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Abstract

The JENDL Dosimetry File 99 (JENDL/D-99), which is a revised version of the JENDL
Dosimetry File 91 (JENDL/D-91), has been compiled and released for the determination of neutron
flux and energy spectra. This work was undertaken to remove the inconsistency between the cross
sections and their covariances in JENDL/D-91 since the covariances were mainly taken from
IRDF-85 although the cross sections were based on JENDL-3. Dosimetry cross sections have been
evaluated for 67 reactions on 47 nuclides together with covariances. The cross sections for 34
major reactions and their covariances were simultaneously generated, and the remaining 33 reaction
data were mainly taken from JENDL/D-91. Latest measurements were taken into account in the
evaluation. The resultant evaluated data are given in the neutron energy region below 20 MeV in
both of point-wise and group-wise files in the ENDF-6 format. In order to confirm the reliability of
the evaluated data, several integral tests have been carried out: comparisons with average cross
sections measured in fission neutron fields, fast/thermal reactor spectra, DT neutron fields and
Li(d,n) neutron fields. It was found from the comparisons that the cross sections calculated from
JENDL/D-99 are generally in good agreement with the measured data. The contents of
JENDL/D-99 and the results of the integral tests are described in this report. All of the dosimetry
cross sections are shown in a graphical form in the Appendix.

Keywords: Dosimetry, Cross Section, Covariance, JENDL/D-99, ENDF-6 Format, Integral Test,
Average Cross Section, Standard Neutron Field, Cf-252 Spontaneous Fission Spectrum, U-235
Fission Spectrum, DT Neutron Field, Li(d,n) Neutron Field, ISNF, CFRMF, XX, YAYOI,
JOYO, IMTR.
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1. Introduction

A dosimetry file is a data set of neutron reaction cross sections which are basically used for the
determination of neutron flux/fluence and energy spectrum at specific neutron fields. While the
IRDF-85 dosimetry file” mainly based on ENDF/B-V? was so far used widely as the standard in
various research fields, it was a strong request for the dosimetry applications to make a Japanese
dosimetry file in the framework of the Japanese Evaluated Nuclear Data Library Version 3 (JENDL-
3)”. Corresponding to this requirement, the Dosimetry Integral Test Working Group (DITWG) of
the Japanese Nuclear Data Committee was organized to endeavor to issue the first Japanese
dosimetry file named JENDL Dosimetry File (JENDL/D-91)4). After the first version of the
dosimetry file was compiled and released, it was expected to have a more consistent dosimetry cross
section data set, because the cross sections were mainly taken from the JENDL-3 file and the
covariance data from IRDF-85. The IAEA developed a dosimetry file referred to as IRDF-90V2”
which included various evaluations available up to 1991. This file contains cross sections for 58
dosimetry reactions as well as covariances. The quality of the IRDF-90V2 was uncertain although
it has been widely used. Under such circumstances, the DITWG started re-evaluating the
dosimetry cross sections together with the covariance data for the revised version, JENDL
Dosimetry File 99 (JENDL/D-99), using the GMA code® or the spline fitting method” from the
basic experimental data in EXFOR®. In the evaluation for JENDL/D-99, latest measurements were
taken into account, and the cross sections and covariances for major reactions were simultaneously
generated in a consistent way. The evaluated data contains cross sections for 67 reactions on 47
nuclides together with covariances. Intending that the file is useful not only for reactor dosimetry
but also for neutron dosimetry in the higher energy region, some of the (n,2n) and (n,y) reactions
have been newly included in the file.

In general, higher accuracy and reliability are required for cross sections in the dbsimetry file.
Moreover, various applications need appropriate cross sections sensitive to the specific neutron
energy spectra depending on the field characteristics. In this context, extensive efforts have been
devoted to the integral test of the cross sections included in this dosimetry file by using available
neutron fields, verifying adequacy of the data in terms of reliability and consistency.

In Chapter 2, given is the documentation of the JENDL Dosimetry File 99 (JENDL/D-99) with
the list of the reactions included and the data structure. Graphs of evaluated cross sections are
shown in the Appendix. In Chapters 3 and 4, average cross sections calculated with the
JENDL/D-99 and/or -91 files are compared with the measurements in the various benchmark
neutron fields relating to fission reactors and fusion reactors, and the present status of the integral
test of the file is discussed.

Sixty-seven nuclear reactions have been considered in the present JENDL/D-99 and they are
selected mainly for dosimetry applications to fission reactor fields, 14 MeV neutronic experiments
and spallation neutron fields, as in the cases of IRDE-85" and JENDL/D-91?. This is a reason why
many reactions are common to the JENDL/D and IRDF. Precise comparisons with the integral
tests have been summarized in Chapter 5.
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2. Compilation of JENDL Dosimetry File 99
2.1 Activities of Dosimetry File Integral Test Working Group

2.1.1 General Description of the Working Group

To compile and test the first Japanese Dosimetry File (JENDL/D-91)*, a working group was
organized in 1987 in the framework of JENDL-3” nuclear data evaluation. At the moment to start
the tasks of compilation of data, dosimetry files available, such as IRDF-85" and ENDF/B-V?, were
referred to get basic idea for the JENDL/D-91. The first step was to identify and select the reactions
to be included regarding the importance, availability and coverage for the energy of extending
interest. In the first file, JENDL/D-91, since the covariance data were not produced simultaneously
in the cross section evaluation, the covariance matrices were mainly taken from the IRDF-85.

After the first file was released, there were discussions that the covariance matrices should be
produced together with the evaluated cross section values. In order to get the consistency between
the cross sections and their covariance matrices for the main dosimetry reactions, in 1996, the
working group started again the evaluation work to revise JENDL/D-91,

2.1.2 Selection of Dosimetry Reactions

The basic idea was to provide a dosimetry cross section set based on JENDL-3.2”. Whatever the
reactions of importance were in the JENDL-3.2 general purpose file, the JENDL-3.2 data were
suited in the dosimetry file so that fully consistent data set could be provided. However, there should
have been various useful reactions but not included in the JENDL-3.2 general purpose file, because
the reactions were highly specific to the dosimetry purpose. They are 64Zn(n,p)ﬁ“Cu,
®Nb(n,2n)""Nb, *In(n,1)'"*"In, Tm(,2n)'®Tm, 'Aum2n)*Au, Aumny) '®Au,
'99Hg(n,n’)199mHg. The covariance matrices of natural Ti cross sections were newly obtained from
the isotopic contributions in this evaluation work. The reactions of 93Nb(n,n') and 199Hg(n,n') seemed
attractive due to considerably low threshold energies below 1 MeV. These two reaction cross
sections were evaluated in the framework of the JENDL/D-91 file compilation”. It has been
considered of importance to include those reactions because the deficiency of such low threshold
reactions has been so often quoted. The reaction of 169Tm(n,2n)“58Tm, which is not included in
IRDF-90V2?, is one of the attractive dosimetry cross sections in the high energy region.

Four capture reactions, namely, mgAg(n,y)”O'“Ag, 3 'Eu(n,y)lszEu, 1znga(n,y)lnga and
186W(n,y)mW, were included in view of the importance in the thermal reactor dosimetry although
the latter three reactions were not included in IRDF-90V2” .

2.1.3 Scenario of the Integral Test

Comparison with IRDF

Preliminary consistency check on a prototype file was made through comparing with the cross
sections in IRDF-90V2 by calculating spectrum-averaged cross sections in 12 kinds of benchmark
neutron spectra, numerical data for ten of which were available in IRDF-90. The results of

comparison will be given in detail in section 3.1.
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Neutron Fields

In order to assure the quality of the reaction cross sections in JENDL/D-99, integral tests have
been performed.

We have used four neutron fields for the integral test as follows:

n 32¢f and U fission neutron fields,

(2) ISNF/CFRMF/BIG-TEN/ZZ/ORR/Y AYOI/NEACRP/JOYO/JMTR reactor neutron fields,

(3) D-T fusion neutron field,

(4) D-Li neutron field.
These have been selected as the testing fields because many experimental data of dosimetry reaction
rates are available with reasonable accuracy. The neutron spectra are different from each other,
covering wide sensitive energy range from thermal to the energy higher than 15 MeV.

Integral Test

Comparison between the experimental data and the calculations of spectrum-averaged cross
sections was carried out by considering uncertainties estimated from covariance matrices. The
covariance matrices for most of the dosimetry cross sections in JENDL/D-99 were simultaneously
produced in the cross section evaluation. However, the matrices which were not produced in
JENDL/D-99 were tentatively taken from the JENDL/D-91 data file. The covariance between fluxes
in different energies for the benchmark neutron spectrum was generated on the assumption that
diagonal and off-diagonal clements were 5 and 2%, respectively'o). Details of the treatment of the

error will be described in the corresponding section.
2.2 Contents of JENDL Dosimetry File 99

Table 2.2.1 shows the 67 reactions of which cross section data are stored in JENDL/D-99. Thirty-
four dosimetry cross sections and the covariance matrices have been generated through the present
evaluation work for the JENDL/D-99 file. Other reaction data in the file were taken from the
JENDL/D-91 file. Table 2.2.1 lists the MAT numbers, reactions, threshold energies, half-lives of
reaction products, and sources of cross section data and covariance matrices. In addition to the data
of the reactions listed in Table 2.2.1, the total cross section is given for the nuclides whose capture
and/or fission cross sections are stored, in order to calculate self-shielding factors. No covariance
matrix is given for the total cross section. The data were compiled in the ENDF-6 format'.

In compilation of JENDL/D-99, evaluation of cross section was performed at O K and then the
point-wise data file was generated. In the point-wise data file, the fission and capture cross sections
in the resolved and unresolved resonance regions were reconstructed from resonance parameters
with RESENDD?®. The group-wise data file was obtained by averaging the point-wise cross
sections in the SAND-II* type energy intervals listed in Table 2.2.2. This structure is the same as
that of IRDF. The calculation of average cross sections was simply carried out as follows by using
CRECTJ5%® which is a program to edit the ENDF format data,

g
6,(E)= [o(B)E/E™ -E™),

min
Ei

where E;' "and E™ are boundary energies of the i-th energy interval.
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Followings are brief description of cross section data newly evaluated and stored in
JENDL/D-99 and modified data from JENDL/D-91%.

19F( n,2n )IBF

Evaluation of the cross section and covariance data was performed with the GMA code® using
Gauss-Markov-Aitoken least-squares method based on the selected experimental data in
NESTOR-2%, which was converted from the experimental data base EXFORY. The GMA code,
which is a program to derive covariance data from a set of experimental data, was often used in the
present work.

B Na(n,2n zzzNa

The cross section and covariance data were evaluated using the spline fitting method” to a set of
selected experimental data taken from NESTOR-2. The evaluation was mainly based on the

experimental data of Adamski et al.*®

2Mo(n,p)*Na
The cross section and covariance data were evaluated using the GMA code from the
experimental data in NESTOR-2.

2 Al(n,p)M
The cross section and covariance were evaluated using the GMA code from the experimental
data in NESTOR-2.

*'P(n,p)*'Si
The cross section and covariance data were evaluated using the GMA code from the
experimental data in NESTOR-2 and the nuclear model calculation by Strohmaier et al.>

*sc, #'Sc and **sc production from natural Ti
The cross sections were obtained from each isotope data in JENDL/D-99 as follows:
o (*Sc production) = o (*Ti(n,p)) X 0.0825 + o (*'Ti(n,np)) X 0.0744
o (Y'Sc production) = o (*'Ti(n,p)) X 0.0744 + 0 (**Ti(n,np)) X 0.7372
o (®Sc production) = o (*Ti(n,p)) X 0.7372 + 0 (*Ti(n,np)) X 0.0541

As is described later, MT numbers are not assigned for such reactions in the ENDF-6 format.
Therefore, MT's of 220, 221 and 222 were tentatively used for “Sc, ¥Sc and “Sc production cross
sections, respectively. Covariance matrices were also obtained from each isotope data in
JENDL/D-99.

*Ti(n,2n)**Ti
This cross section was not considered in JENDL/D-91. The cross section and covariance were
evaluated using the GMA code from the experimental data in NESTOR-2. '

46Tig n.p )4650

The cross section and covariance data were evaluated using the GMA code from the
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experimental data in NESTOR-2.

“"Ti(n,np)**Sc and “'Ti(n,p)*'Sc

The cross section was evaluated by eye-guide based on the experimental data. The covariance
was evaluated by the KALMAN code systemm, which was designed to calculate cross-section
covariances from uncertainties in parameters required as input to nuclear model codes.

48Ti( n,np *'Sc
The cross section and covariance data were evaluated using the KALMAN code from the
experimental data in NESTOR-2.

*Ti(n,p)**sc
The cross section and covariance data were evaluated using the GMA code from the
experimental data in NESTOR-2. '

49Tign,np)‘mSc
The cross section and covariance data were evaluated using the GMA code from the
experimental data in NESTOR-2.

50Crg n,x}SICr

The cross section was not considered in JENDL/D-91. The cross section was taken from

JENDL-3.2% and the covariance was taken from the latest version of the U.S. library ENDF/B-VI'®,

52Crg n,2n )SICr

The cross section was not considered in JENDL/D-91. The cross section and covariance data
were evaluated using the GMA code from the experimental data in NESTOR-2.

55Mng n,2n )54Mn

The cross section and covariance data were evaluated using the spline fitting method to a set of
the selected experimental data taken from NESTOR-2.

e n,p *Mn
The cross section and covariance data were evaluated using the GMA code from the
experimental data in NESTOR-2.

SBFegn,;{)SQFe

In the resonance region, the variance of cross section was estimated from standard deviations of
the resonance parameters. The standard deviations were taken from the experimental data which
were considered in the parameter evaluation. For the resonance parameters determined from the
capture area, their errors were estimated from the error of capture area. An error of 10 % was
assumed for other cases. No off-diagonal elements were given in the covariance matrix. Above 350
keV, covariance matrix was obtained by using the KALMAN. Errors of the following parameters
were considered: the optical potential and level density parameters, and the normalization cross
section. In order to connect the two covariance matrices, an artificial covariance matrix was given in
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the energy range from 250 to 700 keV.

5 9Cog n,2n )58C0

The cross section and covariance data were evaluated using the spline fitting method to a set of
the selected experimental data taken from NESTOR-2.

**Ni(n,2n)""Ni and **Ni (n,p)**Co
The cross sections and their covariance data were evaluated using the GMA code from the
experimental data in NESTOR-2.

%Ni(n,p)®Co _
The cross section and covariance data were evaluated using the spline fitting method to a set of
the selected experimental data taken from NESTOR-2,

®Ccum,2m*Cu and ®Cu (n,00%Co
The cross section and covariance data were evaluated using the GMA code from the
experimental data in NESTOR-2.

65Cu( n,2n )64Cu

The cross section and covariance data were evaluated using the GMA code from the
experimental data in NESTOR-2.

64ann,p )64Cu

The cross section and covariance data were evaluated using the GMA code from the
experimental data in NESTOR-2.

89an,2n )SSY

The cross section was not considered in JENDL/D-91. The cross section and covariance were
evaluated using the GMA code from the experimental data in NESTOR-2.

9°ng n,2n )892r

The cross section and covariance were evaluated using the GMA code from the experimental
data in NESTOR-2.

The cross section and covariance data were evaluated based on the experimental data using the
least-squares method®.

Nb(n.2n)"*"Nb

The cross section and covariance data were evaluated using the spline fitting method to a set of
the selected experimental data taken from NESTOR-2.

109A [n JHOmA

The cross section was not considered in JENDL/D-91. The cross section data were taken from
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EAF-99' whose evaluation is based on JENDL-3.2 capture cross sections and systematics on the
isomeric ratio. The covariance data were taken from IRDF-90V2.

1271[11 21]]1261

The cross section and covariance data were evaluated using the GMA code from the
experimental data in NESTOR-2.

T m(n,2n)'®Tm
The cross section was not considered in JENDL-D/91. The cross section and covariance data
were evaluated using the GMA code from the experimental data in NESTOR-2.

1869 (n,y) "W
Resolved resonance parameters at —65.4 and 18.83 eV were modified from JENDL-3.2. The

calculated 2200 m/sec cross section is 37.88 b and the resonance integral is 476.1 b. The variance
data were estimated by comparing with experimental data.

"7 Au(n,2n)"**Au
The cross section and covariance data were evaluated using the GMA code from the
experimental data in NESTOR-2.

27y (n.f)
The cross section data below 30 keV were taken from JENDL-3.2 while data above 30 keV

were evaluated using the GMA code from the experimental data in NESTOR-2. The covariance data
were evaluated by the GMA code.

2.3 Format of JENDL Dosimetry File 99
The JENDL/D-99 file was compiled in the ENDF-6 format'®. In this section, a basic part of the

format is briefly described. An example of the group-wise data file is given in Fig. 2.3.1.
In the ENDF-6 format, one record consists of the following 80 columns:

column description

1-11 numerical data field 1
12-22 numerical data field 2
23 -33 numerical data field 3
34 -44 numerical data field 4
45-155 numerical data field 5
56 - 66 numerical data field 6
67-170 MAT number
7172 MF number
73-75 MT number

76 — 80 sequential number
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The MAT number in the columns from 67 to 70 identifies a nuclide or material. The MAT
numbers adopted in JENDL/D-99 are determined as follows and given in Table 2.2.1.

MAT = atomic number x100 + 25 +3*( N-1)

where N is a number corresponding to an order of isotopes. In the case of natural elements, the
lower two digits are set to zero. The MF numbers are as follows.

MF

description

33

descriptive information on the data.
resonance parameters.

Cross sections.

covariance matrices.

In MF=2 of both of the point-wise and group-wise files, only scattering radius and spin of the
nuclide are given. For nuclides whose original data have the unresolved resonance parameters, the
parameters are stored in the point-wise files. These parameters must be used only for self-shielding
factor calculation, because the contributions from the unresolved resonance parameters have been

already added to the cross sections.

The MT numbers in columns from 73 to 75 represent reaction types. The following MT numbers

are used in JENDL/D-99.

MT

reactions

16
18
28
51
57
102
103
107
205
207
220
221
222

total cross section

(n,2n) reaction

fission

(n,np) reaction

inelastic scattering to the 1-st level
inelastic scattering to the 7-th level
capture

(n,p) reaction

(n,o) reaction

t production

o production

%S¢ production (used in the data of Ti)
YTSc production (used in the data of Ti)
8¢ production (used in the data of Ti)
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The first record of the file is a tape ID record. The data are stored from the second record. A
set of records with the same MT number is called as a section. Just after a certain MT section, a
‘section-END record’, whose MT number is set to zero, follows. If there are various MT sections,
data are arranged in the increasing order of MT numbers. The set of records with the same MF
number ends with an "MF END record’ (MF=0, MT=0). The last record of certain MAT data is a
‘MAT END record’ (MAT=0, MF=0, MT=0). After this record, the data of the next nuclide are
stored. The last record of the file is a ‘tape END record’ (MAT=-1, MF=0, MT=0). The followings
are explanations of MF’s of 1, 3 and 33. MF=2 is not important for usual use of the JENDL/ D-99.

1) Descriptive data and list of contents
In the beginning of each nuclide data, descriptive information on the evaluation and compilation
is given in the following format.

ZA AWR LRP LFI 0 NMOD MAT 1 451
0.0 0.0 0 0 0 6 MAT 1 451
1.0 0.0 0 0 10 3 MAT 1 451
0.0 0.0 0 0 NWD NDC MAT 1 451
MAT 1 451

descriptive data (NWD records) MAT 1 451
MAT 1 451

MF, MT;, NCD; MOD; MAT 1 451

MAT 1 451

MFype MTanpe NCDnpe MODype MAT 1 451

| 0

ZA represents a nuclide as Z x 1000 + A, and AWR is weight of the nuclide in a neutron mass unit.
LRP is a flag for resonance parameters. In the group-wise data file, LRP is zero for all the nuclides,
which means no resonance parameters are given. For many nuclides in the point-wise data file, LRP
is also zero. In only the case where the unresolved resonance parameters are given for the calculation
of self-shielding factors, LRP is set to 2. LFI indicates whether this material includes fission cross
sections. NMOD is the status of the evaluation. NWD is the number of descriptive information
records which follow the fourth record. Just after the descriptive data records, NDC records of a
content list are given. In the content list, MF, MT numbers are given with the number of records
(NCD) and a modification number (MOD).

2) Cross Section Data
Cross section data are given in the following format.

ZA AWR 0 0 0 0 MAT 3 MT
QM QI 0 0 NR NP MAT 3 MT
NBP(1) INT(1) .. .. MAT 3 MT
E(1) SU) E@2 S@ EB3) SB) MAT 3 MT
E4) S@ E@B) SO .. .. MAT 3 MT
E(NP) S(NP) MAT 3 MT

MAT 3 0
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QM : mass difference Q-value (eV).

QI : reaction Q-value (V).

NR : number of interpolation ranges.

NP : number of energy points. .

NBP, INT : interpolation method (INT) to be used up to the NBP-th energy point. The following
interpolation methods can be used.

INT description

S is constant in E (constant)

S is linear in E (linear-linear)

S is linear in log(E) (linear-log)
Log(S) is linear in E (log-linear)
Log(S) is linear in log(E) (log-log)

[ I S

E and S are values of energy (eV) and cross section (barns). In the group-wise file, they are
given at a lower limit of an energy interval, and the cross section in an interval is constant and
equal to S. Therefore, only constant interpolation is used: NR= I, NBP=NP and INT=1 (constant).

3) Covariance

The covariance data for cross sections are given in MF=33. The format for covariance data is
more complicated than that for cross section data. In the JENDL/D-99 file, covariance matrices
between different reactions are not given. Therefore, the description here is restricted to the
explicit covariance (NI-type) and the options used in the JENDL/D-99 file. Full description of the
format can be found in Ref. 19.

The MF=33 starts with the following record, and NL sub-sections follow it:

ZA AWR 0 0 0 NL MAT 33 MT

| NL sets of sub-section |

Each sub-section represents the covariance matrix between the cross sections for (MAT, 3, MT)
and (MATI, 3, MT1). In the JENDL/D-99 file, only one sub-section is given to describe the
covariance matrix for the cross section (MAT, 3, MT) itself. Therefore NL=1, and in this case
MAT1=0. The value of MT]1 is given in the first record of the sub-section. The sub-section has the
following structure.

0.0 0.0 0 MT1 0 NI MAT 33 MT

| NI sets of sub-sub-section |

The covariance matrix is a sum of those matrices described in NI sub-sub-sections. The
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sub-sub-section starts with the foll owing record.
0.0 0.0 LT LB NT NP MAT 33 MT

LB is a flag on covariance representation and NT is the number of values following this record.
NP is the number of pairs of values in the arrays given in the following records. Let o ; refer to an
average cross section at energy x;. Then,

NI
COV(s,,6,) = ),COV(5,,6)),
n=1

An element of covariance matrix described in the n-th sub-sub-section, COV( g j, ¢ j), , is written
as follows depending on the flag LB:

IB=0 COV(oion =F(x) ifi=j; otherwiseO,
ILB=1 COV(oio0o j)n =F(x)oio; ifi=j; otherwise 0,
IB=2 COV(O’i,O'j)n =F(Xi)F(Xj)o‘i0'j .

For these cases, NP pairs of (E, F) are given jusi after this record (NT=2xNP). F (x;) means the
value in the energy interval containing x;.

LB=3 COV(sio) =Fx)F(x)oio;

In this case, sets of (E, Fk) and (E, F') are given in this order. LT represents the number of (E, F)
pairs, and NP is the total number of (E, Fk) and (E, F’) pairs (NT=2xNP).

Another LB used in the JENDL/D-99 file is LB=5 where elements of covariance matrix are
written as

ILB=5 COV(O‘i,O'j)n =F(Xi,Xj)0'i0'j ,

where F (x;,x;) denotes the value in the energy interval which contains both of x; and x;. In this case,
if LT=0, an asymmetric matrix F is given, and if LT=1, a symmetric matrix F is given. NP is the
number of energy points (NP=the number of energy interval + 1), and NT is the number of total
elements. The use of LB=5 allows the representation of more complicated correlation than that of
LB=3, since the two-dimensional array F (x;,X;) is employed.
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3. Integral Tests for Fission Reactors
3.1 Comparison with IRDF-90V2

3.1.1 Resonance Integral

Resonance integrals calculated from the JENDL Dosimetry File 99 (JENDL/D-99) are
compared with the recommended values by Mughabghab et al.””, those obtained from
JENDL/D-91% and IRDF-90V2”, and the measured data by Kobayashi et al.”® The calculation
was made above a cutoff energy of 0.5 eV, and the results are given in Table 3.1.1.

The resonance integrals calculated from the JENDI/D-99 are in good agreement with
Mughabghab’s recommendation except for the 55Mn(n, ) and 58Fe(n, ) reaction cross sections.

3.1.2 Average Cross Sections in Fission Neutron Fields

In this section, JENDL/D-99 is compared with IRDF-90V2 by calculating average cross
sections using the ten standard group-wise spectra stored in IRDF-90'®, all of which are related to
the fission neutron fields. In addition, in the present report, two neutron spectra of JOYO and JMTR
have been used.

No. spectra
1 Blof spontaneous fission spectrum (NBS evaluation)zg)
2 25 thermal fission spectrum (NBS evaluation)3°)
3 23U thermal fission spectrum (ENDF/B-V)?
4 Intermediate-Energy Standard Neutron Field (ISNF)3 b
5 Coupled Fast Reactivity Measurement Facility (CFRMF)*>
6  10% **U-enriched uranium cylindrical critical assembly (BIG-TEN)™>
7 Coupled thermal/fast uranium and boron carbide spherical assembly (22)34) E < 15
MeV)
8  ORR™ (E<20MeV)
9  YAYOP® (E <20 MeV)

10  NEACRP benchmark spectrum’” (E < 10.5 MeV)
11 Neutron spectrum in the core of JOYO™

12 Neutron spectrum in the core of JMTR

The neutron spectra from 1 to 10 are given in the energy range from 10* eV to 18 MeV, except that
the 2%, ORR, YAYOI and NEACRP benchmark spectra are defined below 15, 20, 20 and 10.5
MeV, respectively. The neutron spectra of 11 and 12 (JOYO and JMTR) are given between 107 ev
and 20 MeV and between 3.3x10™ eV and 16.5 MeV, respectively. Figures 3.1.1(a), (b), (¢) and
(d) show these 12 spectra. More detailed descriptions of ISNF, CFRMF, XX, YAYOI, JOYO and
JMTR are given in Section 3.3 together with comparison with experimental data.

The average cross sections were calculated from the group-wise data file in the energy range
from 10 eV to 20 MeV where the spectra are given:

5= B(E)(E A, 0
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where E(Ei) and ¢(E,) are group-wise cross section and spectrum in the i-th energy group, and

AE.

. is an energy width of the i-th energy interval. The spectrum is normalized as follows:

Z¢(E, )AE,' =1 2)

i

Error of the average cross section was estimated as:

(65) =Y. > {cov(o(E )o(E, Jo(E ()

+o(E)o(E,)cov (3(E, (B, JAE,AE, | ®

where COV(o(E;) o(E;) ) and COV(KE;) #(E;)) are components of covariance matrices for the cross
section and the spectrum, respectively. Since covariance matrices of spectra are not given in the
IRDF-90 spectrum file, we assumed that the diagonal and off-diagonal elements for the neutron
spectra would be 5% and 2%, respectively, considering the results obtained by Mannhart*” and
Kobayashi et al*’  The following covariance matrix was assumed for all the spectra:

diagonal parts : COV (#(E) /(E))) = (0.05)> HE),
off-diagonal parts : COV (@B ¢(E)) = (0.02)> #E) A(E).

The average cross sections obtained with JENDL/D-99 are compared with those by IRDF-90V2
in Tables 3.1.2 -~ 3.1.13. For each spectrum, the average cross sections calculated from the
JENDL/D-99 and IRDF-90V2 are given in the unit of mb. Calculated errors which include both
contributions from cross section and spectrum uncertainties are given only for JENDL. The
contributions from spectrum uncertainties are about 2 or 3 %. The NEACRP benchmark spectrum
is defined below 10.5 MeV, and therefore the average cross sections are zero for the reactions with
threshold energies larger than 10.5 MeV.

Differences between JENDL/D-99 and IRDF-90V?2 were obtained as:

Diff. = (IRDF—9OV2)—(JENDL/D—99)XIOO. @
JENDL/D-99

They are given in the last column of each table. Furthermore, an asterisk is written at the right end of
each cross section in the case where the discrepancy is larger than 5 %, 2 asterisks in the cases
discrepant more than 10 %, 3 asterisks in the cases discrepant more than 20 %, and 4 asterisks in the
cases discrepant more than 40 %.

As the results of comparison of the average cross sections, a large discrepancy is found for the
following threshold reaction cross section:

47Ti(n,np)“Sc.

The following five capture cross sections are also discrepant:
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BNa(n,y)**Na, “Sc(n,y)*Sc, **Fe(n,y)*Fe, '®Agn,)''""Ag, and "*In(n,y)'"*"In.

Other reaction cross sections are almost consistent with each other. Discrepancies among
group-wise cross sections for these reactions can be seen in the figures in Appendix.

3.2 Integral Test with Fission Neutron Fields

3.2.1 Standard Neutron Fields

Standard neutron spectrum fields and neutron benchmark fields are important not only for the
development of accurate and reliable reactor dosimetry techniques and surveillance programs but
also for dosimetry cross section measurements and neutron detector calibrations. The standard
neutron field is required to fulfill the following conditions:

1) The neutron spectrum should be known as precisely as possible.

2) Its shape should be gently-sloping without resonant peaks and dips.

3) The spectrum is reproducible in inter-laboratories.

4) The neutron flux should be flat for position and angle.

5) The absolute value of the flux should be obtained precisely.

A pure ?°U fission neutron field is apt to be hampered by perturbation effects arising from
epithermal neutron background, wall returned and scattered neutrons. Due to these inherent dis-
advantages, the B5U fission neutron field is superseded by the cf spontaneous fission neutron
field.  With a compact form of a 2*2Cf source and a high specific neutron yield (2.3 x 10°
n/mg/sec), the ®cf spontaneous fission neutron field can be realized to be almost free of spectrum
distortion effects.

At the IAEA Consultants Meeting in 1976, the classification of benchmark neutron fields was
carried out*. In the fast neutron energy region, the spontaneous fission neutron spectrum of e
was classified as belonging to the standard neutron field in category I. The thermal neutron-induced
fission spectrum of 55U was identified as a reference neutron field. These standard and reference
neutron fields make the spectrum-averaged data very useful for the validation of energy dependent
cross section evaluations.
22Cf Spontaneous Fission Neutron Field

In 1970s, it was regarded that most of the >2Cf spontaneous fission neutron spectrum data
between 250 keV and 8 MeV were in agreement with each other. The uncertainties of the spectrum
in the lower and higher energy regions were, however, still considerably large. Much effort has been
concentrated on new experiments and theoretical attempts in order to investigate and resolve the data
discrepancies in the *Cf fission neutron spectrum43‘44). Although a large number of measurements
of the °Cf spontaneous fission neutron spectrum were made for more than 35 years, old
experiments lack a detailed description that was needed for an estimate of corrections or re-analysis
of the data.  In order to evaluate the “>*Cf fission neutron spectrum precisely, Mannhart® selected
six differential experimental data between 25 keV and 19.8 MeV. Based on the documented
uncertainties and additional information from the authors, he generated a covariance matrix for each
experiment, and used these values in the data fitting process performed with the least squares
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methods.

The »’Cf spontaneous fission neutron spectrum evaluated by Mannhart™ was illustrated
relative to a Maxwellian distribution®® with T=1.42 MeV in Fig. 3.2.1. The uncertainties were
obtained from the diagonal elements of the resultant covariance matrix. The relative uncertainty is
2 % between (.25 and 8 MeV, more than 5 % in the lower range, and more than 10 % in the higher
energy range.

35U Thermal Fission Neutron Field

This fission spectrum was recommended as a reference neutron fiel
experimental works have been carried out to obtain the 2**U fission neutron spectrum‘m, and the
results have been tried to fit with semi-empirical formulas such as a Maxwellian or a Watt-type
spectrum46’48). Theoretical works have been also performed to predict the 25U fission neutron
spectrum“g'5 ) Kimura and Kobayashi presented the characteristics of the fission neutron spectrum
with a large fission plate, and measured some fission spectrum-averaged cross sections™>?,
Kobayashi et al. also obtained the **°U fission neutron spectrum by the neutron spectrum adjustment
method using multi-foil activation data*'?.

In recent years, much attention has been paid to the covariance matrix in the neutron spectrum
which is required to give the uncertainties to the calculated spectrum-averaged cross sections.
However, few papers report the neutron spectrum with the covariance matrix, except for the

41’55), while some of recent cross section libraries contain the

d?. A large number of

Kobayashi’s and Petilli’s works
covariance matrix.

In ENDE/B-IV and JENDL-2, the Maxwellian distribution with E,, =1.98 MeV was adopted. A
Watt-type spectrum was employed in ENDF/B-V. In the JENDL-3 General Purpose File”, the
Madland-Nix model description®” was taken as the *°U fission neutron spectrum. Very recently,
Ohsawa™? proposed a modified description of the Madland-Nix model and the result was taken in
the JENDL-3.2. The fission spectrum in JENDL-3.2 seems to be rather underestimated than the
Watt-type in the higher energy region. Works by J ohansson®, Kobayashi'“) and Nakazawa® support
the Watt-type spectrum as the *°U fission neutron spectrum, and show that the Maxwellian
spectrum gives overestimation compared with the Watt-type spectrum, especially in the higher
energy region above 10 MeV. The Watt-type spectrum gave general agreement between the
measurement and the calculation of the spectrum-averaged cross sections using the JENDL/D-91%.

3.2.2. Measured Average Cross Sections
22Cf Spontaneous Fission Spectrum-Averaged Cross Sections
Spectrum-averaged cross sections measured with the B2t spontaneous fission neutron field are
available for about 40 neutron reactions of importance in the reactor dosimetry56). There are two
groups of experiments for the average cross sections: those with a complete uncertainty description
and those to which the detailed information for uncertainty treatment is not always given. The
former group of experiments is of particular importance, owing to their high accuracy and suitability
for the evaluation of energy dependent cross sections.
In the present work, the data summarized by Mannhart™® are practically used for the
comparison with the calculated average cross sections. He included the experimental data with the
covariance matrices measured by himself, Kobayashi and other seven groups, and he gave the
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covariance matrices to the summarized and evaluated 31 kinds of reactions. Additionaily, the
average cross section data®®, which were incomplete with experimental uncertainty and were not
given in the best set of the above 31 least squares evaluation data, were also employed as
supplemental data for the comparison with the calculated average cross sections.

25U Thermal Fission Spectrum-Averaged Cross Sections

Many groups have prepared and established the 25U fission neutron field and measured
spectrum-averaged cross sections which are often used for the integral assessment of energy
dependant cross sections*!™333576D " A review of all available data is given in the JAEA Technical
Reports Series No.156°”, Unfortunately, a detailed list of uncertainty contribution which makes it
possible to generate covariance matrices is not given in Ref. 57. Then, it may be difficult to estimate
the quality of these data, and this fact hampers trustworthy evaluation of the experimental data.

Some of the experimental data of the 25U fission spectrum-averaged cross sections have been
carefully measured with detailed experimental uncertainties. Mannhart™ measured the average cross
sections of 17 reactions of importance in reactor doéimetry by making use of the 254 fission neutron
field of the BR1 at Mol. A cylinder type of the 25y fission neutron source and sample foils were set
at the center of a spherical cavity of 1 m in diaméter inside the vertical graphite thermal column.
He gave a complete covariance matrix to his results. The uncertainties in his experiment were 4 to
6 %. Gilliam et al.’® observed fission rates by means of NBS (now NIST) fission ionization
chambers inserted into the central cavity of the Mol reactor BR1. The experimental uncertainties
obtained were about 2 to 3 %. Peilli and Gilliam™ analyzed these measured data and generated the

covariance matrix.

Recently, Kobayashi et al. measured 12 kinds of threshold reactions for the
spectrum-averaged cross sections*"%, They used a big fission plate of 31.3 cm in diameter and 1.1
cm thick, which was installed in an irradiation room (2.4 X 2.4 x 2.4 m3) of the heavy water thermal
neutron facility at the Kyoto University Reactor, KUR. They also gave a complete set of the
correlation matrix to their results with the resultant uncertainties of several percent,

In this report, the experimental data obtained by Mannhart and Kobayashi et al. have been
practically employed for the comparison of the calculated average cross sections. The measured

average cross sections for the (n,f) reactions on 35y, BBy, 237Np and 2*Pu have been adopted from
58)

235U fission neutron

the Gilliam’s work

Very recently, Mannhart presented a best set of average cross section measurements for 30
dosimetry reactions in the 25( fission neutron spectrum field®”. The systematic evaluation is based
on 38 experiments and has been performed by comparing the data between the 22Cf and the 2°U
fission neutron spectrum fields.

3.2.3 Comparison of Average Cross Section Data

Spectrum-averaged cross sections and the error of calculated average cross sections have been
derived by using Eqs. (1) and (2) given in the former Section 3.1.2. As standard neutron fields, the
Pt spontaneous fission neutron spectrum evaluated by Mannhart® and two kinds of *°U fission
neutron spectra were used as shown below. The calculated average cross sections were compared
with experimental data. Since the covariance matrix was not always given in the neutron spectrum,
the following covariance matrix was assumed for the present calculations, as seen in the former
section: all of the diagonal elements have 5 % uncertainties, and all of the off-diagonal elements
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2 %.

»2Cf Spontaneous Fission Spectrum-Averaged Cross Sections

For the comparison of the calculated and measured spectrum-averaged cross sections, the ®2cf
spontaneous fission neufron spectrum evaluated by Mannhart* was employed. The experimental
data were taken from the Mannhart’s recommended values and/or compilation data®®. The measured
and the calculated *Cf spectrum-averaged cross sections are given in Table 3.2.1.

From the comparison of the calculated data with the measured ones as shown in Table 3.2.1, it
can be found that most of the spectrum-averaged cross sections calculated with JENDL/D-99 are in
agreement within 5 to 10% with the measured ones. However, the calculated cross section for the
5 5Mn(n,2n)54Mn reaction is larger by more than 20 % than the measured, while the cross section
calculated with the 59Co(n,y)(’OCo reaction is smaller by almost 20 % than the measured one.
These tendencies were commonly seen in both of the Maxwellian and the Mannhart spectra in the
previous report’. There was much improvement in the cross sections of 60Ni(n,p)éOCo and

8 Cu(n,y)“Cu reactions, as seen in Table 3.2.1.
For the validation test of the dosimetry cross section, we have made the following calculation
using the JENDL/D-91 and the JENDL/D-99:

(5)

, {Exp())— Cale(i)}
D =
7 Z {Exp(i)}’

where Exp(i) stands for the measurements, Calc(i) the calculations, and “ i ” the number of the
reactions used. Each value of Diff for the JENDL/D-91 and the JENDL/D-99 was 0.474 and 0.159,
respectively. It can be said that the agreement between the measurement and the calculation using
the JENDL/D-99 has been improved compared to that using the JENDL/D-91.

It can be seen that most of the averaged cross sections for the (n,2n) reactions with the
Mannbhart spectrum are rather in agreement with the measured ones, except for the SMn(n,2n)**Mn
reaction, compared to the averaged cross sections with the 5y fission neutron spectra, as mentioned

below.

25U Thermal Fission Spectrum-Averaged Cross Sections
Neutron spectrum used for the present calculation of the spectrum-averaged cross sections is

the Watt-type spectrum:
X(E) o exp (-E / 0.988) sinh(¥ 2.249E)*,
where E is an emitted neutron energy in MeV.

For the supplementary comparison, we have also employed the neutron spectrum by the
modified Madland-Nix model, which was proposed by Ohsawa®> and adopted in JENDL-3.2.

The experimental data appearing in Table 3.2.2 were practically taken for the comparison of
the calculated data. These data are close in principle to the recent data evaluated by Mannhart®”
within the uncertainty. Most of the calculated average cross sections are close to the measured ones.
We have had following findings by the detailed comparison between the calculation and the
measurement with each fission neutron spectrum. The results of the integral comparison using the
Eq.(5), the values of Diff for the sets of Watt-type/JENDL/D-91, Watt-type/JENDL/D-99 and
Madland-Nix/JENDIL/D-99 are 0.248, 0.239 and 0.359, respectively. From the results and those in
Table 3.2.2, it may be said that the use of the Madland-Nix spectrum leads to smaller cross sections
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than that of the Watt type. There was a marked improvement, as seen in Table 3.2.2, for the
64Zn(n,p)MCu reaction in JENDL/D- 99 compared to that in JENDL/D-91. In cases of the (n,2n)
reactions on 59Co, 8Ni, *°Zr and 93Nb, all of the C/E ratios are lower than unity, although the ratios
for the Maxwellian fission spectrum, which were not indicated in Table 3.2.2, gave higher values
than unity. For the 90Zr(n, 2n)892r reaction, Kobayashi et al. measured the value of 0.0860 % 0.0065
mb>®, which was in better agreement with the calculations.

The C/E ratios observed in the calculated and the measured average cross sections listed in
Tables 3.2.1 and 3.2.2 show the same tendency between the data for both 22¢f and U Waltt-type
fission neutron spectra, although the results by the 22Cf spectrum are generally closer to the

measurements than those by the By spectrum.
3.3 Integral Test with Reactor Neutron Fields

3.3.1 Reactor Neutron Fields

For the integral tests of JENDL/D-99, four kinds of reactor neutron fields were selected: ISNF,
CFRMF, =¥ and YAYOI as used in the previous integral tests of JENDL/D-91. The report of the
JENDL/D-91 file” includes the numerical data of their well characterized neutron spectrum fields
and abundant experimental data available for the integral tests. Neutron spectrum data for the JOYO
and the JMTR were newly added to the present integral tests. By using these neutron spectra which
are illustrated in Figs. 3.1.1(a),(b),(c) and (d), averaged cross sections have been calculated from
JENDL/D-99, -91 and IRDF-90V2, and compared with the corresponding experimental data,
respectively. In cases of the spectrum fields of BIG-TEN, ORR and NEACRP, however, the
calculated results have not been used for the integral tests, because the spectrum shape of ORR is in
general agreement with that of JMTR, and the spectrum shapes of BIG-TEN and NEACRP are close
to those of YAYOI and ISNF/CFRME, respectively, as seen in Figs. 3.1.1(b), 3.1.1(c) and 3.1.1(d).

Here are presented the results of the integral tests with brief descriptions of the neutron
spectrum fields and available data for testing the dosimetry reactions.

3.3.2 ISNF

The Intermediate-Energy Standard Neutron Field (ISNF) is an irradiation facility designed to
produce neutron spectrum components in the energy range of interest for fast reactors™ 12 ag
seen in Fig. 3.1.1(b). The neutron spectrum shape in this system can be calculated with
comparatively good accuracy because of the spherical symmetry of the system and the use of
materials whose nuclear cross sections are among the best known. The simplicity of one dimensional
calculation permits detailed investigation of the spectrum and cross section sensitivity to
uncertainties in physical and nuclear parameters of the system and spectrum perturbation due to
extraneous materials required for fabrication. The mean energy of the spectrum is about 0.58 MeV,
with 98% of the neutron fluence between 1.2 keV and 5.6 MeV. The low energy tail below 10 keV
is calculable with an accuracy better than 5%.

For the present integral test of the JENDL/D-99, the following spectrum-averaged cross
sections measured in the ISNF were used as seen in Table 3.3.1: 23Na(n,y)“Na, 45Sc(n,y)‘""Sc,
59C0(n,’Y)60C0, HSIn(n,n’)l'S"'In and 197Au(n,y)'gBAu, of which uncertainties are from 2.6% to 6.4%
and consist of those from their neutron fluence and the activation measurement. Since, except the
HSIn(n,n’)HS"‘In reaction, they are resonant reactions, the dominant uncertainties are caused by some
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corrections of self-absorption effects and energy-dependent fluence gradient.

3.3.3 CFRMF

The Coupled Fast Reactivity Measurements Facility (CFRMF) located at the Idaho National
Engineering Laboratory (INEL) is a zone-core critical assembly with a fast neutron spectrum zone in
the center**>%+®". As shown in Fig. 3.1.1(b), the neutron spectrum of the central zone is spanned
over the intermediate neutron energy range, where 95% of the neutrons are between 4 keV and 4
MeV and the mean neutron energy is about 370 keV. The characterization of the central spectrum
shape is established by means of an extensive program of spectrum measurements and neutronics
calculations using transport, Monte Carlo and resonance theory codes. The measurement by the
proton-recoil spectrometry defined the differential spectrum to 5% over the energy region from
10 keV to 1.0 MeV. The agreement among the calculated neutron spectra is reasonably good under
the difficulty of a suitable calculation model for the complex assembly.

The spectrum-averaged cross sections of 22 reactions in Table 3.3.2 are available for the
present integral tests. Some of them were obtained from the intercomparison study on the reaction
rate measurements among several U.S. laboratories, demonstrating that reaction rate would be able
to be determined with an accuracy of ~+2%(1q). '

334 XX
The XX facility at Mol is a thermal-fast coupled spherical source assembly located within a

43468) \which features a one-dimensional geometry composed

conventional graphite thermal column
of homogeneous material zones of known size and composition with reasonably well-known cross
sections. The recommended neutron spectrum at the center of XX, as seen in Fig. 3.1.1(b), was
evaluated from the inter-laboratory neutron spectrometry measurements combined with a discrete-
ordinate transport calculation. A 5% agreement is generally found from 0.02 up to 4 MeV
between the various experimental spectra.

The discrepancies between the spectrometry measurements and the calculations never exceed
+15% above 3 keV and are interpretable in terms of nuclear data inaccuracy of the XX structural
materials, while the tremendous deviations between the various calculations below 3 keV can be
explained due to differences in the self-shielding prescriptions and the 28U nuclear data.

The spectrum-averaged cross sections of 15 reactions are available from the recommended ZZ
central reaction rate data, as seen in Table 3.3.3. They were measured relatively to a specific X
thermal neutron flux, which was based on the activation reactions of 115 In(n,n’)”S"‘In and '97Au(n,

v)'*® Au and corrected by the transport calculation.

3.3.5YAYOI

The YAYOI at Nuclear Engineering Research Laboratory, the University of Tokyo, is a 2 kW
air-cooled fast neutron source reactor with 93% enriched uranium metal fuel***7", which can
provide a variety of standard neutron fields by moving the core assembly in different surroundings
such as heavy-concrete shields, a lead octagonal pile and bare of shield. The core-center neutron
spectrum can be expressed by a linear combination of two spectrum modes from a fission neutron
source and a spectrum with neutron inelastic scattering, as shown in Fig. 3.1.1(c). Experimental data
were employed to determine the spectrum parameters by using the least squares method. The
uncertainty of the neutron spectrum is roughly estimated as +10%(1 o) between 0.1 and 10 MeV,
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and =30%(1 o) outside of this energy region.

The spectrum-averaged cross sections for 22 reactions in Table 3.3.4, which were derived from
the reaction rate data or the relative ratio data to the *¥Ni(n,p)**Co reaction measured in the YAYOI
core center field, were used for the present integral test. Some of these spectrum-averaged cross
sections and their uncertainties were justified through the intercomparison studies on reaction rate
measurements in Japan.

3.3.6 JOYO

The experimental fast reactor JOYO at Oarai Engineering Center of Japan Nuclear Cycle
Development Institute is a sodium-cooled fast reactor’>’>. The present Mark-II core uses high
enriched plutonium and uranium mixed oxide fuel. The core is small and surrounded by stainless
steel reflectors, therefore it has a relatively hard neutron spectrum as seen in Fig. 3.1.1(c) and the
mean neutron energy in the core center is about 200 keV. The reactor has been operated as an
irradiation test facility for testing fuels and materials for future fast reactors and for fusion materials.
The accuracy of neutron fluence evaluation had been confirmed within 3% through the integral tests
in a fast reactor neutron field in YAYOI and the reactor dosimetry intercomparison study between
JOYO and EBR-IL

In order to evaluate the applicability of the JENDL/D-99 file, the integral tests have been
performed with the fast neutron spectrum field at the center of the JOYO Mark-II core. A set of
dosimeter foils consisting of eight reactions of 46Ti(n,p)‘“”Sc, 54F<=,(n,p)54Mn, 58F<=,(n,y)59Fe, 58Ni(n,
p)*Co, *Co(n,)*Co, ®Cun,0)®Co, **U fission and *'Np fission was irradiated there for
approximately 30 days. The neutron spectrum at the dosimeter position is shown in Fig. 3.3.1.

The neutron spectrum at the dosimeter foils was calculated using the two dimensional discrete
ordinate transport code DORT ™. The core configuration was modeled in XY geometry, and the 100
group cross section set of JSD-J2/JFT-J2, which was processed from JENDL-2 1ibrary74), was
utilized. The 103 group cross section data were processed by the NJOY code’ for nuclides to be
used in the JOYO dosimetry. The absolute value of neutron flux was normalized so that the >°U
fission rate using the calculated neutron spectrum agreed with the measured reaction rate. The
adjusted neutron spectrum is shown in Fig. 3.3.1 or Fig.3.1.1(c), and the fluxes are estimated to be
3.8 10" n/cm/s (total) and 2.6 X 10'* n/em®/s (E,>0.1MeV).

Table 3.3.5 shows the calculated results for JENDL/D-99 and JENDL/D-91. At the core center
position of JOYO, all calculated values of the averaged cross sections based on JENDL/D-99 agreed
well with the experimental values. The C/E ratios ranges from 0.96 to 1.23. By comparing the results
between JENDL/D-99 and JENDL/D-91, small differences exist, except for the **Fe(n,y )*Fe
reaction whose data were improved significantly in JENDL/D-99.

3.3.7 JMTR

The Japan Materials Testing Reactor JMTR) at O-arai Research Establishment of JAERI is a
light water moderated and cooled 50 MW tank-type reactor with fuels of 19.75%-***U enriched
U3Si, dispersion alloy. It has been utilized®® for wide range irradiation of reactor materials and for
isotope production since 1968.

The integral tests have been performed with eight reactions of 46Ti(n,p)“Sc, >*Mn(n,2n)*Mn,
*Fe(n,p)**Mn, **Fe(n,1)**Fe, *Co(n,1)*°Co, *Ni(n,p)**Co, ®Cu(n,0)®°Co, and '®Agn.y)"'*"Ag. The
dosimeter set for the reactions was irradiated for 25 days.
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Figure 3.3.2 or Fig. 3.1.1(d) shows the neutron spectrum of 137 energy groups at the
irradiation position near the core center (H-9) of the JMTR. The neutron fluxes there were estimated
to be 7.4x10" n/em¥s ( 1.3x10™ n/cm®s for E;>1.0 MeV, and 1.5x10'* n/cm/s for E,<0.68¢V) and
the neutron fluence was 1.6x10%' n/cm?, respectively. The neutron spectrum was calculated using the
ANISN code’® and normalized to the measured reaction rates of three gradient monitors placed near
the dosimeter set. The neutron cross sections and their covariance matrices based on JENDL/D-99,
JENDL/D-91 and IRDF-90V2 were processed into 137 energy groups by the NJOY code’. The
calculated results of the spectrum-averaged cross sections were compared with the experimental data,
and the uncertainty analysis was carried out using the NEUPAC code™.

Table 3.3.6 shows the results of the integral tests using JENDL/D-99, JENDL/D-91 and
IRDF-90V2 at the H-9 position of the JMTR irradiation field’””. All of the calculated
spectrum-averaged cross sections based on JENDL/D-99 are in good agreement with the
experimental values within about * 15%. Especially, the C/E values of the Fe(n,p)**Mn,
59Co(n,y)60C0, 58Ni(n,p)5 5Co and %*Cu(n,0)®Co reactions show good agreement within £ 5%.
Comparing with the average cross sections from IRDF-90V2, it is found that the calculated values of
the 46Ti(n,p)%Sc, 55Mn(n,2n)54Mn, 5gFe(n,\()S °Fe and 63Cu(n, (X)éOCo reactions in JENDL/D-99 show
slightly improvement in the C/E ratios. In case of the 109Ag(n,y)”o"’Ag reaction, the average Cross
section calculated from JENDL/D-99 is somewhat larger than the experimental value,

3.3.8 Results and Discussion

Tables 3.3.1 to 3.3.6 summarize the comparison of the measured average cross sections and those
calculated with JENDL/D-99, -91 and IRDF-90V2 using the neutron fields in ISNF, CFRMF, XX,
YAYOI, JOYO and JMTR, respectively.

In the ISNF results, the C/E ratio of the 45Sc(n,\() cross section in JENDL/D-99 has been fairly
improved from that in JENDL/D-91. Except for the 7 Au(n,y) reaction, the JENDL/D-99 data
would be reasonable, since some systematic discrepancies in the C/E ratios between threshold and
non-threshold reactions might be due to insufficient correction of self-shielding effects for the
experimental data.

For the CFRMF results, the trend of the C/E ratios for the 4 Sc(n,y) and 59Co(n,y) reactions in
JENDL/D-99 resembles that for the ISNF results. The C/E ratios for the 464748 i(n,p) cross sections
in JENDL/D-99 have been greatly improved within the estimated uncertainties as compared to those
in JENDL/D-91 and IRDF-90V2. The C/E ratio for the **Fe(n,y) reaction in JENDL/D-99 has been
drastically improved.

In the X results, it is found that the C/E ratio for the “Cu(n,y) reaction in JENDL/D-99 has been
fairly improved from that in JENDL/D-91 as that for the CFRMF result. Concerning the (n.f)
reactions of 22Th, *°U, **U, *'Np and 2¥py, the JENDL/D-99 data give reasonable C/E ratios.
However, the C/E ratios for the threshold reactions are found to be underestimated systematically.

The YAYOI results show that the C/E ratio have trends of systematic over-estimation for the high
threshold energy reactions and underestimation for the (n,y) reactions although the C/E ratios of
JENDL/D-99 seem generally better than those of the other two files.

These systematic discrepancies in the £ £ and YAYOI results are considered mainly due to
larger uncertainties of the neutron spectrum data used for the calculation than those assumed in the
higher energy region about several MeV and also in the thermal/epithermal energy region.

From the results of eight reactions using the JOYO Mark-II core spectrum, reasonable C/E ratios
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with the data in JENDL/D-99 were obtained from 0.96 to 1.23. It is said that the data in
JENDL/D-99 were much improved, especially with the 58Fe(n,y)nge reaction.

With the JMTR spectrum, the average cross sections by JENDL/D-99 are generally closer to the
experimental values than those by JENDL/D-91. The calculated results based on the JENDL/D-99
yield a small difference from those based on JENDL/D-91 and IRDF-90V2, and show better
agreement, in general, with experimental data for all of the selected reactions. The C/E ratios range
from 0.86 to 1.08 and the averaged C/E ratio is 0.959 + 6.7%. It was concluded that a good
evaluation was made for JENDL/D-99 in the high flux neutron field of fission reactors.
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4. Integral Tests for Fusion Reactors
4. 1 Integral Test in D-T Fusion Neutron Environment

Several important reaction-cross-sections in the updated JENDL Dosimetry File (JENDL/D-99)
for the fusion applications were tested by using experimental data of reaction rates in D-T neutron
fields. The test was carried out by comparing the reaction rates calculated from the neutron spectra
and cross sections in the JENDL/D-99 with experimental values. Also the test for the old version
JENDL Dosimetry File (JENDL/D-91) was performed for comparison. In this section, results of the
test are described in detail.

4.1.1 Neutron Fields Used in the Tests

Two neutron spectra, which are shown in Fig. 4.1.1, were used for the integral test. They are
the same ones as those used in the test for JENDL/D-91%%2 In the spectrum A denoted as Position
#1, the fractions of neutron flux integrated above 10 MeV to those above 1.0 MeV and 5.0 MeV
were 36 % and 77 %, respectively. Thus, this spectrum was considered appropriate for the test of
cross sections around 14 MeV for the reactions with threshold energies around 5 MeV. In the
spectrum B denoted as Position #2, the fractions were 22 % and 58 %, respectively. This indicated
that the weight of low energy component below 10 MeV increased in comparison with that of the
spectrum A at the position #1. In particular, the spectrum B at the position #2 had an important role
in the test for the low threshold reactions because the contribution of 14 MeV flux to the total
reaction rate was reasonably expected to be lower than 10 %. The numerical data of the spectra with
a 125 neutron group structure are given in Table 4.1.1.

4.1.2 Criteria of the Test

Class A: When calculated reaction rates agree with experiments within = 5 %, they are assigned
Class A which indicates that the cross sections are good. This criterion is considered reasonable
because almost all experimental errors are within 5 % .

Class B: If the discrepancy between the calculated and measured reaction rates is in the range
from=* 5 % to £ 10 % , we assign the cross sections Class B which indicates that the cross sections
are almost adequate. However, there is a necessity of further examination of the cross sections.

Class C:  When the difference of the calculated reaction rate from the experiment is larger than =+
10% , the cross sections are assigned Class C which clearly indicates unreasonable evaluation of the
_ cross sections. The cross sections in Class C should be reevaluated with high priority.

4.1.3 Results of the Integral Test

The results of the integral test are summarized in Tables 4.1.2 and 4.1.3 for the Spectra A and
B, respectively. In the tables, the results for JENDL/D-91 are given for comparison. The tables show
types of reactions, measured reaction rates with experimental errors, reaction rates with
JENDL/D-99 and JENDL/D-91, difference in % and criteria status of the test between the
measurements and JENDL/D-99 calculations. The criterion of the discrepancy in (C-E)/E is given
as follows: without * mark (Class A) for <5%, * (Class B) for >5%, ** (Class C) for >10%.
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Ratios of the calculated to the measured reaction rates are giving in parentheses. The test was based
on the deviation and examined in accordance with the criterion as specified.

Comparison of JENDL/D-99 with JENDL/D-91

As a whole, the standard deviations of C/E values for the entire reaction rates in Spectrum A
from the experiments for JENDL/D-99 and JENDL/D-91 are 4.7 % and 6.1 %, respectively, whereas
in Spectrum B they are 3.3 % and 7.1 %, respectively. This result shows JENDL/D-99 gives a better
agreement with experiments than JENDL/D-91. The difference between JENDL/D-99 and
JENDL/D-91 for each reaction rate is not so large except for the 64Zn(n,p)ﬁ“Cu reactions. Note that
the production cross sections of “Sc, 'S¢ and “®Sc for natural titanium were prepared by adding two
contributing reaction cross section in the isotopes, i.e., ot i(n,p)46$c + 47Ti(n,np)46Sc, 47Ti(n,p)‘”Sc +
“Ti(n,np)*’Sc, and “®Ti(n,p)*®Sc + “Ti(n,np)**Sc.

Discussion on Individual Reactions

7T Al(n,0)**Na
As seen in Tables 4.1.2 and 4.1.3, the reaction rate ratio calculated with JENDL/D-99 clearly

differs from the one with JENDL/D-91 in the Spectrum A, while the reaction rates of both
JENDL/D-99 and JENDL/D-91 for the Spectrum B agree with each other. Thus, it suggests that the
cross sections around 14 MeV in JENDL/D-99 is lower than that in JENDL/D-91. The range of the
discrepancies between the calculated and measured reaction rates, however, seems reasonably small
by taking both errors in the experiment and spectra used. As long as the present test is concerned,
JENDL/D-99 gives a satisfactory result by referring the criterion of the test.

M, x)*Sc
The agreement of JENDL/D-99 with the experiment is better than that of JENDL/D-91 for both
spectra. Although the experimental error of the reaction rate for the Spectrum B is large, it is

concluded that the cross section of JENDL/D-99 is adequate, being in Class A.

Mimx)*sc

The agreement of JENDL/D-99 with the experiment is in a reasonable range for both Spectra.
However, it is noted that the agreement is improved for the Spectrum B in comparison with
JENDL/D-91. For Spectrum A, the calculations rather underestimate the experiments. This is
explained by the fact that the evaluated cross section for the 48Ti(n,np)‘”Sc reaction is lower than the
14 MeV experiments®” done at FNS. In the Spectrum B, the contribution from this reaction
decreases because the high energy neutron flux decreases. On the other hand, it is concluded that
the cross section for the 47Ti(n,p)‘”Sc reaction is properly evaluated.

Min.x)*®sc
JENDL/D-99 and JENDL/D-91 give almost same results and they are in good agreement with
the experiment. They are in Class A.

*Fe(n,py**Mn _
JENDL/D-99 and JENDL/D-91 give the same result and they overestimate and underestimate
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the experiments of Spectra A and B by 9 % and 6 %, respectively. Considering that Spectrum A has
much weight in the 14 MeV region, the overestimation may be attributed to too large cross-section
values around 14 MeV. Nevertheless, verification of data over the whole energy range is
recommended because this reaction has a low threshold energy around 1 MeV. In particular, it has
been pointed out that a large uncertainty exists in the cross section around several-MeV region. The
problem that was pointed out in the previous report ¥ still remains.

56Fe{n,p)56Mn
The reaction rate ratios of JENDL/D-99 to JENDL/D-91 for both Spectra A and B are slightly

larger than 1.0. This indicates that the cross section of JENDL/D-99 is higher than that of
JENDL/D-91. Both JENDL/D-99 and JENDL/D-91 calculations, however, adequately reproduce the
measurements and are regarded as Class A.

*Ni(n.2n)*'Ni

JENDL/D-99 and JENDL/D-91 give reasonably good agreement with the experiment. Both of
the data are in Class A. There must be an improvement in the cross section around the 14 MeV
region because the better C/E value of JENDL/D-99 for the Spectrum A than that of JENDL/D-91

was obtained.

SBNi(n,p) ™ ECo
JENDL/D-99 tends to give larger C/E values for both Spectra A and B than JENDL/D-91. The
overestimation, however, is in the range of Class B and Class A for the Spectra A and B,

respectively.

¥Con,2n)**™ECo
Both JENDL/D-99 and JENDL/D-91 are in good agreement with the experiments for Spectra A
and B. This result suggests that the JENDL/D-99 data are adequate. and in Class A.

¥Com.o) *Mn
Both JENDL/D-99 and JENDL/D-91 give almost same results and they agree with experiments

within 5 %. Thus, it is concluded that the cross section is adequate.

64Zn( n.p 264Cu

The 64Zn(n,p)("‘Cu reaction cross section of JENDL/D-99 seems adequate. The new evaluation
is based on the latest experimental data done by CIAE group84), which gives data points in a wide
energy range. Taking the FNS data® into consideration, the cross section curve should be much

lower than that of JENDL/D-91.

20Zr(n.2n)*™e7r
Both JENDL/D-99 and JENDL/D-91 are in reasonable agreement with the experiments. The

cross sections are in Class A

**Nb(n.2n)°’*"Nb
The JENDL/D-99 and JENDL/D-91 calculations are consistent with the measurements for both
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Spectra A and B. The presently evaluated data are in Class A.

151 n,n”) 5™n
Slight overestimation of JENDL/D-99 is observed for the spectra A and B. The agreement of

JENDL/D-99 and JENDL/D-91 with the experiments, however, is within 5% and it can be
concluded that the cross sections of JENDL/D-99 and JENDL/D-91 are adequate.

4.1.4 Summary

In summary, JENDL/D-99 gives reasonable results as a whole. In particular, good agreement
between the calculations based on JENDL/D-99 and the measurements is observed for the
64Zn(n,p)“Cu reaction with the Spectra A and B as compared with those based on JENDL/D-91. As
a whole, modest improvements were made in JENDL/D-99 because JENDL/D-91 has already
shown high quality. These results assure an improvement over the previous version and good
reliability of the JENDL/D-99 in the D-T fusion dosimetry applications.

4.2 Integral Test using Thick Li(d,n) Neutron Field

In this section, we describe the cross section validation using the thick Li(d,n) neutron field.
This neutron field is characterized by a rather flat spectrum with relatively high intensity up to above
10 MeV because of the large Q-value of this reaction; therefore, the neutron ficld is-available in the
facility of a small accelerator. It has been pointed out that the neutron field is advantageous to the
test of cross sections for both low and high threshold reactions.

The average cross sections for several dosimetry reactions in the thick Li(d,n) neutron field,
which was provided by the 4.5 MeV Dynamitron accelerator of Fast Neutron Laboratory at Tohoku
University, were measured®®. Those average cross sections are the same ones that have been used
for the validation of JENDL/D-91 as reported previously”. The new dosimetry file JENDL/D-99 is
validated through the comparison of the ratios of the calculated values to experimental ones; more
exactly, we assess the file by the degree of discrepancy of the above two values, (C-E)/E in percent
with the following 5 classes (C-E)/E: without * mark for <5%, * for >5%, ** for >10%, ***
for >20%, and **** for >40%. The cross sections with the discrepancies within 20% would be
adequate. ‘

Detailed description of the measurements and neutron field characterization was already given

elsewhere*®®

, and thus we describe them briefly here.
4.2.1 Characteristics of Neutron Field

A disk of metal lithium of natural element (8 mm in diameter and 1 mm in thickness) on a Cu
metal disk was used as a neutron producing target. The thickness of the target was enough to stop
the deuterium beam of a few MeV. The target was mounted on a low mass copper chamber with a
forced air cooling system, and was bombarded by a DC deuterium beam of 10 u A with the energy
of 2 MeV from the Dynamitron accelerator. Since the 7Li(d,n) reaction has a high Q-value of 15.02
MeV, neutrons of the energy up to about 17 MeV can be produced, as illustrated in Fig. 4.2.1. In
order to correct the anisotropy effect of the source on the irradiated samples, the angular spectra of
the neutron source were measured with a time-of-flight spectrometer consisting of a shielded
NE-213 detector (5.08cm in diameter and 5.08cm thick) and a goniometer in the angular range from
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0 to 90 deg. by 5 or 10 deg. step. In the spectrum measurement, a pulsed deuterium beam with a
nanosecond width was used at the repetition rate of 0.25 MHz.

The detection efficiency of the neutron spectrometer was carefully determined from the
measurement of the time-of-flight spectrum of *Cf neutrons relative to its evaluated standard
) The higher energy part of the efficiency curve was also estimated with the Monte Carlo
simulation calculation using the O5S code®®. '

The measured neutron spectrum at O deg. is shown in Fig.4.2.1. Because of the energy
degradation of the deuterons in the thick target, the shape of peaks corresponding to each excited
state of *Be are fully broadened. The covariance of the neutron energy distribution was evaluated
considering the correlation in the detector efficiency values due to the 22¢f standard spectrum87).
The variances of the neutron energy distribution were mainly due to the statistical fluctuations in the
Monte Carlo calculation of the efficiency values and of the data of the time-of-flight spectrum of

252Cf because of relatively low counting statistics due to the weakness of the 22¢f source used.

spectrum

4.2.2 Benchmark Experiment

Two packets of activation samples were prepared. Foils of each packet are arranged in a
sandwich geometry in an order from the neutron source side as shown in Table 4.2.1. In the packets,
several foils were placed between two or three monitor foils of aluminum. The #1 packet was fixed
by the plastic tape on the hollow stainless steel disk at the position (P1) 50 mm apart from the target
in the O-deg. direction; the #2 was attached on the end surface of the chamber at 7 mm (P2) from the
target considering small cross sections and/or long half-lives of induced activities for some reactions.
Both packets were simultaneously irradiated for 48 hours. Measurements of gamma-rays from the
irradiated samples were performed with a calibrated high purity germanium detector in order to
obtain the reaction rates. Most of the associated decay data of the tested dosimetry reactions are
given in Refs. 4 and 10.

At the position P1, the degree of the anisotropy of the source neutrons was not appreciable.
However, because of the large angle spanning of the sample #2 from zero to 20 deg., the anisotropic
distribution of the source neutrons on the sample was not negligible and has been exactly corrected
using the data on the measured angular distribution.

4.2.3 Average Cross Sections
The measured cross section E' of the reaction i averaged over the spectrum is obtained by the
formula®,

E'= R/RM< 0*>c F ,

where R is the reaction rate for i, R* is the reaction rate of the 27Al(n,oc) reaction and F the
correction factor of the flux difference between the foil positions for i and Al, which can be
estimated from the reaction rates of a pair of aluminum foils. The symbol <g¥ >cale. 18 the
average cross section of the 27Al(n,oc) reaction calculated from JENDL-3*%®. In the estimation of
errors of the E' values, the correlation between the R and R* were considered. Major experimental
error sources were due to the gamma counting statistics, detector efficiency calibration, and flux
corrections.

These data for E' were compared with the corresponding calculated values C' from the



28 JENDL Dosimetry File 99 (JENDL/D-99) JAERI 1344

following formula:
Ci=<Oi>Calc. =(Eg¢g0igAEg)/(Eg¢gAEg) ’

where ¢ gis the relative group flux of the Li(d,n) neutrons, AE, the energy bin width of the group
g and o ig the group cross section taken from the dosimetry file. In the error estimation of the
calculated average cross sections and their ratios to experimental ones, both covariances between
group cross sections and those between the data of each bin of the neutron flux were taken into
account. The former covariance data were from JENDL/D-99. The latter ones were estimated from
the analysis of the spectrum data. Main part of the flux variances originated from the measured ®2¢cf
standard spectrum and Monte Carlo calculations used for the estimation of the detector efficiency as
mentioned before. The correlations between ¢ gand o ig were neglected even if they might exist.

4.2.4 Results of the Integral Test

* Numerical data of the results for the E' values of JENDL/D-91, -99, as well as IRDF-90V2 are
given in Table 4.2.2. The table also shows the values of discrepancies (Ci—Ei)/Ei between the
JENDL/D-99 and the experiments, and the criteria status.

Discussion on Individual Reactions

“Na(n.2n)**Na
A large discrepancy of about 10% was found for this reaction in JENDL/D-91, while the

discrepancy was drastically resolved with the new evaluation.

%Me(n.p)*Na
No large change is found in the performance of JENDL/D-91 and JENDL/D-99; both give

quite satisfactory results with the discrepancy less than 1%.

7T AI(n,00**Na

This reference cross section was taken from the evaluated cross sections of IRDF-90V2.
Agreement between the measurements*®® and the calculations with the JENDL/D-99 data is
satisfactory.

Ti(nx)*Sc
No significant change is found in the performance of JENDL/D-91 and JENDL/D-99.

NTi(nx)*sc
No significant change is found between JENDL/D-91 and JENDIL/D-99. The cross section
calculated fromi JENDL/D-99 is in good agreement with the experimental data.

55Mng 1n.2n)**Mn
A large discrepancy of JENDL/D-91 could not be resolved by using JENDL/D-99.

3 4Fe( n.p )54Mn
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There is no significant improvement in the (C-E)/E value. Considering the significance of this
reaction, the 12% deviation is not so good, but may be tolerable as the typical low threshold

reaction.

59Cog n,2n )SSCo

This reaction showed a large C/E value of JENDL/D-91, and no significant improvement was
attained in the C/E value of JENDI/D-99.

*Ni(n,2n)*"Ni
The JENDL/D-91 calculation deviates from the experimental data by a few %. The new version
JENDL/D-99 yields a value consistent with the measurements within 1 %.

58Ni(n,msz;Co
Much improvement was made on this reaction. The deviation from the measurements was
reduced.

“Ni(n.p)*Co
The deviation of this reaction becomes larger from 6% to 12%; not a small discrepancy still
exists for this reaction in JENDL/D-99.

6 Cu(n,oc)(’OCo

No significant change in (C-E)/E value is found, but the status of this reaction is quite
satisfactory.

“Nb(n,2n)**"Nb

There is a slight improvement in discrepancy from 8% to 6% due to the new evaluation.

"7 Au(n,20)'*Au
The discrepancy of JENDL/D-99 is about 5%, which becomes twice larger than that of
JENDL/D-91 (2.5%), although both libraries are satisfactory.

4.2.5 Summary

Summarizing this section, JENDL/D-99 shows generally good performance in the Li(d,n)
neutron field, and the quality of the evaluation is similar with the previous one concerning the tested
14 threshold reactions.

As for the 55Mn(n,2n)54Mn reaction, the cross section calculated from JENDL/D-99 shows a
relatively large deviation more than 20%, while that from IRDF-90V2 also shows a deviation of over
10%. The presently evaluated cross-section curve follows existing individual differential data as
seen in Ref. 7. A further study is needed for this reaction from the point of view of the average cross
section measurement in the same field.

As a whole, the cross sections in JENDL/D-99 agree with the measured cross sections
satisfactorily; most of the cross sections deviate from the measurements by 1o of the experimental
uncertainties of about 8 — 9% and the rest of them lie within at most 20, with the exception of the
5 Mn(n,2n)5 “Mn reaction.
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5. Summary Discussion on the Integral Tests
5.1 Integral Tests of the Dosimetry Cross Sections for Fission Reactors

Integral tests of group-wise cross sections of the JENDL/D-99 file have been carried out by
applying the standard, reference and controlled neutron spectrum fields, as shown in Figs. 3.1.1(a),
(b), (c) and (d), with respect to fission reactors such as light water reactors and fast breeder reactors.
As described in the Section 3.2, the calculated cross sections averaged with the st spontaneous
fission neutron spectrum evaluated by Mannhart*™ give better agreement” with the measured ones™®
than those with the Maxwellian distribution spectrum of *2Cf. Concerning the 25y fission neutron
spectrum, in general, agreement between the measured average cross sections***¥ and the
calculated ones using the Watt-type spectrum46) are better than those obtained by using the
Maxwellian*® and the Madland-Nix- typesz) spectra. Average cross sections by the Maxwellian
spectrum gave iarger values” than those by the Watt-type spectrum especially for higher energy
threshold reactions. On the other hand, the Madland-Nix-type spectrum gave lower values.
Therefore, in the present report for the integral tests, we have selected the results by the Mannhart
and the Watt-type spectra for the *>Cf and the 25 fission neutron spectra, respectively. The C/E
ratio values, which show the criterion of data consistency between the calculated and the measured
average cross sections, are shown in Tables 3.2.1 and 3.2.2. The quoted uncertainty comprises the
uncertainties of measured and calculated cross sections which are uncorrelated with each other.

The data used for the present comparison between the calculated and the measured average
cross sections are taken from Tables 3.2.1 and 3.2.2 and Tables 3.3.1~3.3.6, and these results are
summarized in Figs. 5.1.1~5.1.8. In general, most of the average cross sections calculated by the
JENDL/D-99 file for each standard and reference neutron field show good agreement with those
measured, except for several reactions. Especially, good agreement was obtained for the »2Cf and
25U fission neutron spectra, except for the reactions of 55Mn(n,2n)5"'Mn and ° 9Co(n,y)(’oCo for the
Blef spectrum and except for 58Ni(n,2n)57Ni, 90Zr(n,2n)892r and 93Nb(n,2n)92"‘Nb for the U
spectrum, respectively. This means, in principle, that the data evaluated in JENDL/D-99 is adequate.
There was no reaction that showed common disagreement in both of the 22Cf and the *°U spectra.
Comparing with the cross section data in JENDL/D-91, there was much improvement in the
JENDL/D-99 cross sections of 19F(n,2n)18F, 6ONi(n,p)60C0, 63Cu(n,y)é"Cu and 64Zn(n,p)64Cu for the
®2cf spectrum and in the JENDL/D-99 cross sections of 47Ti(n,p)‘”Sc and 64Zn(n,p)“Cu for the #°U
spectrum, as seen in Figs. 5.1.1 and 5.1.2. Concerning the integral tests with four neutron spectra of
ISNF, CFRMF, XX and YAYOI spectra, as shown in Figs. 5.1.3~5.1.6, relatively large deviation
(that corresponds to the criterion **** more than 40 % in Diff=(C-E)/E) can be seen between the
calculated average cross sections and the measured ones for the 5 8Ni(n,2n)5 N, 63Cu(n,2n)62Cu and
SNb(n,2n)°*"Nb reactions. With the neutron spectrum near the core center of JOYO, general
agreement has been seen in Fig. 5.1.7, except for the 63Cu(n,oc)"’OCo reaction. The 58Fe(n,y)st"Fe
cross section data have been markedly improved in the JENDL/D-99 file. For the JMTR spectrum,
good agreement is observed between the calculated and the measured average cross sections, as
shown in Fig. 5.1.8. The '®Ag(n,y)'"""Ag reaction has been newly introduced to the JENDL/D-99
file. The calculations of the 46Ti(n,p)“"’Sc and 55Mn(n,Zn)5 *Mn reactions seem to be lower than the
measurements, and the same tendency can be found in the IRDF-90V2 data.

In this report, we have compared the average cross sections calculated from JENDL/D-99 with



JAERI 1344 5 Summary Discussion on the Integral Tests 31

those from IRDF-90V2, using twelve standard or reference neutron fields, as shown in Section 3.1.2.
The data given in Tables 3.1.2 to 3.1.13 are plotted in Fig. 5.1.9 to make a comparison of the data
with the both files. One can see large differences in the spectrum-averaged cross sections for the
BNa(n,y)*Na, “'Ti(n,np)*Sc, **Fe(n,))*Fe, and '®Ag(n,y)''" Ag reactions between JENDL/D-99
and IRDF-90V2. However, the lOgAg(n,\()”()"‘Ag cross sections calculated from JENDL/D-99 are
consistent with those from IRDF-90V2 in the thermal reactor spectrum. In the case of the
23Na(n,y)MNa reaction, the quality of the JENDL/D-99 calculations depends on the neutron spectrum
used: JENDL/D-99 is better than IRDF-90V2.in the ISNF spectrum, but worse than IRDF-90V2 in
the YAYOI spectrum. The cross sections for the 58Fe(n,y)5 °Fe reaction calculated from
JENDL/D-99 have a tendency to show a better agreement with measurements than those from
IRDF-90V2 in the reactor spectra, as seen in Tables 3.3.2, 3.3.5 and 3.3.6.

5.2 Integral Tests of the Threshold Reaction Cross Sections for Fusion Reactors

The integral tests for the JENDL/D-99 file have been conducted in the two accelerator-based
neutron fields. The cross sections for twenty threshold reactions in total were tested, i.e., the fourteen
reactions in the DT fusion simulated field at. FNS, JAERI, and the common eight and the six
reactions in the Li(d,n) neutron source at FNL, Tohoku University, as described in Sections 4.1 and
4.2, respectively.

In order to clarify the trend of agreement between the calculation and both integral experiments,
we have rearranged the C/E values of Tables 4.1.2 and 4.1.3 into Figs. 5.2.1 and 5.2.2, respectively.
Comparing the JENDL/D-99 data with the JENDL/D-91 ones, the ratio results are illustrated in Fig.
5.2.3. The data in Table 4.2.2 are shown in Fig. 5.2.4.

First, for the JENDL/D-99 file we check the consistency of the two tests using the DT and the
Li(d,n) neutron fields. Among the eight commonly tested reactions for the neutron fields, both tests
assigned Class A (Diff: <5%) to three reactions 27Al(n,oc)z“Na, N Ti(n,x)4SSc and 58Ni(n,2n)57Ni.
Class A or B (Diff: 5% to 10%) was assigned to three reactions NTi(n,x)‘mSc, 58Ni(n,p)5 8Co and
93Nb(n,2n)92mNb. In case of the 59Co(n,2n)58Co reaction, the test assigned Class A for the DT
neutron field and Class C (Diff: >10%) for the Li{d,n) neutron field. The 54Fe(n,p)s“Mn reaction was
assigned to be Classes B and C for the DT and the Li(d,n) neutron fields, respectively. Thus, the
consistency between the tests has been verified. '

It is recommended that further differential and integral measurements and evaluation should be
performed for the following reactions assigned as Classes B and C; four reactions assigned Class B
from the test in the DT field: NTi(n,x)‘”Sc, 54Fe(n,p)54Mn, 5 8Ni(n,p)5 8Co, and HSIn(n,n’)HS"’In; SixX
reactions assigned Class B or C from the test in the Li(d,n): NTi(n,x)%Sc, 55Mn(n,2n)5 “Mn,
54Fe(n,p)s“Mn, 59Co(n,2n)58Co, 60Ni(r1,p)6°Co and 93Nb(n,2n)92mNb. For the 55Mn(n,2n)54Mn reaction,
one can see a deviation of about 23 % between the measurement and the calculation with the Li(d,n)
field, as shown in Table 4.2.2. In contrast to this, the C/E ratio by the JMTR spectrum is 0.87, as
seen in Table 3.3.6. Such an inconsistency between the integral tests may be caused by the different
responses in the reactor spectrum (sensitive to lower energies) and the Li(d,n) neutron field
(sensitive to higher energies). It may be necessary to review all of the data not only for the evaluated
cross section but also for the experimental benchmark ones.
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6. Conclusion

The latest version of the dosimetry file, JENDL Dosimetry File 99 (JENDL/D-99), has been
released, and here are summarized all the documentations for 67 reactions with 47 nuclides in this
JENDL/D-99 file including the comparison studies with the previous JENDL Dosimetry File
(JENDL/D-91) and the IRDF-90V2 file by the integral tests with benchmark neutron fields. In this
JENDL/D-99 file, major dosimetry cross sections for 34 reactions and their covariance data were
simultaneously - generated, and the covariances for other reactions were adopted from the
JENDL/D-91 file.

Good agreement has been generally obtained in these comparison studies between the evaluated
and the measured data and there has been a marked improvement on some dosimetry cross sections.
It can be expected that many people will use JENDL/D-99 for their dosimetry work.

Finally, we welcome any comments, questions and suggestions to this dosimetry file, which we
would like to consider for the future evaluation work.
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Table 2.2.1 List of rea

JENDL Dosimetry File 99 (JENDL/D-99)

ctions in the JENDL Dosimetry File 99

(JENDL/D-99)
Nuclide MAT Reaction Threshold Half-life Data source™*
energy (MeV)* of product ™ sigma cov.
SLi 325 (n, t) o 10°ev 13.2 I
o, production 10° eV J3.2 I
Li 328 t production 2.822 J3.2 I
g 525 (n, o) 'Li 10° eV 132 I
o production 10° eV : J3.2 I
g 925 (n, 2n) '°F 10.9854 109.77 m G G
“Na 1125 (n, 2n) *Na 12.9633 2.6019 y S S
(n,7) *Na 10° ev 14.9590 h 13.2 I
Mg 1225 (n, p) *Na 4.9306 14.9590 h G G
Al 1325 (n, p) Mg 1.8227 9.458 m G G
(n, o) *Na 3.2467 14.9590 h 1902  190.2
p 1525 (n, p) *'Si 0.730746 157.3 m G G
328 1625 (n, p) °P 0.958 14.262d 132 I
®Sc 2125 (n, y) *Sc 105 eV 83.79d J3.2 I
NTi* 2200 (n, x) *Sc 1.6184 83.79d A A
(n, x) “'Sc 10° eV 3.3492d A A
(n, x) “Sc 3.2792 43.67 h A A
M ¥ 2225 (n, 2n) ®Ti 13.4865 184.8 m G G
(n, p) “’Sc 1.6184 83.79d G G
i 2228 (n, np) **Sc 10.6858 83.79d A K
(n, p) ¥'Sc 10° eV 3.3492d A K
i 2231 (n, np) “'Sc 11.6858 3.3492d K K
(n, p) “®Sc 3.2792 43.67 h G G
1y 2234 (n, np) “Sc 11.588 43.67 h G G
Pcr 2425 (n,y)°'Cr 10%ev 27.702d 132 B6
¢ 2431 (n, 2n) >'Cr 12.2721 27.702d G G
“Mn 2525 (n, 2n) *Mn 10.4141 312.3d S S
(n, 7) **Mn 10° eV 2.5785h 13.2 13.2
MFe 2625 (n, p) *Mn 10° eV 312.3d G G
%Fe 2631 (n, p) **Mn 2.9662 2.5785h J3.2 I
Fe 2634  (n,np) *Mn 10.7461 2.5785h 13.2 B6
BFe 2637 (n, 7) *Fe 10° eV 44503 d 13.2 A
¥Co 2725 (n, 2n) %Co 10.6323 70.82d S S
(n, ) ®°Co 10° eV 52714y 132 I
(n, &) *Mn 10° eV 2.5785 h 13.2 I
BNi 2825 (n, 2n) ¥'Ni 12.4321 35.60 h G G
(n, p) **Co 10° eV 70.82d ¢] G
NI 2831 (n, p) Co 2.075 52714y S S
Scu 2925 (n, 2n) %Cu 11.0263 9.74 m G G
(n, ) ¥*Cu 10° eV 12.700 h 132 I
(n, o) °Co 107 eV 52714y G G
Cu 2931 (n, 2n) *Cu 10.0633 12.700 h G G
“Zn 3025 (n, p) ¥Cu 107 eV 12.700 h G G
Yy 3925 (n, 2n) 8y 11.6096 106.65 d G G
0Zr 4025 (n, 2n) ¥7r 12.1057 78.41 h G G
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Table 2.2.1 (Continued)

Nuclide MAT Reaction Threshold Half-life - Data source 7
energy (MeV)* of product ™ sigma  cov.
“Nb 4125 (n, n’) “™Nb 0.03073 16.13 y A A
(n, 2n) *™Nb 9.0522 10.15d S S
©Rh 4525 (n, n") '®"Rh 0.04 56.12 m I I
®Ag 4731 (m, ) ""Ag 10° eV 249.79d E 190.2
B 4931 (n, n’) ""™n 0.32 4.486 h C C
(n, ) "'"In 10° eV 54.29 m J3F I
127 5325 (n,2n) '*1 9.21779 13.11d G G
BBy 6325 (n, y) "Eu 10° ev 13.537 y 13.2 D91
“Tm 6925 (n,2n) '®Tm 8.08036 93.1d G G
BlTag 7328 (n,7) **Ta 10%ev - 114.43d 13.2 ID91
w7443 (n,y) "W 105 eV 23.72h A 1D91
TAu 7925 (n, 2n) "°Au 8.11273 6.183 d G G
(n,y) *®Au 10° eV 2.69517 d Y I
Hg 8034 (n, n’) ""Hg 0.5337 42.6 m D91 JD91
Z2Th 9040 fission 107 eV 13.2 I
(n,y) **Th 10° eV 223 m J3.2 I
25Uy 9228 fission 105 ev 13.2 I
2y 9237 fission 108 ev 13.2 I
(n,y) *°U 10° eV 23.45m 3.2 I
%INp 9346 fission 10% eV GJ32 G
29py 9437 fission 10%ev 13.2 I
“Am 9543 fission 105 eV 132 B6

For the nuclide with capture and/or fission cross sections, the total cross sections, which were taken
from JENDL-3.2 ¥, are also given in the library.
+: The energy of 10” eV is the lowest energy of the data in the cases of reactions with a
positive Q-value.
++ : Table of Isotopes Eighth Edition 1998 Upgrade
+++: Data source
*: The symbol "Ti stands for natural Ti.
G: evaluated in the present work by using GMA code 6
K: evaluated in the present work by using KALMAN code
S: evaluated in the present work by using spline fitting method »
A: evaluated in the present work by methods described in the text
J3.2 : JENDL-3.2 General Purpose File *
J3F : JENDL-3 Fission Product Nuclear Data File
JD91 : JENDL Dosimetry File 91 ¥
B6 : ENDF/B-VI "9
E : EAF-99 %
I :IRDF-85"
190 : IRDF-90 '¥
190.2 : IRDF-90V2
C : evaluated by A.B. Smith et al.'”
Y : evaluated by N. Yamamuro ®

1

12)

13)
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Table 2.2.2 SAND-II type energy intervals
No. Energy (eV) No. Energy (eV) No. Energy (eV)

lower upper lower upper lower upper

1 1.0000E-5 1.0000E-4 46 9.6000E-4 1.0000E-3 91 9.6000E-3 1.0000E-2
2 1.0000E-4 1.0500E-4 47 1.0000E-3 1.0500E-3 92 1.0000E-2 1.0500E-2
3 1.0500E-4 1.1000E-4 48 1.0500E-3 1.1000E-3 93 1.0500E-2 1.1000E-2
4 1.1000E-4 1.1500E-4 49 1.1000E-3 1.1500E-3 94 1.1000E-2 1.1500E-2
5 1.1500E-4 1.2000E-4 50 - 1.1500E-3 1.2000E-3 95 1.1500E-2 1.2000E-2
6 1.2000E-4 1.2750E-4 51 1.2000E-3 1.2750E-3 96 1.2000E-2 1.2750E-2
7 1.2750E-4 1.3500E-4 52 1.2750E-3 1.3500E-3 97 1.2750E-2 1.3500E-2
8 1.3500E-4 1.4250E-4 53 1.3500E-3 1.4250E-3 98 1.3500E-2 1.4250E-2
9 1.4250E-4 1.5000E-4 54 1.4250E-3 1.5000E-3 99 1.4250E-2 1.5000E-2
10 1.5000E-4 1.6000E-4 55 1.5000E-3 1.6000E-3 100 1.5000E-2 1.6000E-2
11 1.6000E-4 1.7000E-4 56 1.6000E-3 1.7000E-3 101 1.6000E-2 1.7000E-2
12 1.7000E-4 1.8000E-4 57 1.7000E-3 1.8000E-3 102 1.7000E-2 1.8000E-2
13 1.8000E-4 1.9000E-4 58 1.8000E-3 1.9000E-3 103 1.8000E-2 1.9000E-2
14  1.9000E-4 2.0000E-4 59 1.9000E-3 2.0000E-3 104 1.9000E-2 2.0000E-2
15 2.0000E-4 2.1000E-4 60 2.0000E-3 2.1000E-3 105 2.0000E-2 2.1000E-2
16 2.1000E-4 2.2000E-4 61 2.1000E-3 2.2000E-3 106 2.1000E-2 2.2000E-2
17 2.2000E-4 2.3000E-4 62 2.2000E-3 2.3000E-3 107 2.2000E-2 2.3000E-2
18 2.3000E-4 2.4000E-4 63 2.3000E-3 2.4000E-3 108 2.3000E-2 2.4000E-2
19 2.4000E-4 2.5500E-4 64 24000E-3 2.5500E-3 109 2.4000E-2 2.5500E-2
20 2.5500E-4 2.7000E-4 65 2.5500E-3 2.7000E-3 110 2.5500E-2 2.7000E-2
21 2.7000E-4 2.8000E-4 66 2.7000E-3 2.8000E-3 111 2.7000E-2 2.8000E-2
22 2.8000E-4 3.0000E-4 67 2.8000E-3 3.0000E-3 112 2.8000E-2 3.0000E-2
23  3.0000E-4 3.2000E-4 68 3.0000E-3 3.2000E-3 113 3.0000E-2 3.2000E-2
24 3.2000E-4 3.4000E-4 69 3.2000E-3 3.4000E-3 114 3.2000E-2 3.4000E-2
25 3.4000E-4 3.6000E-4 70 3.4000E-3 3.6000E-3 115 3.4000E-2 3.6000E-2
26 3.6000E-4 3.8000E-4 71 3.6000E-3 3.8000E-3 116 3.6000E-2 3.8000E-2
27 3.8000E-4 4.0000E-4 72 3.8000E-3 4.0000E-3 117 3.8000E-2 4.0000E-2
28 4.0000E-4 4.2500E-4 73 4.0000E-3 4.2500E-3 118 4.0000E-2 4.2500E-2
29 4.2500E-4 4.5000E-4 74  4.2500E-3 4.5000E-3 119 4.2500E-2 4.5000E-2
30 4.5000E-4 4.7500E-4 75 4.5000E-3 4.7500E-3 120 4.5000E-2 4.7500E-2
31 4.7500E-4 5.0000E-4 76 4.7500E-3 5.0000E-3 121 4.7500E-2 5.0000E-2
32 5.0000E-4 5.2500E-4 77 5.0000E-3 5.2500E-3 122 5.0000E-2 5.2500E-2
33 5.2500E-4 5.5000E-4 78 5.2500E-3 5.5000E-3 123 5.2500E-2 5.5000E-2
34 5.5000E-4 5.7500E-4 79 5.5000E-3 5.7500E-3 124 5.5000E-2 5.7500E-2
35 5.7500E-4 6.0000E-4 80 5.7500E-3 6.0000E-3 125 5.7500E-2 6.0000E-2
36 6.0000E-4 6.3000E-4 81 6.0000E-3 6.3000E-3 126 6.0000E-2 6.3000E-2
37 6.3000E-4 6.6000E-4 82 6.3000E-3 6.6000E-3 127 6.3000E-2 6.6000E-2
38 6.6000E-4 6.9000E-4 83 6.6000E-3 6.9000E-3 128 6.6000E-2 6.9000E-2
39 6.9000E-4 7.2000E-4 84 6.9000E-3 7.2000E-3 129 6.9000E-2 7.2000E-2
40 7.2000E-4 7.6000E-4 85 7.2000E-3 7.6000E-3 130 7.2000E-2 7.6000E-2
41  7.6000E-4 8.0000E-4 86 7.6000E-3 8.0000E-3 131 7.6000E-2 8.0000E-2
42 8.0000E-4 8.4000E-4 87 8.0000E-3 8.4000E-3 132 8.0000E-2 8.4000E-2
43 8.4000E-4 8.8000E-4 88 8.4000E-3 8.8000E-3 133 8.4000E-2 8.8000E-2
44 8.8000E-4 9.2000E-4 89 8.8000E-3 9.2000E-3 134 8.8000E-2 9.2000E-2
45 9.2000E-4 9.6000E-4 90 9.2000E-3 9.6000E-3 135 9.2000E-2 9.6000E-2
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Table 2.2.2 (continued)
No. Energy (eV) No. Energy (eV) No. Energy (eV)
lower upper lower upper lower upper
136 9.6000E-2 1.0000E-1 181 9.6000E-1 1.0000E+0 226 9.6000E+0 1.0000E+1
137 1.0000E-1 1.0500E-1 182 1.0000E+0 1.0500E+0 227 1.0000E+1 1.0500E+1
138 1.0500E-1 1.1000E-1 183 1.0500E+0 1.1000E+0 228 1.0500E+1 1.1000E+1
139  1.1000E-1 1.1500E-1 184 1.1000E+0 1.1500E+0 229 1.1000E+1 1.1500E+1
140 1.1500E-1 1.2000E-1 185 1.1500E+0 1.2000E+0 230 1.1500E+1 1.2000E+1
141 1.2000E-1 1.2750E-1 186 1.2000E+0 1.2750E+0 231 1.2000E+1 1.2750E+1
142 1.2750E-1 1.3500E-1 187 1.2750E+0 1.3500E+0 232 1.2750E+1 1.3500E+1
143  1.3500E-1 1.4250E-1 188 1.3500E+0 1.4250E+0 233 1.3500E+1 1.4250E+1
144 1.4250E-1 1.5000E-1 189 1.4250E+0 1.5000E+0 234 1.4250E+1. 1.5000E+1
145 1.5000E-1 1.6000E-1 190 1.5000E+0 1.6000E+0 235 1.5000E+1 1.6000E+1
146 1.6000E-1 1.7000E-1 191 1.6000E+0 1.7000E+0 236 1.6000E+1 1.7000E+1
147 1.7000E-1 1.8000E-1 192 1.7000E+0 1.8000E+0 237 1.7000E+1 1.8000E+1
148 1.8000E-1 1.9000E-1 193 1.8000E+0 1.9000E+0 238 1.8000E+1 1.9000E+1
149 1.9000E-1 2.0000E-1 194 1.9000E+0 2.0000E+0 239 1.9000E+1 2.0000E+1
150 2.0000E-1 2.1000E-1 195 2.0000E+0 2.1000E+0 240 2.0000E+1 2.1000E+1
151 2.1000E-1 2.2000E-1 196 2.1000E+0 2.2000E+0 241 2.1000E+1 2.2000E+1
152 2.2000E-1 2.3000E-1 197 2.2000E+0 2.3000E+0 242 2.2000E+1 2.3000E+1
153  2.3000E-1 2.4000E-1 198 2.3000E+0 2.4000E+0 243. 2.3000E+1 2.4000E+1
154 2.4000E-1 2.5500E-1 199 2.4000E+0 2.5500E+0 244 2.4000E+1 2.5500E+1
155 2.5500E-1 2.7000E-1 200 2.5500E+0 2.7000E+0 245 2.5500E+1 2.7000E+1
156 2.7000E-1 2.8000E-1 201 2.7000E+0 2.8000E+0 246 2.7000E+1 2.8000E+1
157 2.8000E-1 3.0000E-1 202 2.8000E+0 3.0000E+0 247 2.8000E+1 3.0000E+1
158 3.0000E-1 3.2000E-1 203 3.0000E+0 3.2000E+0 248 3.0000E+1 3.2000E+1
159 3.2000E-1 3.4000E-1 204 3.2000E+0 3.4000E+0 249 3.2000E+1 3.4000E+1
160 3.4000E-1 3.6000E-1 205 3.4000E+0 3.6000E+0 250 3.4000E+1 3.6000E+1
161 3.6000E-1 3.8000E-1 206 3.6000E+0 3.8000E+0 251 3.6000E+1 3.8000E+1
162 3.8000E-1 4.0000E-1 207 3.8000E+0 4.0000E+0 252 3.8000E+1 4.0000E+1
163  4.0000E-1 4.2500E-1 208 4.0000E+0 4.2500E+0 253 4.0000E+1 4.2500E+1
164 4.2500E-1 4.5000E-1 209 4.2500E+0 4.5000E+0 254 4.2500E+1 4.5000E+1
165 4.5000E-1 4.7500E-1 210 4.5000E+0 4.7500E+0 255 4.5000E+1 4.7500E+1
166 4.7500E-1 5.0000E-1 211 4.7500E+0 5.0000E+0 256 4.7500E+1 5.0000E+1
167 5.0000E-1 5.2500E-1 212 5.0000E+0 5.2500E+0 257 5.0000E+1 5.2500E+1
168 5.2500E-1 5.5000E-1 213 5.2500E+0 5.5000E+0 258 5.2500E+1 5.5000E+1
169 5.5000E-1 5.7500E-1 214 5.5000E+0 5.7500E+0 259 5.5000E+1 5.7500E+1
170 5.7500E-1 6.0000E-1 215 5.7500E+0 6.0000E+0 260 5.7500E+1 6.0000E+1
171 6.0000E-1 6.3000E-1 216 6.0000E+0 6.3000E+0 261 6.0000E+1 6.3000E+1
172 6.3000E-1 6.6000E-1 217 6.3000E+0 6.6000E+0 262 6.3000E+1 6.6000E+1
173  6.6000E-1 6.9000E-1 218 6.6000E+0 6.9000E+0 263 6.6000E+1 6.9000E+1
174  6.9000E-1 7.2000E-1 219 6.9000E+0 7.2000E+0 264 6.9000E+1 7.2000E+1
175 7.2000E-1 7.6000E-1 220 7.2000E+0 7.6000E+0 265 7.2000E+1 7.6000E+1
176  7.6000E-1 8.0000E-1 221 7.6000E+0 8.0000E+0 266 7.6000E+1 8.0000E+1
177 8.0000E-1 8.4000E-1 222 8.0000E+0 8.4000E+0 267 8.0000E+1 8.4000E+1
178 8.4000E-1 8.8000E-1 223 8.4000E+0 8.8000E+0 268 8.4000E+1 8.8000E+1
179 8.8000E-1 9.2000E-1 224 8.8000E+0 9.2000E+0 269 8.8000E+1 9.2000E+1
180 9.2000E-1 9.6000E-1 225 9.2000E+0 9.6000E+0 270 9.2000E+1 9.6000E+1
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No. Energy (eV) No. Energy (eV) No. Energy (eV)
lower upper lower upper lower upper
271 9.6000E+1 1.0000E+2 316 9.6000E+2 1.0000E+3 361 9.6000E+3 1.0000E+4
272 1.0000E+2 1.0500E+2 317 1.0000E+3 1.0500E+3 362 1.0000E+4 1.0500E+4
273 1.0500E+2 1.1000E+2 318 1.0500E+3 1.1000E+3 363 1.0500E+4 1.1000E+4
274 1.1000E+2 1.1500E+2 319 1.1000E+3 1.1500E+3 364 1.1000E+4 1.1500E+4
275 1.1500E+2 1.2000E+2 320 1.1500E+3 1.2000E+3 365 1.1500E+4 1.2000E+4
276 1.2000E+2 1.2750E+2 321 1.2000E+3 1.2750E+3 366 1.2000E+4 1.2750E+4
277 1.2750E+2 1.3500E+2 322 1.2750E+3 1.3500E+3 367 1.2750E+4 1.3500E+4
278 1.3500E+2 1.4250E+2 323 1.3500E+3 1.4250E+3 368 1.3500E+4 1.4250E+4
279 1.4250E+2 1.5000E+2 324 1.4250E+3 1.5000E+3 369 1.4250E+4 1.5000E+4
280 1.5000E+2 1.6000E+2 325 1.5000E+3 1.6000E+3 370 1.5000E+4 1.6000E+4
281 1.6000E+2 1.7000E+2 326 1.6000E+3 1.7000E+3 371 1.6000E+4 1.7000E+4
282 1.7000E+2 1.8000E+2 327 1.7000E+3 1.8000E+3 372 1.7000E+4 1.8000E+4
283 1.8000E+2 1.9000E+2 328 1.8000E+3 1.9000E+3 373 1.8000E+4 1.9000E+4
284 1.9000E+2 2.0000E+2 329 1.9000E+3 2.0000E+3 374 1.9000E+4 2.0000E+4
285 2.0000E+2 2.1000E+2 330 2.0000E+3 2.1000E+3 375 2.0000E+4 2.1000E+4
286 2.1000E+2 2.2000E+2 331 2.1000E+3 2.2000E+3 376 2.1000E+4 2.2000E+4
287 2.2000E+2 2.3000E+2 332 2.2000E+3 2.3000E+3 377 2.2000E+4 2.3000E+4
288 2.3000E+2 2.4000E+2 333 2.3000E+3 2.4000E+3 378 2.3000E+4 2.4000E+4
289 2.4000E+2 2.5500E+2 334 2.4000E+3 2.5500E+3 379 2.4000E+4 2.5500E+4
290 2.5500E+2 2.7000E+2 335 2.5500E+3 2.7000E+3 380 2.5500E+4 2.7000E+4
291 2.7000E+2 2.8000E+2 336 2.7000E+3 2.8000E+3 381 2.7000E+4 2.8000E+4
292 2.8000E+2 3.0000E+2 337 2.8000E+3 3.0000E+3 382 2.8000E+4 3.0000E+4
293 3.0000E+2 3.2000E+2 338 3.0000E+3 3.2000E+3 383 3.0000E+4 3.2000E+4
294 3.2000E+2 3.4000E+2 339 3.2000E+3 3.4000E+3 384 3.2000E+4 3.4000E+4
295 3.4000E+2 3.6000E+2 340 3.4000E+3 3.6000E+3 385 3.4000E+4 3.6000E+4
296 3.6000E+2 3.8000E+2 341 3.6000E+3 3.8000E+3 386 3.6000E+4 3.8000E+4
297 3.8000E+2 4.0000E+2 342 3.8000E+3 4.0000E+3 387 3.8000E+4 4.0000E+4
298 4.0000E+2 4.2500E+2 343 4.0000E+3 4.2500E+3 388 4.0000E+4 4.2500E+4
299 4.2500E+2 4.5000E+2 344 4.2500E+3 4.5000E+3 389 4.2500E+4 4.5000E+4
300 4.5000E+2 4.7500E+2 345 4.5000E+3 4.7500E+3 390 4.5000E+4 4.7500E+4
301 4.7500E+2 5.0000E+2 346 4.7500E+3 5.0000E+3 391 4.7500E+4 5.0000E+4
302 5.0000E+2 5.2500E+2 347 5.0000E+3 5.2500E+3 392 5.0000E+4 5.2500E+4
303 5.2500E+2 5.5000E+2 348 5.2500E+3 5.5000E+3 393 5.2500E+4 5.5000E+4
304 5.5000E+2 5.7500E+2 349 5.5000E+3 5.7500E+3 394 5.5000E+4 5.7500E+4
305 5.7500E+2 6.0000E+2 350 5.7500E+3 6.0000E+3 395 5.7500E+4 6.0000E+4
306 6.0000E+2 6.3000E+2 351 6.0000E+3 6.3000E+3 396 6.0000E+4 6.3000E+4
307 6.3000E+2 6.6000E+2 352 6.3000E+3 6.6000E+3 397 6.3000E+4 6.6000E+4
308 6.6000E+2 6.9000E+2 353 6.6000E+3 6.9000E+3 398 6.6000E+4 6.9000E+4
309 6.9000E+2 7.2000E+2 354 6.9000E+3 7.2000E+3 399 6.9000E+4 7.2000E+4
310 7.2000E+2 7.6000E+2 355 7.2000E+3 7.6000E+3 400 7.2000E+4 7.6000E+4
311 7.6000E+2 8.0000E+2 356 7.6000E+3 8.0000E+3 401 7.6000E+4 8.0000E+4
312 8.0000E+2 8.4000E+2 357 8.0000E+3 8.4000E+3 402 8.0000E+4 8.4000E+4
313 8.4000E+2 8.8000E+2 358 8.4000E+3 8.8000E+3 403 8.4000E+4 8.8000E+4
314 8.8000E+2 9.2000E+2 359 8.8000E+3 9.2000E+3 404 8.8000E+4 9.2000E+4
315 9.2000E+2 9.6000E+2 360 9.2000E+3 9.6000E+3 405 9.2000E+4 9.6000E+4
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No. Energy (eV) No. Energy (eV) No. Energy (eV)
lower upper lower upper lower upper
406 9.6000E+4 1.0000E+5 451 9.6000E+5 1.0000E+6 496 5.4000E+6 5.5000E+6
407 1.0000E+5 1.0500E+5 452 1.0000E+6 1.1000E+6 497 5.5000E+6 5.6000E+6
408 1.0500E+5 1.1000E+5 453 1.1000E+6 1.2000E+6 498 5.6000E+6 5.7000E+6
409 1.1000E+5 1.1500E+5 454 1.2000E+6 1.3000E+6 499 5.7000E+6 5.8000E+6
410 1.1500E+5 1.2000E+5 455 1.3000E+6 1.4000E+6 500 5.8000E+6 5.9000E+6
411 1.2000E+5 1.2750E+5 456 1.4000E+6 1.5000E+6 501 5.9000E+6 6.0000E+6
412 1.2750E+5 1.3500E+5 457 1.5000E+6 1.6000E+6 502 6.0000E+6 6.1000E+6
413 1.3500E+5 1.4250E+5 458 1.6000E+6 1.7000E+6 503 6.1000E+6 6.2000E+6
414 1.4250E+5 1.5000E+5 459 1.7000E+6 1.8000E+6 504 6.2000E+6 6.3000E+6
415 1.5000E+5 1.6000E+5 460 1.8000E+6 1.9000E+6 505 6.3000E+6 6.4000E+6
416 1.6000E+5 1.7000E+5 461 1.9000E+6 2.0000E+6 506 6.4000E+6 6.5000E-+6
417 1.7000E+5 1.8000E+5 462 2.0000E+6 2.1000E+6 507 6.5000E+6 6.6000E+6
418 1.8000E+5 1.9000E+5 463 2.1000E+6 2.2000B+6 508 6.6000E+6 6.7000E+6
419 1.9000E+5 2.0000E+5 464 2.2000E+6 2.3000E+6 509 6.7000E+6 6.8000E+6
420 2.0000E+5 2.1000E+5 465 2.3000E+6 2.4000E+6 510 6.8000E+6 6.9000E+6
421 2.1000E+5 2.2000E+5 466 2.4000E+6 2.5000E+6 511 6.9000E+6 7.0000E+6
422 2.2000E+5 2.3000E+5 467 2.5000E+6 2.6000E+6 512 7.0000E+6 7.1000E+6
423 2.3000E+5 2.4000E+5 468 2.6000E+6 2.7000E+6 513 7.1000E+6 7.2000E+6
424 2.4000E+5 2.5500E+5 469 2.7000E+6 2.8000E+6 514 7.2000E+6 7.3000E+6
425 2.5500E+5 2.7000E+5 470 2.8000E+6 2.9000E+6 515 7.3000E+6 7.4000E+6
426 2.7000E+5 2.8000E+5 471 2.9000E+6 3.0000E+6 516 7.4000E+6 7.5000E+6
427 2.8000E+5 3.0000E+5 472 3.0000E+6 3.1000E+6 517 7.5000E+6 7.6000E+6
428 3.0000E+5 3.2000E+5 473 3.1000E+6 3.2000E+6 518 7.6000E+6 7.7000E+6
429 3.2000E+5 3.4000E+5 474 3.2000E+6 3.3000E+6 519 7.7000E+6 7.8000E+6
430 3.4000E+5 3.6000E+5 475 3.3000E+6 3.4000E+6 520 7.8000E+6 7.9000E+6
431 3.6000E+5 3.8000E+5 476 3.4000E+6 3.5000E+6 521 7.9000E+6 8.0000E+6
432 3.8000E+5 4.0000E+5 477 3.5000E+6 3.6000E+6 522 8.0000E+6 8.1000E+6
433 4.0000E+5 4.2500E+5 478 3.6000E+6 3.7000E+6 523 8.1000E+6 8.2000E+6
434 4.2500E+5 4.5000E+5 479 3.7000E+6 3.8000E+6 524 8.2000E+6 8.3000E+6
435 4.5000E+5 4.7500E+5 480 3.8000E+6 3.9000BE+6 525 8.3000E+6 8.4000E+6
436 4.7500E+5 5.0000E+5 481 3.9000E+6 4.0000E+6 526 8.4000E+6 8.5000E+6
437 5.0000E+5 5.2500E+5 482 4.0000E+6 4.1000E+6 527 8.5000E+6 8.6000E+6
438 5.2500E+5 5.5000E+5 483 4.1000E+6 4.2000E+6 528 8.6000E+6 8.7000E+6
439 5.5000E+5 5.7500E+5 484 4.2000E+6 4.3000E+6 529 8.7000E+6 8.8000E+6
440 5.7500E+5 6.0000E+5 485 4.3000E+6 4.4000E+6 530 8.8000E+6 8.9000E+6
441 6.0000E+5 6.3000E+5 486 4.4000E+6 4.5000E+6 531 8.9000E+6 9.0000E+6
442 6.3000E+5 6.6000E+5 487 4.5000E+6 4.6000E+6 532 9.0000E+6 9.1000E+6
443 6.6000E+5 6.9000E+5 488 4.6000E+6 4.7000E+6 533 9.1000E+6 9.2000E+6
444 6.9000E+5 7.2000E+5 489 4.7000E+6 4.8000E+6 534 9.2000E+6 9.3000E+6
445 7.2000E+5 7.6000E+5 490 4.8000E+6 4.9000E+6 535 9.3000E+6 9.4000E+6
446 7.6000E+5 8.0000E+5 491 4.9000E+6 5.0000E+6 536 9.4000E+6 9.5000E+6
447 8.0000E+5 8.4000E+5 492 5.0000E+6 5.1000E+6 537 9.5000E+6 9.6000E+6
448 8.4000E+5 8.8000E+5 493 5.1000E+6 5.2000E+6 538 9.6000E+6 9.7000E+6
449 8.8000E+5 9.2000E+5 494 5.2000E+6 5.3000E+6 539 9.7000E+6 9.8000E+6
450 9.2000E+5 9.6000E+5 495 5.3000E+6 5.4000E+6 540 9.8000E+6 9.9000E+6
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Table 2.2.2 (continued)
No. Energy (eV) No. Energy (eV) No. Energy (eV)
lower upper lower upper lower upper
541 9.9000E+6 1.0000E+7 586 1.4400E+7 1.4500E+7 631 1.8900E+7 1.9000E+7
542 1.0000E+7 1.0100E+7 587 1.4500E+7 1.4600E+7 632 1.9000E+7 1.9100E+7
543 1.0100E+7 1.0200E+7 588 1.4600E+7 1.4700E+7 633 1.9100E+7 1.9200E+7
544 1.0200E+7 1.0300E+7 589 1.4700E+7 1.4800E+7 634 1.9200E+7 1.9300E+7
545 1.0300E+7 1.0400E+7 590 1.4800E+7 1.4900E+7 635 1.9300E+7 1.9400E+7
546 1.0400E+7 1.0500E+7 591 1.4900E+7 1.5000E+7 636 1.9400E+7 1.9500E+7
547 1.0500E+7 1.0600E+7 592 1.5000E+7 1.5100E+7 637 1.9500E+7 1.9600E+7
548 1.0600E+7 1.0700E+7 593 1.5100E+7 1.5200E+7 638 1.9600E+7 1.9700E+7
549 1.0700E+7 1.0800E+7 594 1.5200E+7 1.5300E+7 639 1.9700E+7 1.9800E+7
550 1.0800E+7 1.0900E+7 595 1.5300E+7 1.5400E+7 640 1.9800E+7 1.9900E+7
551 1.0900E+7 1.1000E+7 596. 1.5400E+7 1.5500E+7 641 1.9900E+7 2.0000E+7
552 1.1000E+7 1.1100E+7 597 1.5500E+7 1.5600E+7
553 1.1100E+7 1.1200E+7 598 1.5600E+7 1.5700E+7
554 1.1200E+7 1.1300E+7 599 1.5700E+7 1.5800E+7
555 1.1300E+7 1.1400E+7 600 1.5800E+7 1.5900E+7
556 1.1400E+7 1.1500E+7 601 1.5900E+7 1.6000E+7
557 1.1500E+7 1.1600E+7 602 1.6000E+7 1.6100E+7
558 1.1600E+7 1.1700E+7 603 1.6100E+7 1.6200E+7
559 1.1700E+7 1.1800E+7 604 1.6200E+7 1.6300E+7
560 1.1800E+7 1.1900E+7 605 1.6300E+7 1.6400E+7
561 1.1900E+7 1.2000E+7 606 1.6400E+7 1.6500E+7
562 1.2000E+7 1.2100E+7 607 1.6500E+7 1.6600E+7
563 1.2100E+7 1.2200E+7 608 1.6600E+7 1.6700E+7
564 1.2200E+7 1.2300E+7 609 1.6700E+7 1.6800E+7
565 1.2300E+7 1.2400E+7 610 1.6800E+7 1.6900E+7
566 1.2400E+7 1.2500E+7 611 1.6900E+7 1.7000E+7
567 1.2500E+7 1.2600E+7 612 1.7000E+7 1.7100E+7
568 1.2600E+7 1.2700E+7 613 1.7100E+7 1.7200E+7
569 1.2700E+7 1.2800E+7 614 1.7200E+7 1.7300E+7
570 1.2800E+7 1.2900E+7 615 1.7300E+7 1.7400E+7
571 1.2900E+7 1.3000E+7 616 1.7400E+7 1.7500E+7
572 1.3000E+7 1.3100E+7 617 1.7500E+7 1.7600E+7
573 1.3100E+7 1.3200E+7 618 1.7600E+7 1.7700E+7
574 1.3200E+7 1.3300E+7 619 1.7700E+7 1.7800E+7
575 1.3300E+7 1.3400E+7 620 1.7800E+7 1.7900E+7
576 1.3400E+7 1.3500E+7 621 1.7900E+7 1.8000E+7
577 1.3500E+7 1.3600E+7 622 1.8000E+7 1.8100E+7
578 1.3600E+7 1.3700E+7 623 1.8100E+7 1.8200E+7
579 1.3700E+7 1.3800E+7 624 1.8200E+7 1.8300E+7
580 1.3800E+7 1.3900E+7 625 1.8300E+7 1.8400E+7
581 1.3900E+7 1.4000E+7 626 1.8400E+7 1.8500E+7
582 1.4000E+7 1.4100E+7 627 1.8500E+7 1.8600E+7
583 1.4100E+7 1.4200E+7 628 1.8600E+7 1.8700E+7
584 1.4200E+7 1.4300E+7 629 1.8700E+7 1.8800E+7
585 1.4300E+7 1.4400E+7 630 1.8800E+7 1.8900E+7
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Table 3.2.1 Comparison of 252Cf spontaneous fission neutron spectrum-averaged cross sections.
Values in parentheses are standard deviation in percent

Calculation and C/E ratio for Mannhart spectrum

Reaction Measurement JENDI/D-91 JENDL/D-99

(mb) mb (%)  C/E ratio (%) mb (%)  C/E ratio(%)
19F(1n, 2n)18F 0.01628+0.00054 0.02094 (3.94) 1.286(5.15) 0.01776 (3.43) 1.091(4.77)
24Mg(n,p)24Na 2.005+0.048 2270 (464 11326220 2.176(243) 1.085(341)
27Al(n,p)2"Mg 4.892+0.106 5.073(6.07 1037645 5.157(2.21) 1.054(3.10)
27Al(n, « )24Na 1.021+0.015 0.9910(5.81) 0.9706(5.99) 1.035(2.49)  1.014(2.89)
32S(n,p)32P 72.74+2.54 74.89(8.20)  1.030891) 74.89(8.20) 1.030(8.91)
46Ti(n,p)46Sc 14.20+0.2 1328(12.7)  09352(12.8) 13.55(3.10) 0.9542(3.41)
47Ti(n,p)¥'Sc 19.43+0.31 20.70(11.49)  1.065(11.5) 18.52(2.45) 0.9532(2.93)
48Ti(n,p)48Sc 0.4275+0.0078 0.3938(10.5)  0.9212(10.7) 0.3945 (2.76) 0.9228(3.31)
55Mn(n,2n)54Mn 0.4079+0.0092 0.4731(12.5) 1.160(12.7) 0.4959 (8.49) 1.216(8.79)
54Fe(n,p)>Mn 87.29+1.13 88.07(4.049)  1.0094.24) 89.13(2.30)0 1.021(2.64)
56Fe(n,p)*Mn 1.471+0.025 1.408 (4.89)  0.9572(5.18) 1.408 (4.89) 0.9572(5.18)
59Co(n,2n)58Co 0.4058+.0101 04128 (10.9) 1.017(11.2) 0.4088 (2.50) 1.007(3.53)
59Co(n, y )8°Co 6.97+0.34 5.255(4.66)  0.7539(6.75) 5.677(4.92) 0.8145(6.93)
59Co(n, « )56Mn 0.2221:£0.0039 0.2302 (4.67) 1.037(4.99) 0.2302 (4.67) 1.036(4.99)
58Ni(n,2n)57Ni (8.9651+0.279)x103 8.295E-3 (11.1) 0.9212(11.5) 8.323E-3 (2.29)0.9284(3.86)
58Ni(n,p)58Co 1176+15 1155(6.78)  0.9821(6.90) 114.5(2.17) 0.9736(2.52)
8Ni(n,p)®Co 2.39+.13 3.346(7.76)  1.40000.48) 2278(189) 0.9531(19.7)
63Cu(n,2n)52Cu 0.1866+0.0071 0.2135(2.74) 1.144(4.68) 0.2034(2.48) 1.090(4.54)
8Cu(n, y )8Cu 10.55+0.32 8565(19.1)  0.8118(19.3) 10.53(19.3)  0.9981(19.5)
6Culn, « )80Co 0.6897+0.0130 0.7054 (5.80)  1.023(6.10) 0.7282(2.54) 1.056(3.16)
64Zn(n,p)s4Cu 40.47+0.75 46.89(7.75)  1.159(7.97) 38.19(2.63) 0.9437(3.22)
90Zr(n,2n)89Zr 0.2211+0.0061 0.2182(3.12)  0.9869(4.17) 0.2056 (2.19) 0.9299(3.52)
9Nb(n,n’)2mNb 149+10 1495(6.82)  1.003(9.57) 149.6(3.84) 1.004(7.73)
13Rh(n,n)13mRh 757453 1716.18.72)  0.9460(7.93) 716.1(3.72)  0.9460(7.93)
15[ n(n,n’)15m]n 98.11+2.6 189.7(3.02)  0.9576(3.29) 189.7(3.02) 0.9576(3.29)
197Au(n,2n)1%Au 5.531+.099 5.853(4.77)  1.058(5.09) 5.757(2.40) 1.041(2.99)
197Au(n, y )19%8Au 77.11+1.19 75.24(8.91)  0.9757(9.04) 7524 (8.91) 0.9757(9.04)
232Th(n, fission) 89.4+2.7 82.05(.50)  0.9178(6.27) 82.05(.50) 0.9178(6.27)
252Th(n, y )233Th 87.8+4.0 83.59(12.1)  0.9521(12.9) 83.59(12.1) 0.9521(12.9)
235U (n, fission) 1210+14 1236 (2.87) 1.022(3.10) 1236 (2.87)  1.022(3.10)
238U (n, fission) 323.4+5.6 319.1(291)  0.9867(3.39) 318.9(291) 0.9861(3.39)
%7Np(n, fission) 135622 1346 (9.46)  0.9926(9.60) 1338(2.12)  0.9867(2.67)
239Pu(n, fission) 181125 1804 (2.92)  0.9961(3.23) 1804(2.92)  0.9961(3.23)
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Table 4.1.1 Neutron Flux Spectra A (Position# 1) and B (Position# 2).

No. Energy boundary Flux(/Group)
Ein(MeV) Eax(MeV) Spectrum A(#1)  Spectrum B(#2)

1 1.00100E-11 . 3.22410E-07 7.19460E-06 3.22810E-18
2 3.22410E-07 5.31560E-07 1.54690E-06 1.19460E-16
3 5.31560E-07 8.76400E-07 1.76230E-06 1.93870E-15
4 8.76400E-07 1.44490E-06 1.98670E-06 2.62330E-14
5 1.44490E-06 2.38230E-06 2.22260E-06 2.84140E-13
6 2.38230E-06 3.92780E-06 2.46400E-06 2.52620E-12
7 3.92780E-06 6.47580E-06 2.71230E-06 1.80440E-11
8 6.47580E-06 1.06770E-05 2.96360E-06 1.04040E-10
9 1.06770E-05 1.76030E-05 3.21490E-06 4.86680E-10
10 1.76030E-05 2.90230E-05 3.46840E-06 1.88280E-09
11 2.90230E-05 4.78500E-05 3.71610E-06 6.11360E-09
12 4.78500E-05 7.88910E-05 3.96110E-06 1.65580E-08
13 7.88910E-05 1.30070E-04 4.19820E-06 3.84070E-08
14 1.30070E-04 2.14450E-04 4.42550E-06 7.77320E-08
15 2.14450E-04 3.53570E-04 4.63600E-06 1.39410E-07
16 3.53570E-04 5.82930E-04 4.85360E-06 2.24680E-07
17 5.82930E-04 9.61100E-04 5.06120E-06 3.31190E-07
18 9.61100E-04 1.23410E-03 2.58720E-06 2.20900E-07
19 1.23410E-03 1.58460E-03 2.74640E-06 2.56090E-07
20 1.58460E-03 2.03460E-03 2.79320E-06 2.89570E-07
21 2.03460E-03 2.61250E-03 2.88340E-06 3.23580E-07
22 2.61250E-03 3.35460E-03 2.97250E-06 3.56060E-07
23 3.35460E-03 4.30730E-03 3.01180E-06 3.85420E-07
24 4.30730E-03 5.53070E-03 3.00010E-06 4,12220E-07
25 5.53070E-03 7.10160E-03 2.97940E-06 4.35320E-07
26 7.10160E-03 9.11860E-03 2.90240E-06 4.56240E-07
27 9.11860E-03 1.17090E-02 3.13130E-06 4.86230E-07
28 1.17090E-02 1.50340E-02 3.28920E-06 5.06090E-07
29 1.50340E-02 1.93040E-02 2.97510E-06 5.09630E-07
30 1.93040E-02 2.18740E-02 1.56230E-06 2.66820E-07
31 2.18740E-02 2.47870E-02 1.67140E-06 2.68390E-07
32 2.47870E-02 2.80870E-02 2.26940E-06 2.85510E-07
33 2.80870E-02 3.18270E-02 1.16290E-06 2.39970E-07
34 3.18270E-02 3.60650E-02 1.61290E-06 2.68940E-07
35 3.60650E-02 4.08670E-02 1.67520E-06 2.71950E-07
36 4.08670E-02 4.63080E-02 1.75630E-06 2.73480E-07
37 4.63080E-02 5.24740E-02 1.83680E-06 2.73820E-07
38 5.24740E-02 5.94610E-02 1.77540E-06 2.70720E-07
39 5.94610E-02 6.73780E-02 1.83970E-06 2.71030E-07
40 6.73780E-02 7.63490E-02 1.84330E-06 2.68970E-07
41 7.63490E-02 8.65150E-02 1.97220E-06 2.67760E-07
42 8.65150E-02 9.80350E-02 1.93070E-06 2.63010E-07
43 9.80350E-02 1.11090E-01 1.83300E-06 2.57310E-07
44 1.11090E-01 1.25880E-01 1.98350E-06 2.54210E-07
45 1.25880E-01 1.42640E-01 2.21530E-06 2.47400E-07
46 1.42640E-01 1.61630E-01 1.91380E-06 2.33080E-07
47 1.61630E-01 1.83150E-01 2.17750E-06 2.12580E-07
48 1.83150E-01 2.07540E-01 2.08510E-06 1.58900E-07
49 2.07540E-01 2.35170E-01 2.24440E-06 9.75540E-08
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Table 4.1.1 (continued)

No. Energy boundary

Flux(/Group)
Enin(MeV) Enax(MeV) Spectrum A(#1)  Spectrum B(#2)
50 2.35170E-01 2.66490E-01 2.27550E-06 4.28480E-08
51 2.66490E-01 3.01970E-01 2.33880E-06 5.94520E-08
52 3.01970E-01 3.42170E-01 2.46760E-06 1.28500E-07
53 3.42170E-01 3.87740E-01 2.57050E-06 1.45650E-07
54 3.87740E-01 4,39360E-01 2.60880E-06 1.18210E-07
55 4.39360E-01 4.97860E-01 2.58070E-06 1.23830E-07
56 4.97860E-01 5.64150E-01 2.38840E-06 2.16890E-07
57 5.64150E-01 6.39270E-01 1.91510E-06 2.18110E-07
58 6.39270E-01 7.24380E-01 2.48450E-06 2.06510E-07
59 7.24380E-01 8.20840E-01 2.52060E-06 2.02150E-07
60 8.20840E-01 9.30130E-01 2.34690E-06 1.47310E-07
61 9.30130E-01 1.05400E+00 2.19070E-06 9.02450E-08
62 1.05400E+00 1.19430E+00 2.19480E-06 1.13160E-07
63 1.19430E+00 1.35330E+00 2.23870E-06 1.20420E-07
64 1.35330E+00 1.53350E+00 2.24540E-06 1.31440E-07
65 1.53350E+00 1.73770E+00 2.18460E-06 1.21370E-07
66 1.73770E+00 1.84980E+00 1.03490E-06 6.07020E-08
67 1.84980E+00 1.96910E+00 9.27680E-07 4,99850E-08
68 1.96910E+00 2.09610E+00 8.60080E-07 5.36270E-08
69 2.09610E+00 2.23130E+00 7.98680E-07 5.71740E-08
70 2.23130E+00 2.37520E+00 7.45510E-07 6.48950E-08
71 2.37520E+00 2.52840E+00 6.71060E-07 5.77250E-08
72 2.52840E+00 2.69140E+00 5.71320E-07 5.21270E-08
73 2.69140E+00 2.86500E+00 4.40750E-07 4.69680E-08
74 2.86500E+00 3.04980E+00 4.50560E-07 4.22020E-08
75 3.04980E+00 3.24650E+00 4.61650E-07 3.79810E-08
76 3.24650E+00 3.45590E+00 4.54360E-07 3.02560E-08
77 3.45590E+00 3.67870E+00 4.43270E-07 2.77870E-08
78 3.67870E+00 3.91600E+00 4.39380E-07 2.58620E-08
79 3.91600E+00 4,16860E+00 4.43480E-07 2.71280E-08
80 4.16860E+00 4.43740E+00 4,37830E-07 2.60200E-08
81 4.43740E+00 4.72360E+00 4.23830E-07 2.58580E-08
82 4.72360E+00 5.02820E+00 4.07910E-07 2.67830E-08
83 5.02820E+00 5.35250E+00 3.90960E-07 2.73140E-08
84 5.35250E+00 5.69780E+00 3.77290E-07 3.12150E-08
85 5.69780E+00 6.06520E+00 3.65330E-07 3.03060E-08
86 6.06520E+00 6.45640E+00 3.50550E-07 3.06620E-08
87 6.45640E+00 6.87280E+00 3.35560E-07 3.06120E-08
88 6.87280E+00 7.31610E+00 3.29990E-07 3.03150E-08
89 7.31610E+00 7.78790E+00 3.20620E-07 2.94310E-08
90 7.78790E+00 8.29020E+00 3.43690E-07 3.00610E-08
91 8.29020E+00 8.82490E+00 4,20070E-07 2.94980E-08
92 8.82490E+00 9.39400E+00 4.89120E-07 2.88380E-08
93 9.39400E+00 9.99990E+00 4.71780E-07 2.82200E-08
94 9.99990E+00 1.01570E+01 1.00600E-07 6.90220E-09
95 1.01570E+01 1.03170E+01 9.71870E-08 6.95150E-09
96 1.03170E+01 1.04800E+01 9.77980E-08 7.29170E-09
97 1.04800E+01 1.06450E+01 1.02160E-07 7.67170E-09
98 1.06450E+01 1.08120E+01 1.09060E-07 8.14220E-09
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Table 4.1.1 (continued)
No. Energy boundary Flux(/Group)
Enin(MeV) Enax(MeV) Spectrum A(#1)  Spectrum B(#2)

99 1.08120E+01 1.09830E+01 1.18130E-07 8.46930E-09
100 1.09830E+01 1.11560E+01 1.25470E-07 8.38030E-09
101 1.11560E+01 1.13310E+01 1.29940E-07 8.63790E-09
102 1.13310E+01 1.15100E+01 1.29210E-07 9.29900E-09
103 1.15100E+01 1.16910E+01 1.18810E-07 9.75730E-09
104 1.16910E+01 1.18750E+01 1.01000E-07 1.05300E-08
105 1.18750E+01 1.20620E+01 8.05630E-08 1.15470E-08
106 1.20620E+01 1.22520E+01 6.85550E-08 1.29790E-08
107 1.22520E+01 1.24450E+01 6.03910E-08 1.41120E-08
108 1.24450E+01 1.26410E+01 5.56140E-08 1.55750E-08
109 1.26410E+01 1.28400E+01 4.80430E-08 1.73030E-08
110 1.28400E+01 1.30420E+01 3.99610E-08 1.89470E-08
111 1.30420E+01 1.32480E+01 3.64540E-08 2.14370E-08
112 1.32480E+01 1.34560E+01 5.02470E-08 2.34630E-08
113 1.34560E+01 1.36680E+01 6.99150E-08 2.55310E-08
114 1.36680E+01 1.38830E+01 9.44680E-08 2.72060E-08
115 1.38830E+01 1.41020E+01 6.85110E-08 2.97260E-08
116 1.41020E+01 1.43240E+01 7.36400E-08 3.22650E-08
117 1.43240E+01 1.45500E+01 3.60560E-07 3.56080E-08
118 1.45500E+01 1.47790E+01 2.79750E-06 3.74730E-08
119 1.47790E+01 1.50120E+01 4.86670E-06 2.92010E-08
120 1.50120E+01 1.52480E+01 2.67170E-06 1.39210E-08
121 1.52480E+01 1.54880E+01 1.70780E-06 6.02850E-09
122 1.54880E+01 1.57320E+01 0.00000E+00 0.00000E-00
123 1.57320E+01 1.59800E+01 0.00000E+00 0.00000E+00
124 1.59800E+01 1.62310E+01 0.00000E+00 0.00000E+00
125 1.62310E+01 1.64870E+01 0.00000E+00 0.00000E+00
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Table 4.2.1 List of samples contained in the foil packets

Packet Foils

No./position (ordered from the source side)

#1/P1 Al, Nb, Ni, Ti, Zr, Fe, Mg, Al, Au, Nb, Al, Mn*
#2/P2 Al, Nb, Cu, Ni, Fe, Nb, Al, NaCl*

*: Two powder samples of NaCl and Mn are contained in thin plastic bags in size of about 15 mm in
diameter X 1.5mm in thickness; the rest ones are metal disks of 15 mm in diameter x 0.1-0.2 mm in
thickness except for Cu (15mm in diameter X 1mm in thickness).
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9.01900+ 3 1.88352+ 1 0 0 0
0.00000+ 0 0.00000+ O 0 0 0
1.00000+ 0 0.00000+ O 0 0 10
0.00000+ 0 0.00000+ O 0 0 55
9-F - 19 NAG EVAL-JUL96 T. IGUCHI
DIST-JUL98
——-JENDL/D-99 MATERIAL 925

----- INCIDENT NEUTRON DATA

------ ENDF-6 FORMAT

HISTORY

96-07 EVALUATION WAS PERFORMED FOR JENDL DOSIMETRY FILE BY
T. IGUCHI (NAGOYA UNIV.)

===== GROUP-WISE DATA FILE =====

CROSS SECTIONS WERE AVERAGED IN THE SAND-I1 TYPE 640 ENERGY
INTERVALS.

<DOSIMETRY CROSS SECTION>
F-19 (N,2N) F-18 (HALF-LIFE = 109.77 M)

MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 PARAMETERS
ONLY SPIN AND SCATTERING RADIUS ARE GIVEN.

MF=3 NEUTRON CROSS SECTIONS
MT=16 (N,2N) CROSS SECTION
- EXPERIMENTAL DATA/1-16/ IN NESTOR-2/17/ WERE TAKEN FOR
THE EVALUATION USING GMA CODE/18/.

MF=33  COVARIANCES OF NEUTRON CROSS SECTIONS
MT=16 GENERATED USING THE GMA CODE.

REFERENCES
1) J.CSIKAI: EANDC-50S, 2, 102 (1965).

2) M.BORMANN+ : NUCLEAR PHYSICS, 63,438 (1965).

3) A.CHATTERJEE+ : BARC-305,30 (1967)

4) H.0.MENLOVE+ : PHYSICAL REVIEW, 163, 1308 (1967).

5) A.PASQUARELL| : NUCLEAR PHYSICS/A, 93, 218 (1967).

6) H.K.VONACH+ : NUCLEAR PHYSICS/A, 118, 9(1968)

7) R.MOGHARRAB+ : AKE,19, 107 (1972).

8) J.ARAMINOWICZ+: INR-1464, 14 (1973).

9) J.C.ROBERTSON+ : JUNE, 27, 531 (1973).

10) R.A.SIGG : DA/B, 37, 2237 (1976).

11) T.B.RYVES+ : JP/G, 4(11), 1783 (1978).

12) Y. IKEDA+ : JAERI-1312 (1988).

13) K.KOBAYASHI+:PROC. 88MITO, 261 (1988).

14) 1.KIMURA+: NUCLEAR SCIENCE AND ENGINEERING, 106, 332 (1990)
15) K.KOBAYASHI+ : PROC. 88MITO, 261 (1988).
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18) W.P.POENITZ : PROC. CONF. NUCLEAR DATA EVALUATION METHODS

Fig. 2.3.1 ‘ An example of the group-wise data.
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AND PROCEDURES, BROOKHAVEN NATIONAL LAB. 1980, BNL-NCS-

51363, P.249 (1981).

9.01900+ 3 1.
9.01900+ 3 1.
0.00000+ O 0.
5.00000- 1 5.

9.01900+ 3 1.
04316+ 7-1.
92
.09000+ 7 7.
. 12000+ 7 1.
. 15000+ 7 2.
. 18000+ 7 4.
. 21000+ 7
. 24000+ 7
. 27000+ 7
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Fig. 5.1.6 C/E range of spectrum-averaged cross sections for YAYOI spectrum.
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Fig.5.1.8 C/E range of spectrum-averaged cross sections for JMTR integral test.
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Appendix  Graphs of Dosimetry Cross Sections

In this Appendix, the cross sections stored in the JENDL Dosimetry File 99 are shown in a
graphical form. As described in 2.3, there are two kinds of files: point-wise file and group-wise file.
Here, only the group-wise data are shown together with their one standard deviation and data in
IRDF-90V2. In the graphs, thick red lines represent the JENDL Dosimetry File 99, thin red lines
their standard deviation and blue dashed line IRDF-90V2. The IRDF-90V2 curve is not illustrated
if the data are either unavailable for a certain reaction or completely equivalent to the JENDL/D-99
data.



100

Cross Section (b)

Cross Section (b)

JENDL Dosimetry File 99 (JENDL/D-99)

JAERI 1344

107

Fig. A.2

%Li a- production cross section.

- —
6v -
10° i Li(n,t)o i i 0
— JENDL/D-99 Hii
10? il 1 ---- IRDF-90V2 [t
= o I
10! LU LU
T i
100 =l Ll Il
10
10 2 1 0 1 2 3 4 5 6
10~ 10 10° 100 10© 10° 10 10° 10
Neutron Energy (eV)
Fig. A.1 6Li(n, t)o, cross section.

10* = S
10° il °Li a-production

= —— JENDL/D-99
10 L
10t LI i il
10° | ;&E
10—1 ===k =+H
10 -2 1 0 1 2 3 4 5 6

10 10© 10° 100 10 10° 10 10° 10
Neutron Energy (eV)

107



JAERI 1344 Appendix : Graphs of Dosimetry Cross Sections 101

0.5 | | | |
"Li t-production
0.4 e =
2 e S
£ 03 \\‘~\::Tiz“xhxxxﬁwx““wuxx
32 41 R
) \‘--.
2 0.2 .
© ~
]
0.1 Aﬁﬂ#ﬂ# BN
0.0
0 10 20
Neutron Energy (MeV)
Fig. A3 "Li t- production cross section.
10* R
10° E E E
—_ P —— JENDL/D-99 i
S A —— IRDF-90V2 T[]
= 10
8 ==
153
w 10!
2 i
O 10° UL il |
10" LI
107

10° 10 10 10° 10* 10° 10° 107
Neutron Energy (eV)

Fig. A4 1%B(n, or)’Li cross section



Cross Section (b)

Cross Section (b)

JENDL Dosimetry File 99 (JENDL/D-99) JAERI 1344

B o~-production F

11

—— JENDL/D-99 Hi

—
-
[}

ek
<

2
Il
i

107!

1072
1072

10t 10° 10! 10° 10® 10* 10° 10° 10
Neutron Energy (eV)

Fig. A.5 B ¢-production cross section.

0.14

I I I
PF@n,2n)"°F

e
[
[\O]

<
U
O

<
O
0

—— JENDL/D-99 ﬁdfiiw—

i

""" IRDF-90V2 E

=

<
-
>N

4

<
<
K

0.02

0.00
10

15 20
Neutron Energy (MeV)

Fig. A.6 19F(n, 2n)’8F cross section.



JAERI 1344 Appendix : Graphs of Dosimetry Cross Sections 103

| 23Na(n,Zn)zzNa

o
ju—
[\®

.:
[
-

—— JENDL/D-99

<
o
N

Cross Section (b)
O
O
o0

O
O
X

0.02 :
0'0010 15 20
Neutron Energy (MeV)
Fig. A.7 23Na(n, 2n)22Na cross section.
10° ;
23Na(n,y)?‘A’Na ﬁ E ﬁ
10! ! |l — JENDL/D-99
O e 1 1 41 1 11 £ 31 i IRDF-90V2
a s
g 107 b
3
]
£ 107 =
@)
10" 5l
10 ) 1 0 1 2 3 4 5 6 7
10- 100 10° 10° 10° 10° 10" 10° 10> 10
Neutron Energy (eV)

Fig. A.8 “Na(n, y)MN a cross section.



104 JENDL Dosimetry File 99 (JENDL/D-99) JAERI 1344

0.3 | I I I
*Mg(n,p)**Na
=
= 0.2
= —— JENDL/D-99
*g ----- IRDF-90V2
v
S
S 0.1
0.0
0 10 20
Neutron Energy (MeV)
Fig. A.9 24Mg(n, p)24Na cross section.
27 2
0.12 Al(n,p) 7Mg
2010 —=—— JENDL/D-99
g | | IRDF-90V2
= 0.08 ran
/8] i
2 (.06 2
5 }"/
0.04 j}ﬂ
0.02 ,;r"
0.00 1
0 10 20
Neutron Energy (MeV)

Fig. A.10 7 Al(n, p)*’Mg cross section.



JAERI 1344 Appendix : Graphs of Dosimetry Cross Sections 105

0.16 | | |
0.14 ‘ 27 A1(n,00)**Na

012

2 —— JENDL/D-99

g 0.10

2 0.08

€ 0.06

O
0.04
0.02 /

0.00 e
0 10 20
Neutron Energy (MeV)
Fig. A.11 7 Al(n, or)**Na cross section.
0.20 T T 1
| "'P(.p)’Si
0.15 <P~

@ ,_—.._.}‘4'_“' )jff : ‘LLHI"'-.

g et \\\

B

2 0.10 ey

e ——JENDL/D-99 \

O N (L I e TRDF-90V2 B
0.05 S
0.00

0 10 20

Neutron Energy (MeV)

Fig. A.12 3p(n, p)3 'Si cross section.



106 JENDL Dosimetry File 99 (JENDL/D-99) JAERI 1344

32 32
S(n,p) P

05 (n,p)
< 04 S
g ::; r"d;:::h‘lt
3 .'fi/‘:f _____ g Pl "\::1._.
303 el X
§ O 2 l';-':/f";y \I\\kﬁl
© { * || — JENDL/D-99 \"‘\a

28 I I IRDF-90V?2 \\%
01 /f i IS
0.0

0 10 20
' Neutron Energy (MeV) ‘
Fig. A.13 23(n, p)**P cross section.
10 e - .
10! " 45Sc(n,y)%Sc ___“E
. i —— JENDL/D-99
L .0 dg‘i ----- IRDF-90V2 [
= 10
3
5 -
3 101 L D0 S
S i
S 102 L
107
10-4 ) 1 0 1 2 3 4 5 6 7
10 10 10° 10 10 10° 10" 10° 10°> 10
Neutron Energy (eV)

Fig. A.14 45Sc(n, 7)46Sc cross section.



107

20

JAERI 1344 Appendix : Graphs of Dosimetry Cross Sections
P8t (%) S 6
] \”'J\
_0.03 T Sy
£
E f?% s
8 0.02 ff/,/
it
o
O —— JENDL/D-99
0.01
0.00 i
0 10 20
Neutron Energy (MeV)
Fig. A.15 "UTi(n, X)*°Sc cross section.
0.10 | | |
" Ti(n,x)"' Sc
0.08 :
=y
© 0.06 JENDL/D-99 7
5 /f
P 4
§ 0.04
O /
0.02
4
| /__,——a%
//
0.00 -
10
Neutron Energy (MeV)

Fig. A.16

"'Ti(n, x)*'Sc cross section.



108

JENDL Dosimetry File 99 (JENDL/D-99) JAERI 1344

0.08 I i I
"'Ti(n,x) " Sc
0.06
o P
5 —— JENDL/D-99 ff;/’j’w\\ \
3 0.04 oI i N
40 ZZA T IN
2 SO
&) - \\\
0.02
0.00 i
0 10 20
Neutron Energy (MeV)
Fig. A.17 "™Ti(n, x)*Sc cross section.
*Ti(n,2n)Ti P
< 02 ffﬂﬁ
| 5 —— JENDL/D-99 Hﬁf
8]
&
G 0.1 fﬁ
0.0 e
10 15 20
Neutron Energy (MeV)

Fig. A.18 *Ti(n, 2n)*Ti cross section.



JAERI 1344 Appendix : Graphs of Dosimetry Cross Sections 109

46Ti(n,p)46Sc
03
<
o
3
3 02
2 —— JENDL/D-99
6 ----- IRDF-90V2
0.1
0.0
0 10 20
Neutron Energy (MeV)
Fig. A.19 46Ti(n, p)46Sc cross section.
47Ti(n,np)468c

JENDL/D-99 —
""" IRDF-90V2 et el
"]

v

<
o

Cross Section (b)

e
[E—

O'OIO 15 20

Neutron Energy (MeV)

Fig. A.20 “MTi(n, np)“Sc cross section.



110 JENDL Dosimetry File 99 (JENDL/D-99) JAERI 1344

0.20 I I |
“"Ti(n,p)*'Sc
_0.15
<
o
2
3 0.10
e
© —— JENDL/D-99
0.05 . " ----- IRDF-90V2
0.00 ey
0 10 20
Neutron Energy (MeV)
Fig. A.21 “Tin, p)47Sc cross section.
0.2 *Ti(n,np)*’Sc

S
N

Cross Section (b)
o
-
o0
\H%

—— JENDIL/D-99
0.06 —4—H ——-- IRDF-90V?2 f
0.04 S - s S -
0.02 il
M’FFH-H.‘
0.00 assles
10 15 20

Neutron Energy (MeV)

Fig. A.22 48Ti(n, np)47Sc cross section.



Appendix : Graphs of Dosimetry Cross Sections 111

JAERI 1344
0.10 l | I
®Ti(n,p)*sc
0.08
£
g 0.06 —— JENDL/D-99
g | || IRDF-90V2
o
§ 0.04
O 4
0.02
0.00 #,,/
0 10 20
Neutron Energy (MeV)
Fig. A.23 ®Ti(n, p)*Sc cross section.
0.10 I | I
“Ti(n,np)**Sc s
0.08 g
s e
£ 0.06 —— JENDL/D-99 A e
f
[¢2] _.--'—"'_’_r-'_’—r
2 0.04 7 ;"Hﬁ |
5 iff ]
S
0.02 i
0.00
10 15 20
Neutron Energy (MeV)

Fig. A.24 “Ti(n, np)*Sc cross section.



112

JENDL Dosimetry File 99 (JENDL/D-99) JAERI 1344

Cr(n,y)’'Cr f

JENDL/D-99

Cross Section (b)
S

102
10
10"
5
10 102 10° 10* 10° 10° 10’
Neutron Energy (eV)
5°Cr(n, 7)5 'Cr cross section.
0.8 I |
52C1r(n,2n)51Cr
0.6 =
ey —— JENDL/D-99 Ak
= IRDF-90V2 fﬁ?&r/“
3 04 frf
S
@
AR
0.0
10 15 20
Neutron Energy (MeV)

52Cr(n, 2n)’'Cr cross section.



JAERI 1344 Appendix : Graphs of Dosimetry Cross Sections 113

55Mn(n,2n)54Mn I
1.0

0.8 I = =
0.6 H;;;%ﬁ

s — JENDL/D-99
0.4 St I R P IRDF-90V2
0.2 ﬁ{gﬁﬁ
0.0

Cross Section (b)

10 15 20
Neutron Energy (MeV)
Fig. A.27 >Mn(n, 2n)**Mn cross section.
10°
102 55Mn(n,y)56Mn i
1 TS
o 10 JENDL/D-99
g 10" =
‘§ 4 i
v 10 =
ég 1072 }
107
10
10°

102 107 10° 10" 10* 10® 10* 10° 10° 107
Neutron Energy (eV)

Fig. A.28 *Mn(n, 'y)56Mn cross section.



114

JENDL Dosimetry File 99 (JENDL/D-99) JAERI 1344

0.8 I I |
M e(n,p)54Mn
__ 06
<
3 04
2
© —— JENDL/D-99
0.2 ;o e IRDF-90V2
0.0 L—
0 10 20
Neutron Energy (MeV)
Fig. A.29 **Fe(n, p)**Mn cross section.
0.16 | | l
0.14 Fe(n,p)*Mn
_ 012
<
= 0.10 —— JENDL/D-99 o
2 | |- IRDF-90V2
3 0.08
& 0.06 X
O .
0.04
0.02
0.00
10 20
Neutron Energy (MeV)

Fig. A.30

56Fe( n, p)5°Mn cross section.



115

JAERI 1344 Appendix : Graphs of Dosimetry Cross Sections
0.10 | | |
57Fe(n,r1p)56Mn
0.08
9
g 0.06 ——— JENDL/D-99 ]
2 (.04 Ei 2l
5 ﬁﬂf
0.02 il
ﬁfﬁ’
g 2
0.00 e
10 15 20
Neutron Energy (MeV)
Fig. A.31 7Fe(n, np)’ Mn cross section.
10° =
02 **Fe(n,y) "Fe [

JENDL/D-99
~ 1o CEHETHE IRDF-90V2
= =
g
5 10°
n
2 107!

=
@)
10 - :
107 / \
10" !
102 107 10° 10' 10*> 10° 10* 10° 10° 107
Neutron Energy (eV)

Fig. A.32 *®Fe(n, 7)™ Fe cross section.



116

1.4

JENDL Dosimetry File 99 (JENDL/D-99)

JAERI 1344

1.2

T ]
*Co(n,2n)**Co

1.0 — —— 1ENDL/D-99
----- IRDF-90V2

0.8

P

0.6

Cross Section (b)

7

0.4

0.2 f

0.0 L—-=F
10

—t
<
D

15
Neutron Energy (MeV)

20

Fig. A.33 59Co(n, 2n)58C0 cross section.

PCo(n,1)*°Co

[a—
o
[\

JENDL/D-99
IRDF-90V2

[u—y
<

Cross Section (b)

— — [y p—
O () (ow] <o
L L Lo

10
102 107

10° 10" 10* 10° 10
Neutron Energy (eV)

Fig. A.34 59Co(n, 7)60Co cross section.

10° 10® 10’



Appendix : Graphs of Dosimetry Cross Sections 117

JAERI 1344
0.04 i I |
59Co(n,oc)56Mn
. 0.03 xﬁ; EH
s //Jf/ )
§ —— JENDL/D-99 / e
c% 0.02 IRDF-90V2 fl t"*.‘
S
o
0.01
0.00
0 10 20
Neutron Energy (MeV)
Fig. A.35 $Co(n, 0)*Mn cross section
0.10 l | |
*Ni(n,2n)’'Ni
0.08 — ﬁfﬁ-—‘”
s L
= ﬁ
© 0.06 JENDL/D-99
R IRDF-90V2
7
Z 0.04 E
O f,rrrr
0.02 ﬁ
0.00 =]
10 15 20
Neutron Energy (MeV)

Fig. A.36 58Ni(n, 2n)57Ni cross section.



JENDL Dosimetry File 99 (JENDL/D-99) JAERI 1344

118
58Ni(n,p)58C0
o~ 0.6 == "-\,‘
< i i
- ,"’ ‘..15
2 3
o ;
2 04 i
|72}
& —— JENDL/D-99
S A IRDF-90V2 T
0.2
0.0
0 10 20
Neutron Energy (MeV)
Fig. A.37 ¥Ni(n, p)*®Co cross section.
0.20 | , |
60Ni(n,p)60C0
015
<
g — JENDL/D-99
=S IRDF-90V2
3 0.10
2
e
O
0.05
0.00 il
0 10 20
Neutron Energy (MeV)

Fig. A.38

ON i(n, p)6°C0 cross section.



JAERI 1344 Appendix : Graphs of Dosimetry Cross Sections 119

1.0 I | I
63Cu(1f1,2n)62(ju
0.8 I
2 P E e
E 0.6 ~—— JENDL/D-99 e
p=EE N IRDF-90V2 i
2 04 &
O f
0.2
0.0 =
10 15 20
Neutron Energy (MeV)
Fig. A.39 83Cu(n, 2n)**Cu cross section.
10° -
10 Suny)®cu [
JENDL/D-99
I S 1 1 O e TRDF-90V2
e -
g —]
5 10° =
m [
2 107 N
2 i .
- |
107
107

107
102 100 10° 10 10* 10° 10* 10° 10® 107
Neutron Energy (eV)

Fig. A.40 63Cu(n, 7)64Cu cross section.



JAERI 1344

20

120 JENDL Dosimetry File 99 (JENDL/D-99)
SCu(n,0)®Co
0.05
< 0.04 ‘
§ —— JENDL/D-99 |
1> e N IRDF-90V2 |
2 0.03 B S
8 ;‘.""zl
6 002 .:g:"‘"l
0.01
0.00 —J
0 10 20
Neutron Energy (MeV)
Fig. A.41 8Cu(n, a)*°Co cross section.
1.4 I , |
65 64
12 Cu(n,2n) Cu
o 1.0
g
= 0.8
3
wn —— JENDL/D-99
2 06— 17 17— IRDF-90V2
St
“ 04
.0.2 Ja
0.0
15
Neutron Energy (MeV)

Fig. A.42

65Cu(n, 2n)64Cu cross section.



JAERI 1344 Appendix : Graphs of Dosimetry Cross Sections 121

| 64Zn(n,p)MCu
0.3
2 o}
= i
& /-»/_ . 3
3 0.2 /»ﬁ(/ A
N F
s Wl R
@) .
0.1 —— JENDL/D-99 | | Myl o]
AT ----- IRDF-90V2 [ [ [T | e
——
0.0 =
0 10 20
Neutron Energy (MeV)
Fig. A.43 8Zn(n, p)64Cu cross section.
14 ' ®Y(n,20)*°Y
12 Rt
<
.5 1.0
3 0.8 JENDL/D-99
o i IRDF-90V2
o 0.6
O
0.4 4
0.2 ;
0.0 Ed
10 15 20
Neutron Energy (MeV)

Fig. A44 BY (1, 2n)**Y cross section.



122

Cross Section (b)

Cross Section (b)

JENDL Dosimetry File 99 (JENDL/D-99)

JAERI 1344

1.4 90Zr(n,2n) 5 7r
1.2 —
1.0 W
0.8 JENDL/D-99
""" JRDF-90V2
0.6 jf
04 If_.
0.2 :
0.0
10 15 20
Neutron Energy (MeV)
Fig. A.45 9071(n, 2n)*Zr cross section.
0.4 [TTTI 1
0.3
B
——JENDL/D-99 [
----- IRDF-90V2 _,giﬁlﬁ
0.2 i
0.1
w’ﬁ
0.0 M
10° 10°
Neutron Energy (eV)

Fig. A.46

%Nb(n, n’)"™Nb cros

s section.



JAERI 1344 Appendix : Graphs of Dosimetry Cross Sections 123

0.6 [ I | [ |
S 04 g
g —— JENDL/D-99
= | ||7°°° IRDF-90V2 j
5
m o
: f
3 0.2 -
0.0
5 10 15 20
Neutron Energy (MeV)
Fig. A 47 %Nb(n, 2n)°*™Nb cross section.
1.6 T T T 11100
1.4 '®Rh(n,n) ®"Rh
1.2 Al
s i
= 1.0 ——JENDL/D-99 F—EBE?HI 1
g || - TRDF-90V?2 .
Q
2 038 » i H
8 0.6
O . fi
0.4
0.2 = E%
0.0 MR —
10* 10° 10° 107
Neutron Energy (eV)

Fig. A.48 193Rh(n, n’)'®™Rh cross section.



124

JENDL Dosimetry File 99 (JENDL/D-99) JAERI 1344

10* _
103 PAgmy "Ag
102 —— JENDL/D-99 {1l
< S ek S S IRDF-90V?2
g 10° -
k3]
s 10°
B 1l :
5 10 =
102
10_3 il
10 5 I 0 i 2 3 4 5 6 7
10 10 10 10 10 10 10 10 10° 10
Neutron Energy (eV)
Fig. A.49 ) 1°9Ag(n, y)“omAg Cross section.
0.5 [TTTI 1
11 5111(1‘1,11') 1 15rnIrl
04
o LR
= 03 ——JENDL/D-99 nBc-'E'ci B2
2 )
§ 0.2
0.1
L
.r‘*; \§
0.0 ]
10° 10° 107
Neutron Energy (eV)

Fig. A.50 "n(n, n*)!""™n cross section.



JAERI 1344 Appendix : Graphs of Dosimetry Cross Sections 125

JENDL/D-99

Cross Section (b)

10 I -
102 10! 10° 10' 10% 10° 10* 10° 10° 107

Neutron Energy (eV)
Fig. A.51 "5m(n, )" In cross section.
2.5 [ —
- 1271(11,211)126I
2.0
S P
5 s —— JENDL/D-99 A
2 00 | IRDF-90V2 B ]
3 2
n
2 1.0
S
@)
0.5
0.0 ““ﬁ
5 10 15 20
Neutron Energy (MeV)

Fig. A.52 "2(n,2n)"?1 cross section.



Cross Section (b)

Cross Section (b)

JENDL Dosimetry File 99 (JENDL/D-99) JAERI 1344

[a—
<o
W

ISIEH(I’I, )152Eu

o
<o
BN

—— JENDL/D

[
-
[F%
1
O
\O

ek
o
A

Ju—
<

[E—y
-
o

ja—
<

107 | i

102 100 10° 10" 10% 10° 10* 10° 10° 107

Neutron Energy (eV)
Fig. A.53 BEu(n, y)mEu cross section.
2.5 I | | | [ [
169Tm(n,Zn)léng
2.0 i S e
13 ﬁf \
1.0 —— JENDL/D-99 l‘ 2
f | R
0.5
0.0
5 10 15 20

Neutron Energy (MeV)

Fig. A.54 1 Tm(n,2n)'*®*Tm cross section.



JAERI 1344 Appendix : Graphs of Dosimetry Cross Sections 127

10°

06 181Ta(n,,y)182Ta

[EE—Y
-

[S8}
i

JENDL/D-99

ju—
O
N

[W—
O
—
v
|
U

[USy
-
[

Cross Section (b)
/
/

— ot pd
o o o
& ) —

102 107 10° 10' 102 10° 10* 10° 10° 10’
Neutron Energy (eV)

Fig. A.55 "Bl Ta(n, y)'gZTa cross section.

186W(1’1,'Y)187W i

—— JENDL/D-9

-
o)
W
I
Il

Cross Section (b)

- I -
102 100 10° 100 102 100 10* 10° 10° 10’
Neutron Energy (eV)

Fig. A.56 18w (n, y)'*’W cross section.



128 JENDL Dosimetry File 99 (JENDL/D-99) JAERI 1344

3.0 [ [ I | [ |
197Au(n,21:1)196Au
2.5
o 1z
= 20 s
o o™
S ﬁ’f
3 1.5 i .
0]
S —— JENDL/D-99
o 10—r—T—TTFT1T"1----- IRDF-90V2 b
0.5
0.0
5 10 15 20
Neutron Energy (MeV)
Fig. A.57 197Au(n, 2n)196Au Cross section.
10°
0 197 Au(n,y)wg Au
S 10°
g JENDL/D-99
£ 107 ~-—-- IRDF-90V2 _
A
2 10!
&)
10° -
107!
1072 2 | 0 1 2 3 4 5 6 ! 7
10 10° 10° 100 10 10° 10" 10> 10° 10

Neutron Energy (eV)

Fig. A.58 7 Au(n, y)'gsAu Cross section.



129

JAERI 1344 Appendix : Graphs of Dosimetry Cross Sections
1.0 mEEN T
190 0(n.n) %" Hg |
0.8 JJ'_”\
S A
£ 06 ——JENDL/D-99 AN
E A
3 AT
crﬁ O 4 r‘j fr,r" H“\
g > AT \
O Ir,r"jr" \\\
02 7
géﬁ &
0.0 WE: S
10° 108 107
Neutron Energy (eV)
Fig. A.59 199Hg(n, n’)!*™Hg cross section.
101 —t—1—1— T
232Th fission
100 == e e e —————— e ————
© A - ~
o JENDL/D-99 %
s B - IRDF-90V2 |5
3 102 =
S 4
Q 10 e S
10 L
_IJE_ ;
| -
10° LT
10° 10° 107
Neutron Energy (eV)

Fig. A.60 22Th fission cross section.



130

Cross Section (b)

Cross Section (b)

JENDL Dosimetry File 99 JENDL/D-99)

JAERI 1344

10*
e 232Th(n,y)233Th
10 I —— JENDL/D-99 [
----- IRDF-90V2

10 :
10°
107!
102
107 ) ] 0 1 p) 3 2 5 6 I~~7

10- 10 10" 100 100 10° 107 10° 10° 10

Neutron Energy (eV)
Fig. A.61 “2Th(n, y)**>Th cross section.
10%
2337 fission
10° k |
TH E —— JENDL/D-99
. - ———-- IRDF-90V2

10? 1 :
10! X
1 00 T‘ el
10 1 213 107 105 100 107

10 10° 10° 100 104 10° 10 10> 10° 10

Neutron Energy (eV)

Fig. A.62 »5( fission cross section.



JAERI 1344

Cross Section (b)

Cross Section (b)

10!

Appendix : Graphs of Dosimetry Cross Sections

10°

-1
10 —— JENDL/D-99
IRDF-90V2

1072

238

U fission

| ]

107

10

107

107

1077

1078
107

107!

10°

Fig. A.63

10!

Neutron Energy (eV)

2! - .
38U fission cross section.

238U (Il, ,Y)239U

HH
I
Ll

|
10> 10° 10* 10° 10° 10

131

=

T
T
||

- =

-l

— JENDL/D-99 [l

IRDF-90V2

107!

10°

Fig. A.64

10

102

10° 10*

Neutron Energy (eV)

238U(n, 7)23 °U cross section.

10°

10°

107



JENDL Dosimetry File 99 (JENDL/D-99) JAERI 1344

132
10! NS
>'Np fission E
10° ‘
9 i
g 107 : |
3 . |
75 [~% il
2 2 i | -k
2 10
) i mil
e —— JENDL/D-99
10 w ----- TRDF-90V2
10 ) -1 0 lll 2 3 W 5 mé 7
10© 10 10° 10° 10© 10° 10" 10° 10° 10
Neutron Energy (eV)
Fig. A.65 “Np fission cross section.
104 I
239 :
Pu fission
_ﬁ:_..
10° ot
<
o 2 —— JENDL/D-99
g 10 S =csnn=c [ IRDF-90V2
8 =
72 |
@ 1
§ 10
@)
10° 1
|

107!
102 10" 10 10! 10® 10® 10* 10° 10° 107
Neutron Energy (eV)

239

Fig. A.66 Pu fission cross section.



JAERI 1344 ’ Appendix : Graphs of Dosimetry Cross Sections 133

10? —
I Am fission
10? %
)
8 B
3 10°
107! | At
i nE
|
1072 |
102 100 10° 10! 102 10°
Neutron Energy (eV)

Fig. A.67 ! Am fission cross section.



This is a blank page.




ERREAR (SD LBEX

F1 SIEABAS L URHEE F2 SIEHHEIh BB %5 SI#EsEE
& g W I = 2 ¥ 7z = =% BEE B S
& EiA — b ow m 4y, ¥, B | min, h d 0% x v 4 E
i) B| %0754 kg g, 5, ® . 0% = % P
B il B s b oo b | L L 1012} # 3 T
B BT v T A 3 vt 108 ¥ # G
BMAZEBE |7y » v v K P e 08 #  # M
i H B|= L% mol @:%Egéﬁ‘l u 102 ES =) k
# BEls v 75 cd 020 ~ 2 b h
T ® B YT v rad 1eV=1.60218x107°J w7 # d?
I & BirFIITY st 1 u=1.66054x 10" kg 0| ¥ o P
107 ® ¥ F ¢
1070 3 J] m
®3 EHOEHE LD SIATBM 0o | 4s0]|
F4 SIEEREENK o
e | B STESL 10 + / n
&’ & |&ES | 18 WSO BB ol e a2 p
A % Bi~ v v Hz s & B E - 107 724k f
bz} = a2 — bV N m-kg!‘s"’ F TR D - L A jnad s a
E . B AR A ]| Pa N/m? ~ _ v b
I HE BBV 2 ~ ] J N-m e _ W bar (i)
I®E, BB HE|7 » b W Js # vl Gal L o®1-50 (EEEGR] B5 5 B8
THAR., @H|7 -0 ¥ C | As a2 4y = Ci ERHE ISSERITIE S, 24L, 16V
EoL %&‘.j_ziéﬁ & w l~. \ W/A I R BLU 1 uDfEid CODATA @ 1986 FEH 2
}'{'@ ':g F=3 ﬂ 7 7 5 VW F C/V 35 I rad ﬁﬁ‘cch ';f“'
T R B HiF - 4| Q| VA v 4l rem -
sy gy v |¥-xvx] § | AV 2. RARBER /b, T—n, ~I5
B #lw 2 — | Wb Vs 1A=0.1nm=10"m —AEESENTVLANAFEOBELOTT
B o® % ElF 2 3| T | Wbo/m? 1 b=100 fm?=10"2¢ m? CTIREBL 7,
O . o on . o
:’z ; i g ié; ;;ﬂ))zﬁ: Ié Wh/A { bar=0.1 MPa=10°Pa 3.Ab1;:-%ilsf§iﬁ{$®»f£2;§h?iﬁ
: < £ _ e 4 DAFTY —RAEEATY
% #lw - 2 v Im | cdosr 1 Gal=1em/s?=10"2m/s? 2
B3 vy 2| z 1 Ci=3.7x10'"Bq °
= x | lm/m - » 4 ECHMEFELIESTHE bar, barns
% 4 |~ 7 v Bg s LR=258x107Clke U TMEOEY ) mmHg #2005 )
p §
® R B ®|7 v 4| Gy| ke 1rad=1cGy=10"Gy e AnTL mmae 7
# /0% F|vr-~wbk]| Sv J/kg 1 rem=1c¢Sv=10"8v °
# 1 *
71| N(=10°dyn) kgf Ibf £ | MPa(=10 bar) kgf/cm?® atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1872 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 71| 0.0980865 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
5 E 1Pas{Ns/m®)=10P{#£7X)(g/(cms)) 1.33322 x 10™* | 1.35951 x 107% | 1.31579 % 107? 1 1.93368 x 1072
I 1m?/s=10'St(X b =7 2) (cm?¥/s) 6.89476 x 107 | 7.03070 x 10" | 6.80460 x 1072 51.7149 1
| J(=10"erg) kgf*m kW+h cal GtEE) Btu ft = Ibf eV 1cal = 4.18605 J (GHatE:)
3
o 1 0.101972 | 2.77778 x 107 0.238889 | 9.47813 x 107¢ 0.737562 6.24150 x 10'® =4184J (Bfk3)
3
! 9.80665 1 2.72407 x 107 2,34270 9.20487 x 1072 7.23301 6.12082x 10 =4.1858J {15°C)
% 3.6x10°% | 3.67098 x 10° 1 859999 x 10° 3412.13 2.65522 x 10° | 2.24694x 10% =4,1868 J (EBBRERR)
- 4.18605 0.426858 | 1.16279 % 107¢ 1 3.96759 x 1072 3.08747 261272x 10"  gm®m | pS (LEH)
2 1085.06 107.586 2.93072 % 107 252.042 1 778.172 6.58515 x 102’ =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 107" 0.323890 1.28506 x 1072 1 8.46233 x 1018 = 735.499 W
1.60218 x 107% | 1.63377 x 10~%°| 4.45050 x 1077%| 3.82743 x 10°%° | 151857 x 102%| 1.18171 x 107** 1
b4 Bg Ci fé Gy rad ;g C/kg R g Sv rem
al 1 2.70270 x 10~ ® 1 100 ] 1 3876 W 1 100
3 &= g . 2
3.7 x 10 1 0.01 1 2.58 x 1074 1 0.01 1

(86 4 12 A 26 BHRE)



&7

ZEALTLY

(]
[

-====

=3

o
*

ept

SHESZ100



