconted by several partial sections. and the energy mesh
for cach partial sections should bee prven by the same energy

mesti, JENDE violotes this lav sn several times

1. Reprassntation for the exil nentron encrpy dastrebution
fun tron
Al sceondary enerpy distobotion most start and  end  with
zeto vatues for the distribution functiyon. JENDE e

son imes vielate this repnlation

4 Probdess rolatg to FIHLEG Fnerey Anputar dastroibntrons
P PNy 20 3 IPREL GPRZ (iles. the adoption ot FILFS  data are
actudlised for the first Lume an the wor 1d. Bot mixed use of
FHES dotor and FIEEA O EFHEDS data for the same reaction is taken
Bot thie oo vialation to the rule of data inpqueness Therefore
tf the PHLEG data are paven for some teac trons. no data should be

pavea for FHEA and FHID

7. Recorzendation for Lhe prolocol of JiNDIL

i Accoptan o as JENDE fale for an evaluation doata

The eoch cvaluated  dala accepted  as JENDE Library should be

author tood by the relevant board  of JNIDC Japanese  Noclear  Dala
Commptten by consider iny, the quality of Lhee evalualions submilled by
thee auth o Up to now. an cvaluation performed by the author nominated
as  JEM file cvaluater 1s antomatically called as JFENDL file withoul
any aulhoricalions by the board. In some case there exisls Lhe evalua
tion  called  as JENDL only by Lhe anthor but not known to Lthe Nuclear
Dala Conten

11 . Problem o the publication of numerical data 1n a report

1t 15 reqguested to examine the merit and the demerit in the  int-:
nal board of JNIX. on the publication of the mmerical data of evalua
tions 1.e.. publishing the listing of a file itsclf of an evaluation
in a report. Recently the evaluated data file is regarded as strategic
malerials and Lhe availabilily of the numerical data becomes very
difficult. According to these circumstances the numerical data
exchange becon s very difficult inLernationally as seen in the case of
ENDF B V.

Thus following rather radical opinion is put oul in the discussions.
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The gt b oo dite e e e b be i ade
only  arad P A I IR T BV E0 S B S O Loodd b
all v b - T A R U H T IR S B FURNITOL I R
of  th e i IR H | RIS e
R R ) i ' ! . t 1! '
Lk e om0 : N N oo b ey of b e ! b
P b . . R N R HEEEEEER R R TIFRCUTIE T NS dat s
dre oo S : Tioob bt o e e e s b L the aphe!
O s T e . : S e bhe aether:
of th } Yt ) oot

v ( HT08 o tt "

It i B [ RS XU E RS SR R [ R R I AN 1 TS
fale . T 1| O VT TR A R Phb o anth oo e
Cegt Ut | ST I U Y TR N VL Ot S TR oy e chaedtn teean JETINE
RN

Ly b oot TN tee th e ralo

o Contog ro o the acht toopeb the oo b b antormat tons when the
R dat cuddaated datae or preapy concb b are trasterred to

sobocoe e heey thes v shiearld vogen U the fecd hack informat yons

b U she D madby o description on the e of JENDEL data an any
publae ot an Tongy, s JENDE data are ueed v the results

e Tt as bt to g the name casily ondorstondeble: Lo be used  Lhee
JETE e 1oa the proup constanls pencrated from JENDL falel for
exorsle weng, the prefix name of JDU ete And also 1t s hetter Lo

inforw the eoncrated Tibrary name Lo the Ceator
8. Problens on the file moking and FORMAT

1 . Necessity tor the physical checks for the opetiing

As  both of JINDL 3 PR and PR? are nol opened through the offieyal
roule: . physical check and FORMAT check were not completely performed
It 13 requested to be checked carefully both in format and in physies

for the opening Lthrough the official route in JNIXC

“11 . Naming of JENDL 3 PRl and PR
Naming of JINDI. 3 PRl and PR? is frozen for the available version
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of Lhe two  That gs. JENDD 3 PR 1s o verseon contarmins, 116G 1a’7 and
C are newly revised oncs and the other gs the sam - as oan the JENDE 3

PRI £l

il Reconmtion of JENDY 3 PRI and PR 1
Up to now  there are no o explicit antormadtton aboul Lhe version
wdentif e ation in Lhe C1le atself. From now an for e recognition of

these vierston. a mod freld modified f1eld andes oo f1lel is used

1v o Unmigquensoss of Lthe route for the information abont JENDL

ALl of the information abont Lhe data opencd for the publices such as
the status of the evaluations. anticipated completion  date for  Lhe
evalnaltion under progressing. data availabiloty or data (ile name an
Lhes compniter. ote. . should he completely known to the users unuopely
through  the Cenler. For this purposc. compiltor manapgements for Lhese
informatron might be required. Although thia e exists a publication of
NUCIEFAR  DATA  NEWS 1n every 4 months from Nuclear Data Center bul 1l
may nol be sufTierent for the latest information  sources.  And  the
current  citnations  of under progressing evaluat rons shonld be ecarc

fully watched by the working group of file creation of JENDI ..

9. Recommendations for forthcoming JENDL 3 file

1. FORMAT system to be adopted

It 1s recommended to adopt ENDE B VI FORMAT system so as to  compete
with othrr new data appearing in the same format. 1.e.. ENDF B VI, JEF
or EFF. For the users not acceptable of B V]l format. i1t 1s also
reconmended Lo produce files of ENDIE B V FORMAT system. The former is
regarded as an of (icial file of JENDL. 3 and the latter 1s produced

only for scrvicres to the old users.

i1 . No Mixing usc of FILES and FILEA X FIIFH for the same reaction
data

Mixed use of FILES and FILE4 & FILES for the sam: reaction taken in

JENDL. data 1is now completely forbidden by the violation of the

uniqueness of the data representation.

"111 . Recommendation for using of FILES representation

It is strongly recommended to use FILES energy angular . representa
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tron 1nstead of FHEA X FILFD one for the reactions requesting to use
1ts represcntetion Becanse by using of FHEG  representation. the
aclual  plyarcal  process is presented mre preciscly. But oat the same
time Tor Lhe vsors who want Lo use old pro o coane codes. a1t 1s also
recoprded Lo prepare  a servicee file with no FILFG data. 1.e..
compused from FlLEA N FITED representation. That  1s two Tiles  are
prepared. as an of ficial Cile where FUHES repres ntation js taken with
ENDE B VI FORMAT. as a service Cile where FITEA N FUHEFD representation
15 Likeen with FNDE BV FORMAT. This oplion s talen because several
time delay shosld be inevitable for  the acooptani e of  the FILEG

processing i oa majority of the processing codes

iv o J unknown state assignent. in MBY Mulia level Breit Wigner
resornar s parameters

It s strongly recomme nddd to abandon thee problomatic adoptaion of

J unknown  state defCimiten in MBY which s o oripan of a preate

confusion of Lhe processing code to be usod for JPNDL processing up to

nov. In Lhe cvaluation for the level of J andnown states. some value

should be asstencd by the cevaluater Lo avord the the ambiguity.

v . Request for the evaluaters about the comprtation of the
evalualoed data
¥hen an evaluater perform the cvalualion of  some materials it s
always regiested far him to remind  the  design philosophy of the
evaluated nuclear data files of “completencss’ and “compactness’ . That
is. the data represenled in the evaluated file should be given as

practical simple as possible. Don't give the data in a complicate way.

sunparized by A HASEGAWA @
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3. Report of the Working Group C on the Feedback of Information from
Neutronics Experiments and Their Analyses

Chiba, H. Nakajima, Y.
Hashikura, H. Nakamura, T.(chairman}
Iguchi, T. Oyama, Y.

Kanda, K. Yamamoto J.

I. Introduction

This working group discussed how to feed the information obtained
in the dif .rential or integral neutronic experiments and their
analyses back to the data evaluation of JENDL 3. It is often
mentioned that the effective communication should be encouraged from
the users of the data in neutronics to the nuclear data people. So
tar, the communication has been limited rather to the private basis
and not necessarily well oriented. As the number of experiments,
hence, the application of JENDL 3PR to them increases, a better
treatment becomes necessary for the efficient and systematic
information exchange. The present meeting is the [irst step toward
the goal.

II. Proceedings

Firstly, cach member of Lhe working group presented his view
point on the subject concerned with his speciality, and then
discussion followed on the issues brought up in it. Naturally
opinions were diverse and it is not so easy to summarize them as the
group consensus Major points that were talked over during the meeting
are summarized in the following.

1) Double differential cross section

In the case of DDX experiment and the analysis, the feedback of
the results is rather straightforward. They are directly to be
compared with the evaluated nuclear data of interest, and the degree
of the agreement in energy and in angle provides useful and direct
measure on the accuracies of the evaluation. In fact, the DDX data of
Osaka University and Tohoku University had been made most use of in
the evaluation of JENDL 3PRl and 2. It was agreed that DDX experiment
should be encouraged more, in wide neutron energy range. It is
important, however, to minimize experimental uncertainties;
measurements around 0 and 180 degrees are especially difficult. It
would be not practical to cover the whole energy and angle by
experiment. Rather the DDX data should be utilized to check the
evaluation at selected parameter points.
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2) Integral benchmark experiment

Integral experiment is concerned with a bulk media; incident
neutrons suffer multiple scatterings and the neutron field of broad
energy spectrum is formed in the medium. As a matter of fact, the
interpretation of experiment and their analysis in view of nuclear
data is not as direct as the DDX case, and so is the feed back.

a) TOF experiment in a bulk system

This category of experiments uses the same measuring techniques
as in 1), but the size of the system is by far larger than DDX
samples, hence it covers wider and continuous energy range in the
neutron field. It plays a complementary role to the DDX experiment.
Uncertainties are introduced, however, relating to the numerical
method of neutron transport, calculational modeling and processing for
nuclear data selL, if multi-group method were applied, in the
comparison of cxperimental results with the analyses. So, proper cave
should be taken in referring the results in nuclear data cvaluation.
Evaluators consider the data in this category are also helpful. The
data from Lhe spherical shell experiments at LLL and Oktavian as well
as the slab geometry experiment at FNS were utilized in the
preparation of JENDL 3PR1 and 2.

b) Integral cexperiment in a bulk system

Different from the experiment of type a), most of measured
quantities arc integrated ones over neutron energy in this type of
experiment. The experimental value contains cross section information
an both the media ,i.e., neutron field and on the detector itself.
Since nuclecar data contribution is folded into one with pertinent
weight, iL has direclL meaning regarding to the quantity of interest
such as tritium production rate; it has better experimental accuracy,
in general, compared to differential data. In this meaning, the
results of integral experiments can be used in verification of the
accuracies in evaluated nuclear data. It is important, however, to
assess the uncertainties included in the calculated results regarding
to the factors mentioned above in a) in the comparison. Extensive
works have being conducted in Oktavian and FNS experiments and their
analyses. Full utilization of the data in this category is yet to
come hereafter.

Most of the discussions were developed on integral experiments.

It was pointed out that the objectives of integral experiments be
various. Other than the verification of nuclear data, they include:
i) examination of calculational method ui neutron transport,
ii) examination of modeling in the calculation,
iii) establishment of measuring techniques, and
iv) mock up to assist the nuclear design.
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It it required, therefore, to clarify the objectives and the degree of
concern to the nuclear data involved in presenting the results of an
integral experiment and its analysis.

To examine nuclear data, pertinent design of the experiment is
important so as to make the effect of the nuclear data of interest on
the measured quantity maximum, while the uncertainties associated to
other factors to be minimum Point Monte Carlo calculation and an
experiment suitably designed for that was mentioned of as an example.
It was also emphasized that good accuracies of the experimental values
be essential.

Opinion was divided in regard to the usefulness of integral
experiments for the verification of nuclear data in the area of fusion
neutronics. Some were positively in favor of integral experiments,
while one of the members gave limited value on them. He had an
opinion that accumulation of DDX data be able to solve nuclear data
problem related with fusion; the information from fission field could
cover the lower energy range.

Views were exchanged on the necessity of the systematic analysis
for integral experiments of various types in different organizations.
Property common to them can be extracted by doing so excluding
possible biases associated with individual experiments. Sensitivity
analysis should be encouraged to interpret them. It is, however,
questionable whether data adjustment method is as effective in fusion
neutronics as it was in fission case.

To make comparisons and evaluations of the data in different
organizations more convenient, it was proposed that a reference
nuclear data set be prepared basing on JENDL 3PR2 and be used as a
common set along with the one characteristic to individual
organizations. Admitting the convenience brought in by it, there was
an opinion that its introduction be considered deliberately so as not
to interfere with the individuality and uniqueness of each
experimental plan or organization.

It may occur at times that the same type of experiments in
different laboratories show somewhat different results and conclusions
giving a confusion to the evaluator in charge. In that case, it would
be necessary to examine the data and make an adjustment between
experimenters themselves prior to leave them to nuclear data group.

A question was raised -thether a system be necessary to coordinate

the communication between groups and manage the issues mentioned
above. Opinion was diverse and no definite plan was proposed,
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ITI) Recommendations

1) As JENDL3 Preliminary Version is still an intermediate stage to
Nuclear Data File JENDL-3, its users should cooperate to the
improvement by the feedback of the results obtained through its use in
order to make the final version more reliable.

2) In reporting data obtaied by an integral experiment, the nature of
the experiment, the degree of contribution due to nuclear data
separated from other factors and the accuracy of the data should be
explained as clearly as possible.

3) The fcedback of the data is to be made through proper publications
or technical meetings. By the involvement of other people, the action
can be Lrcated more objectively avoiding personal bias and exact
information transfer can be achieved within the people concerned in
fusion cross section and neutronics. So, the holdings of technical
meetings like the present one should be encouraged.

4) Upon a consensus of a number of groups, a reference cross section
set is recommended to be settled for major nuclides used in fusion
neutronics to facilitate the comparison of the results of experiments

and their analysis in various groups.

5) Examination of the quality of the data is advisable through the
discussions with other related neutronics groups before the data is
supplied to nuclear data group as recommendation or reference for

modification.

6) Lastly and most important, every neutronics group should make best
efforts to provide high-quality data to support the completion of
JENDL-3.
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4. Discussion on Summary Reports from Three Working Groups

Nakazawa, M. (chairman of session)

Dr. H. Maekawa, the leader of working group on " Data
Request for the JENDL-3 ", has given their summary tablc on
" Nuclear Data Needs and Status for Fusion Neutronics Study ",
where the nuclear data of fusion relating 48 nuclides have been
classified from two points of view of present uncertainties and

priorities for re-evaluation.

Several comments have been made from nuclear data cvaluators
on the present schedule of re-evaluation of these nuclear data.

Dr. A. Hasegawa, the leader of working group on ’roblems

"

of JENDL Encountexd in Experimental Analysis ", has pointed out
many problems and recommendations of current JENDL file. General
discussions for the improvements of comparison procedures between
experiments and their analysis calculations have been made on
several points such as (1) necessity of all uncertainty assign-
ments not only in experimental data but also in every calcula-
tional results, (2) standardization of calculational procedures
basing on common group constants and on common utilization

technigques of actual neutron transport codes.

Dr. T. Nakamura, the leader of working group on " Feedback
of Information from Neutronics Experiments and Their Analysis ",
has stated that their hot discussions have been made on how to
extract and transfer useful informations from integral neutronic
experiments for nuclear data verifications. Two important con-
clusions have been that (1) the discrepancies between integral
experiments and their analysis should be analysed as clearly as
possible to seperate the degree of contribution due to nuclear

data from other factors, and (2) the feedback of these information
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should be made through proper publications or technical meetings
like present one in order to avoid systematic error or personal
bias, when some confusing results have been reported for the

same type of experiments and their analysis.

Throughout these discussions, necessity and importance of
quantitative estimates of uncertainties (accuracies) have been
strongly impressed in many fields of nuclear data,experiments and
calculations, and also design goal of fusion reactor blanket
neutronics. This impression and following actions are expected
to encourage more efficient and fruitful discussions among relat-
ing researchers. And as a whole, this meeing is concluded to be
the first step toward the goal and to be a good mile stone also
for the 1988 Intermational Symposium on Nuclear Data to be held
in JAPAN.
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Plenary Discussions
S, Igarasi and T. Nakamura

A session for free discussion followed the summary
reports presented by the group leaders. Many items omitted in
this meeting and to be discussed in future meetings were
pointed out. They were problems on neutron spectra in some
block samples, problems related to the scalar flux,

dosimetry, activation and gamma-ray.

Necessity of quantitative presentation for the target
accuracy of the nuclear data was discussed. Since
reauirements of the data accuracy were strongly dependent on
different blanket design systems, appropriate benchmark
problems should be proposed in order to make sensitivity
analyses. The meeting suggested that the fusion neutronics
community should set the benchmark problems to explore the
nuclear data of which accuracy has influence on the
calculations. To clarify that the requested accuracy is
achieved, needed is proper methodoloy with which degree of
the achievement is definable. 1Including this, the meeting
asked the community to define the ways of feedback from the
benchmark tests to the nuclear data evaluation and

measurement.

There was a guestion about release of the JENDL-3PR1 and
JENDL-3PR2 as wel: as their definition. 8Some confusions had
been occurred in the data users since the JENDL-3PR2 appeared.
Definition of the latter was not always clear to many users.

A reasonable management system is needed in order to avoid
vain confusion and notify smoothly the community of revision
of the evaluated data and library. Anxiety was expressed that
some information was restrained from circulation, if the
management system bound the exchange and circulation of
information rigidly. Data and information should be released

freely, but exchange of data or information between

—208—



JAERI-M 86-029

individuals would often cause confusion. The meeting
suggested that some reasonable rule concerning exchange of
information, release of data, revision of evaluated data

library, etc. needed to be established.

It was stressed that the nuclear data measurements
should be stimulated further in Japan. Double differential
cross sections at 7 and 14 MeV have been accumulated. In
addition the data between these two energy points are
needed. Experiments with the JAERI Tandem accelerator were
expected. At present, measurements between 5 and 6 MeV are
scheduled at JAERI. The measurements will be expanded

gradually to higher energy region in future.

This meeting was the first big occasion that the
specialists of nuclear data and their application in the
fusion field gathered and exchanged the opinions frankly
from the various stand points. The meeting worked effectively
to deepen the understanding of the present status in data
evaluation, cross section measurements, integral experiments
and data needs from the design work in relating to the
JENDL-3. It was generally agreed that information exchange
and collaboration in this community should be encouraged
further. This would be promoted by holding meetings like the

present one, for example.
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