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This work was performed in the framework of the Fusion Technology Programme

of the European Community (subtask NDB-1.2, European Fusion File project).

The related ECN project number is 1661.

Abstract

The objective of this subtask was the elaboration and implementation of tools for converting
basic nuclear reaction data from EFF nuclear data evaluations into formats readable by the
cross section processing code NJOY, in particular translation of double-differential cross
section (DDX) data into the Kalbach formalism and conversion of cross section data from
centre-of-mass to laboratory system.

These actions are necessary in order to be able to use the data from the most recent EFF-
evaluation in Monte Carlo neutron and у transport calculations (using the code MCNP-4)
and in kerma calculations, respectively.

In the course of this subtask a new version of NJOY became available, i.e. NJOY91.38.
This version of the code was used in this subtask. In NJOY91.38 some new features are
available, which include:

• conversion of DDX data to Kalbach parameters r and a,

e conversion of cross section data from centre-of-mass to laboratory system.

In this report the results of a careful check of the solutions as given in NJOY91.38 are
presented.

It appears that the conversion of DDX data to Kalbach parameters r and a as presented
in NJOY91.38 is, in general, not entirely adequate. Ал improved subroutine was written,
which yields a better description of the Kalbach-fit of the DDX data.

Furthermore, the conversion of cross section data from centre-of-mass to laboratory system
(which was needed for the processing of kerma data) appears to be not necessary anymore,
as the HEATR-module of NJOY91.38 seems to operate correctly, also for centre-of-mass
data.

Problems still remain if DDX data for light isotopes are to be used in MCNP-calculations.
This is illustrated using 9Be from the EFF-2.2 evaluation as a sample case. Recommen-
dations are given in order to solve the remaining problems.

In order to ensure a reliable calculation of response parameters in Monte Carlo calculations

acorrect treatment of self-shielding in the unresolved resonance range is often required.

However, up to now this can not be taken into account in MCNP. In this report a computer

code is presented, with which it is possible to create a problem-specific cross section

library for use in MCNP-4, in which self-shielding in the unresolved resonance range is

taken into account in an approximate form. It is shown, that the effects of neglecting self-

shielding in the unresolved resonance range may be substantial in shielding calculations.

This is especially relevant for the S 6Fe evaluation in EFF-2.2, in which a very extended

unresolved resonance range is present.
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1. INTRODUCTION

In the framework of subtask NDB-1.2 of the European Fusion Technology Pro-
gramme work has been performed in order to ensure:
• the generation of correct kerma factors

and
• the generation of correct Monte Carlo libraries, especially a Monte Carlo library

based on EFF-2 9Be data.

Therefore, conversion of data from a representation in the centre-of-mass system
to a representation in the laboratory system was envisaged for EC-evaluations for
Al, Si, Cr, Fe and Ni. This was necessary in order to produce correct kerma
factors: in versions of NJOY prior to NJOY91.0 problems occurred when data
in a representation in the laboratory system were used in order to produce kerma
data.

Furthermore, a conversion of EFF-2 9Be energy-angular distribution data from
laboratory (lab) system to centre-of-mass (CM) system was foreseen in order to
make it possible to produce an MCNP-library. The latter action was necessary as
MCNP-4 can only sample MF6 data from a Kalbach systematics representation.
This systematics for the representation of energy-angular distribution data is only
applicable to data given in the CM frame.

It appeared, however, that in the most recent release of the data processing code
NJOY, i.e. version NJOY91.38, most of the above mentioned problems would
have been solved. Therefore, bearing in mind the underlying goals of subtask
NDB-1.2, the attention was shifted to:
• a careful check of the solutions to the problems as presented in NJOY91.38

and
• further improvement of the processing of data from the most recent EC-

evaluations into Monte Carlo libraries.

Special care was given to the EFF-2 evaluations for 9Be and 56Fe. Data from these
evaluations are of vital importance in the design of a next-step fusion device:
9Be as an important neutron multiplier in breeding blankets and 56Fe as the main
structural material.

In section 2 the results are presented of the processing of data from the EFF-2
9Be evaluation using NJOY91.38. It is shown, that the solutions as given in
NJOY91.38 are not entirely adequate in this case. Modifications to NJOY91.38
in order to improve the processing are given.

In section 3 the problem of self-shielding in the unresolved-resonance range in
Monte Carlo calculations is treated in an approximate way, using data from the
EFF-2 56Fe evaluation as a sample case. A computer code is presented, with
which a problem-specific MCNP-library can be made.

In section 5 conclusions resulting from this subtask NDB-1.2 are given.

Finally, in section 6 recommendations are given with respect to the improvement
of processing of data with NJOY91.38 and with respect to the improvement of
data from the EFF-2 evaluation in such a way, that correct MCNP-libraries can be
produced.
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2. PROCESSING OF 9Be EFF-2 DATA AND OF
OTHER LIGHT ELEMENTS

9Be data play an important part in the design of a next-step fusion device because
of the importance of 9Be as a neutron multiplier.

Because of a strong correlation between energy and angular distribution of sec-
ondary particles, the representation of MF6 data for light isotopes, such as 9Be,
requires special care.

For 9Be especially secondary particles from the (n, 2n) reaction (MT16) are im-
portant. In the original EFF-2 evaluation the 9Be (n, 2n) data were represented in
a special format, i.e. discrete levels superimposed upon a continuum background.
It appeared that this representation, although allowed by the ENDF-manual [1],
could not be treated by NJOY. Therefore, the discrete levels were separated from
the continuum background and stored in a separate MT number (MT51) [2]. Thus,
EFF-2 9Be data could be processed into groupwise data.

A drawback of this representation could be that the total (n, 2n) cross section
is the sum of two components: MT51 and MT16. This may lead to confusion.
Therefore a slightly better representation might be to rename MT51 to MT6,
which formerly (in the ENDF-5 format) was used as the "(n, 2n) cross section to
the first excited state for 9Be". It is, however, officially not allowed in the ENDF-6
format. If processing by NJOY does not present problems, the change from MT51
to MT6 is considered for the final release of EFF-2.

Problems occurred when a library for the Monte Carlo code MCNP [3] was to
be prepared from the EFF-2 9Be data. MCNP-4 is only able to sample data
from energy-angular distributions when they are given in the Kalbach systematics
representation [4]. This implies, that the MF6 data have to be converted from a
tabulated representation in the lab system (LAW = 1, LCT = 1, LANG = 12) to
this Kalbach systematics representation [5], which is only applicable to data given
in the CM system.

In the newest release of NJOY, i.e. NJOY91.38, the required conversion has been
included in update 32. Because of the importance of a faithful representation
of energy-angular distribution data the build-in conversion in NJOY91.38 was
carefully checked.

2.1 Conversion of data in a Legendre representation
In the ENDF-6 format [1] energy-angle distribution data can be represented using
in MF6 the distribution function ƒ (fx, E, E'), in which

д = cosine of the scattering angle, (2.1)

E = energy of the incoming neutron,

E' = energy of the scattered neutron.

In the Kalbach formalism this distribution function ƒ (ц, E, E') is parametrized
in terms of two parameters r and a, in which

r = fraction of the cross section which is multistep — direct (2.2)

a = slope parameter.

ECN-C--94-039
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Figure 2.1 Angular distribution f(p,, E, E')for"at?b(n, 2n)fromEFF-2 as given by the

Legendre coefficients as present on the file (full curve) compared to the fit with

Kalbach-parameters r and a (dashed curve). E = 18 MeV, E' = 9 MeV.

In NJOY91.38 a conversion of MF6 data given in a Legendre representation
(LANG = 1) to Kalbach parameters r and a is performed using parameters f см,
defined a s ^ = \{ /(A*CM = - 1 , E, E') + f(ixCM = 1, E, E')} (fa is a
measure of the average of the angular distribution), and Д/сль defined as Д/см =
/(Нем = l,E,E') — fi/xan =* — 1, E, E') (A fa is a measure of the forward-
backward asymmetry of the angular distribution). The parameters r and a are fit
in NJOY91.38 using the Kalbach systematics equation

(cosh(a/x) + r(E, E') si . (2.3)

The factor \ in this equation is erroneously omitted in the ENDF-6 manual [1].

An examples of the quality of the fit which can be obtained is given in fig. 2.1.
In this figure the angular distribution ƒ (д, E, E') for the "a'Pb(n, 2n) reaction is
given for the EFF-2 Pb evaluation at E = 18 MeV and E' = 9 MeV. The results
are shown for two situations:
1. calculation of /(/u,, E, E') using the Legendre coefficients as present on the

file (full curve);
2. calculation of f (/A, E, E') using the fitted values of r and a (dashed curve).

In general a good description of ƒ (fi, E, E') can be found when a representation
in Legendre coefficients is used in MF6, provided that the contribution of hjgher-
order Legendre terms is limited. This is only the case for heavy targets and/or
high energies.
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Figure 2.2 Angular distribution ƒ (д, E, E') for 9Ве(л, 2п) from EFF-2 as given by the

tabulateddata (converted to CM) as present on the file (full curve) compared to

the fit with Kalbach-parameters r and a as determined by NJOY9L38 (short-

dashed curve), and as determined by the improved subroutine (long-dashed

curve). E = 10.0 MeV, E' = 0.0011 MeV.

2.2 Conversion of data in a tabulated representation

In NJOY91.38 the conversion of MF6 data given in a tabulated representation
(LANG = 11, 12 or 13) to Kalbach parameters r and a is performed in a way
completely analogous to the method mentioned above. However, problems may
occur in this case as the detailed shape of the angular distribution is not taken
into account (only the values of the distribution at //, = —1 and \x = 1 are
used). If the tabulated angular distribution can be well represented by a Legendre
polynomial representation, a good fit is still obtained. However, backward peaked
CM distributions, which are possible at small values of E', are replaced by isotropic
distributions.

For 9Be, however, the angular distribution data can often not well be represented
using Legendre polynomials. This implies, that the fit of r and a as performed
by NJOY may yield incorrect results. An example is given in fig. 2.2, in which
the angular distribution f(jM, E, E') of the 9Be(n, 2n) reaction on the EFF-2
evaluation at E = 10.0 MeV and E' = 0.0011 MeV is given. The tabulated
data, converted to CM, are represented by the full curve. The sort-dashed curve
represents the fitted angular distribution using the values of r and a as calculated
in NJOY.

A solution for this problem is
• to use not only the data at /x = — 1 and fi = 1, but also the data at other values

ECN-C-94-039
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Figure 2.3 Angular distribution f(n, E, E') for 9Ве(л, 2л) from EFF-2 as given by the

tabulateddata (converted to CM) as present on the file (fullcurve) compared to

the fit with Kalbach-parameters r and a as determined by NJOY91.38 (short-

dashed curve), and as determined by the improved subroutine (long-dashed

curve). E = 3.0 MeV, E' = 0.0163 MeV.

of/x and
• to allow negative values of the parameter r as well. This enables us to describe

backward-peaked angular distributions.

The latter action can be motivated, as the parametrization of Kalbach is actually
a fit of data for medium and heavy mass nuclei at relatively high energies (En >
20 MeV), whereas there is no firm theoretical basis for the formalism developed
by Kalbach [5,6]. Therefore, the limits of the parameter r (0 < r < 1) as given in
[5] need not be adhered to.

Thus, a new subroutine was written, in which the distribution ƒ (д, E, E') is used
for the complete range of д-values. This approach yields different values of r
and a, resulting in the description given by the long-dashed curve in fig. 2.2. It is
clear, that this approach yields a much better description of the data.

However, at many values of E and E' the angular distribution can not be repre-
sented by a smooth function at all. An example is given in fig. 2.3, in which the
angular distribution fi.fi, E, E') at E = 3.0 MeV and E' = 0.0163 MeV is given.
From this figure it is clear, that neither the values of r and a as calculated by NJOY
nor the values as calculated by the new subroutine mentioned above yield a good
description of the angular distribution / ( д , E, E'), although the description by
the new subroutine is an improvement compared to the original description by
NJOY91.38.
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Improvements in the processing of EFF-2 data for MCNP using NJOY91.38

Data from some light elements suffer from the problems mentioned above.
Whereas it is clear, that MF6 data for these elements cannot always be well
represented by the Kalbach systematics, the better solution seems to be to modify
MCNP in such a way, that MF6 data from tabular representations can be sampled
as well. Actually, such an updated version of MCNP is mentioned in [7] as a
solution for the processing of ENDF/B-SI 9Be data. However, this version of
MCNP only accepts tabulated distributions in which secondary energy and angle
are reversed (i.e. LAW = 7 rather than LAW =1). If this MCNP-version can be
obtained from Los Alamos we therefore suggest, that MF6 data in EFF-2 evalu-
ations for light elements Ъ<* <*ОПУ.-Л ted to the LAW = 7 representation (laboratory
angle-ersrgy), which is i}n> .с>й :or ENDF/B-2I9Be data.

The conversion has been perfoïïned already for EFF-2 9Be.

A similar conversion is needed for EFF-2 7Li, Al and Si. At present for other light
nuclides in EFF-2 these advanced features are not used yet, which means that they
can be processed with the current NJOY version, without conversion.

2.3 Computational details
It is noted, that in our new subroutine at each (-/л, ц) pair the values of the
parameters a is determined according to

ƒQi, E, E') + f {~ix, E, E') = / 0 _ £ _ cosh(aAi), (2.4)
sinh(a)

which can be derived from eq. 2.3. The parameter r is then determined according

г М-^«й (2.5)
a smh(a/z)

which may be derived from eq. 2.3 as well. The final value of the parameter a
and r are determined from a weighted average of these а (/л) and r(fï) values.

Values of a(/x), which differ from the average value by more than 50% (this value
was determined empirically) are rejected and not used for the determination of
r {pi). This is justified, because these a(/x) values only describe local features of
the angular distribution.

Furthermore, it is noted that the Kalbach systematics is a parametrized description
of continuous energy-angular distribution data at relatively high incoming energies
E. Besides, there is no firm theoretical basis for the use of the Kalbach systematics
at these low values of E. This implies, that the parameters r and a, which enter
the Kalbach equation 2.3, are at low incoming energies E not restricted to specific
ranges of values.

It is therefore justified to allow negative values of the parameter r as well. These
negative values of r are essential in order to describe the backward-peaked angular
distributions, which often occur in the case of light nuclides and low emission
energies (see e.g. figs. 2.2 and 2.3). However, it appears that some restriction must
be imposed upon the value of r, as too large negative values of r may well lead to
negative cross sections at certain angles [8]. Therefore, in the routine there is an
iterative procedure to avoid negative values of the cross section.

It may be concluded, that the subroutine presented in this section provides an
improved description of tabulated continuous energy-angular distribution data

10 ECN-C--94-039



Processing of 9Be EFF-2 data and of other light elements

as compared to the description given by NJOY91.38. In many cases this new
description may be acceptable. If not, a modified version of MCNP is needed.
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3. PROCESSING OF STRUCTURAL
MATERIALS

Apart from the problems with the processing of nuclear data from the EFF-2 eval-
uation for specific light elements, as mentioned in the preceding section, problems
exist as well with the processing of nuclear data from the EFF-2 evaluation for
some structural materials. The problems are most prominent in the processing of
kerma data and in the processing of MCNP-libraries. In this report the attention
will be focussed on the latter problem.

For the main nuclides of structural materials, i.e. 52Cr, S6Fe, 58Ni and 60Ni the
EFF-2 evaluation contains the lumped quantity MT10, describing all continuous
particle and recoil emissions [9]. The evaluation also contains the individual
reaction cross sections in MF3. However, continuum energy-angle distributions
of all emitted particles are only given for the quantity MT10 in MF6. Here also
the yields of emitted particles and recoils are stored. As MT10 is a lumped sum
of MT16, MT22, MT28, MT91, MT106, MT111, MT649 and MT849 etc., the
yields in MF6 are energy-dependent. However, as yet it is not possible to use
energy-dependent yield data in MCNP: the yield should be constant and integer.
Therefore, these data cannot yet be used for the production of MCNP-libries.

However, in May 1993 a preliminary version the newest version of NJOY,
NJOY91.76, was available from Los Alamos. Besides, some details of the newest
version of MCNP (MCNP4A) were published in April 1993 [10]. This new ver-
sion of MCNP should be available by the end of 1993. It appears, that the use
of energy-dependent yields will be possible in MCNP4A. Processing of energy-
dependent yield data will be included in NJOY91.76. These data will be treated
in complete analogy to the neutron multiplicity in fission reactions.

Therefore, use of nuclear data for structural materials from the EFF-2 evaluation
in MCNP calculations will be possible when the final version of NJOY91.76 and
MCNP4A are available. Additional problems related to the use of nuclear data
for structural materials in MCNP calculations are treated in the next section.

3.1 Self-shielding in the unresolved resonance range
Continuous-energy Monte Carlo calculations of neutron transport offer the big ad-
vantage that self-shielding is explicitly taken into account. However, an exception
occurs in the unresolved resonance range.

In many evaluations the unresolved resonance range is represented in MF2 by
average resonance parameters and the distribution function for each of the pa-
rameters. In NJOY-module RECONR these parameters are used to compute the
expectation value of the total cross section in an infinite dilute mixture. Only this
infinite dilute cross section is transferred to MCNP, whereas an explicit treatment
of self-shielding, as in the resolved resonance range, is not possible. This implies,
that the effects of self-shielding in the unresolved resonance range, which are
important in many applications, are neglected in MCNP.

Self-shielding will lead to a decrease of the scattering cross section in the unre-
solved resonance range, leading to an increased flux in the low-energy region.

The preferred solution for this problem is to sample cross sections in the unresolved

12 ECN-C-94-039



Processing of structural materials

resonance range in MCNP from a probability table of resonances. This method,
which makes use of NJOY module PURR, is under development at Los Alamos
[7]. However, itrequires modification ofboth NJOY module ACER and of MCNP,
which may take some time. We therefore decided to use a less general approach,
which would be quickly available. A description of our solution is given below.

When using the NJOY processing system in order to generate an MCNP-library,
in general the modules RECONR, BROADR, UNRESR, HEATR and ACER
are used. In module UNRESR it is possible to generate cross sections in the
unresolved resonance range for several values of <70 and temperature. Using
group cross section data it is possible to determine the value of aQ in the unresolved
resonance range of a specific isotope in a specific mixture (e.g. by using the code
TRANSX [11]). Using this value of a0 as input for UNRESR it is possible to
generate problem-specific cross section data in the unresolved resonance range for
the required temperature. However, as these data are output on the MF2 section
of the library, MCNP will not use these data. Therefore, a program was written,
which reads the output of module UNRESR and which
• calculates (on the energy grid of MF2) the difference between the infinite dilute

cross sections and the self-shielded cross sections;
• converts this difference to the energy grid of MF3;
• subtracts this difference from the MF3 cross section data.

The code system is visualized in fig. 3.1. The method is applied to MT1, MT2
and MT102 cross section data. Thus, a problem-specific MCNP-library results.
The effects of taking into account self-shielding in the unresolved resonance range
in MCNP-calculations will be most prominent for isotopes which are present in
large concentrations. In shielding calculations a relatively large effect will be
observed when the method is applied to cross sections for the structural materials,
especially for 56Fe. The results of such &ït analysis are given below.

3.2 Sample case

As a sample case a simple 1 -dimensional plane model of a NET shielding blanket
was studied, which was already studied before [12]. A schematic picture of this
geometry is given in fig. 3.2. The composition of stainless steel 316L, which is
used in this problem, is given in table 3.1. The value of cr0 for 56Fe in SS316L in
the unresolved resonance range was calculated using the code TRAMIX [13] and
amounts to 1.85 b. It is noted, that in the EFF-2 evaluation for 56Fe the unresolved
resonance range extends from 862 keV to 3.0 MeV. Because of this high upper
limit a modification of UNRESR was needed in order to process these data (the
default upper limit in UNRESR is 1.0 MeV). The small value of cr0 implies that
there is a large effect of self-shielding on the cross section in the unresolved
resonance range. This is illustrated in figs. 3.3 and 3.4, in which the total cross
section for 56Fe for cr0 = со in the unresolved resonance range is given by the full
curve. The difference with the cross section for cr0 = 1.85 b is indicated by the
dashed curve.

The fact that this difference does not diminish at higher energies is somewhat
disturbing and indicates that the definition of the average resonance parameters
is perhaps insufficiently accurate. It seems that the unresolved resonance range
is too small. Further study by the evaluators might be required. It is noted that
an update for Fe (EFF-3) is in progress. Nevertheless, some conclusions could be
drawn from the present results.

ECN-C--94-039 13
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Figure 3.1 Schematic representation of the code system used for the production of self-

shielded MCNP-libraries.
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Figure 3.2 Blanket model used in the calculations. The SS316L sections are marked

black, the borated-water sections are marked with horizontal lines.
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Processing of structural materials

Table 3.1 Composition of stainless steel 316L as used in this study.

Stainless Steel SS316L

element

Fe
Cr
Ni
Mn
Mo
Si
Cu
N
Co
С
MB
i o B

Nj(*102 4 atoms cm"3)

5.47700 • 10"2

1.60759-10"2

9.96626 • 10-3

1.56498-10-3

1.24466-10"3

9.41548-10-4

7.51728 • lO"4

2.38710 • 10-4

2.02622 • 10-"

1.19301 • 10"4

8.96888 • 10-6

2.07654-10-6

EFF2.2 56Fc Comparison signu.O = inf with slgma.O = 1.85 b

0.95 1
E_n(MeV)

Figure 3.3 Total cross section for S 6Fe in the low-energy part of the unresolved resonance

range. The infinite dilute cross section is given by the full curve. The dashed

curve indicates the difference between the infinite dilute cross section and the

self-shielded cross section as used in this section (Q-Q = 1.85 Ъ).
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100
EFF12 56Fe Comparison signu.O s inf with sigma.O = 1.85 b

e
Ö

2.9

Figure 3.4 Total cross sectionfor56F& in the high-energy part of the unresolved resonance
range. The infinite dilute cross section is given by the full curve. The dashed
curve indicates the difference between the infinite dilute cross section and the
self-shielded cross section as used in this section (OQ = 1.85 b).

R = 354 cm
1016

£>, 10 1 4r
3

•©- 10»

1012

• 1 1 1 1 1 1 1

1 1 1 1 1 1 1

-:

• EFF-2 (a , -» )

> EFF-2 (ou-1.85 b)

• EFF-1 (a«»°o)

10° 101 102 103 104 105

En (eV)
106 107 108

Figure 3.5 Neutron flux calculated by MCNP-4 in the sample geometry at R = 354 cm.
The results are given for EFF-2 56Fe data, self-shielded EFF-2 56Fe data, and
EFF-1.3 Fe data.

Neutron fluxes were calculated on several locations in the shielding blanket. Cross
sections for all nuclides except for the Fe-isotopes were taken from the EFF-1.3
library [14]. MCNP cross sections for 56Fe and for the other Fe isotopes, i.e. S4Fe,
37Fe and 58Fe, were processed from the EFF-2 evaluation.

In figs. 3.5 to 3.8 a comparison is given of neutron fluxes calculated with MCNP-4
using infinite dilute 56Fe cross sections and 56Fe cross sections which are self-
shielded in the unresolved resonance range (a0 = 1.85 b).

For comparison, also the results are shown of a calculation in which EFF-1.3
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R = 316cm
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Figure 3.6 Neutron flux calculated by MCNP-4 in the sample geometry at R = 316 cm.
The results are given for EFF-2 56Fe data, self-shielded EFF-2 56Fe data, and
EFF-1.3 Fe data.
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i T ö ö

10° 10' 102 103 104 10s 106 107 108
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Figure 3.7 Neutron flux calculated by MCNP-4 in the sample geometry at R = 267 cm.

The results are given for EFF-2 56Fe data, self-shielded EFF-2 56Fe data, and
EFF-1.3Fedata.
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R=188cm
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Figure 3.8 Neutron flux calculated by MCNP-4 in the sample geometry at R = 188 cm.

The results are given for EFF-2 56Fe data, self-shielded EFF-2 56Fe data, and
EFF-1.3 Fe data.

Table 3.2 Integrated fluxes for En < 3.0 MeV andfor Е„ > 3.0 MeV on several locations
in the sample shielding blanket as calculated by MCNP-4. Results are given
for three situations: one in which S 6Fe cross section data were taken from the
EFF-2 evaluation (first column), one in which self-shielded 5 6Fe cross section
data from the EFF-2 evaluation were taken (^(unresolved resonance range)
= 1.85 b) (second column), and one in which Fe cross section data were taken
from the EFF-1.3 evaluation (third column). For additional details see text.

R (cm)

188
267
316
354

R (cm)

188
267
316
354

EFF-2 (cr0 = oo)
3.686 • 107 ± 7.4%
1.807-10" ± 9.6%
5.292-10 I 3± 3.7%
1.971 - 10!4dh 3.8%

EFF-2 (ст0 = oo)
2.888-105 ±47.4%
2.716-109 ±11.3%
3.503-101 2± 9.8%
2.609-10 1 4± 2.6%

En < 3.0 MeV

EFF-2 (<70 =
4.404-107

2.039 • Ю11

5.195-1013

1.943-1014

En > 3.C

EFF-2 (CT0 =
3.074 • 105

2.967 • 109

3.484-1012

2 . 6 1 Ы 0 1 4

= 1,

±
±
±
±

,85 b)

7.5%
9.6%
3.8%
3.9%

>MeV

= 1.85 b)

±41.3%
±:
±
±

11.0%
9.5%
2.7%

EFF-1 (сто = со)

3.249-107 ± 9.2%
1.777-10" ±11.2%
5.772 • 1013 ± 4.3%
2.116-101 4± 4.5%

EFF-1 (сто = oo)
2.632-105 ± 5 0 . 3 %
2.466-109 ± 1 3 . 5 %
3.320-101 2± 11.5%
2.625 • IO14 ± 3.2%

cross sections for Fe were used. It is noted, however, that a direct comparison
of the calculation in which the EFF-2 (ст0 = oo) data and the one in which the
EFF-1.3 data were used, is not possible. This is due to the presence of energy-
dependent yields in the MTIO section of MF6. It is not possible to use these
energy-dependent yield data in MCNP: in this code the yield should be constant
and integer. Therefore, in order to be able to demonstrate the method with the
EFF-2 data in MCNP the neutron yield for MT10 was converted to 1 for the
whole energy range. This implies, that a too high yield is used for energies
En < 1.30 MeV, whereas the yield is too low for energies En > 1.30 MeV.
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Integrated flux data for En < 3.0 MeV and for E„ > 3.0 MeV are compared
in table 3.2. From figs. 3.5 to 3.8 and from this table it is observed, that taking
self-shielding in the unresolved resonance range into account for 56Fe leads to an
increased neutron flux at larger depths in the shielding blanket. The magnitude
of the effect at the end of the shielding blanket (R = 188 cm) is 19%, which
is quite substantial. It is therefore concluded, that in shielding calculations it is
required to take self-shielding in the unresolved resonance range into account for
main structural materials, such as 56Fe.

Further study is necessary to verify the average parameters used in EFF-2. Such
work has been scheduled for 1994 by means of a comparison of calculations with
averaged resolved resonance parameters and experimental high-resolution data.
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4. GENERAL REMARKS ON THE PROCESSING
OF EFF-2 DATA FOR USE IN MCNP

During the work performed for this subtask several errors were detected in the
processing of data using NJOY module ACER. The errors are listed below.
• The value of the pointer to the DLW-block on the MCNP-library as calculated

by ACER in subroutine ACELOD is not correct for LAW = 4 and LAW = 44
data. This implies that MF6 data could not be used by MCNP. An update of
ACER was needed.

• The value of parameter IFENG on the header of the MCNP-library is not set
by ACER. An update of ACER was needed.

• Processing of more than 10 MT numbers in MF12 in the range MT = 600 - 849
is not possible in ACER. An update of ACER was needed.

• MCNP requires a constant, integer value of the neutron yield in MF6. This
implies, that the EFF-2 56Fe evaluation can not be used for the production of
MCNP data (the yield for MT10 is energy-dependent and non-integer).

These problems have been communicated to the NJOY users' group and to the
authors of NJOY and MCNP.
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5. CONCLUSIONS

In the framework of subtask NDB-1.2 improvements in the processing of evaluated
nuclear data into MCNP-libraries were envisaged. Use was made of the most
recent version of NJOY, version NJOY91.38.

In NJOY-module ACER several errors are present. One error prevents the correct
processing of MF6 data. Several updates for ACER were presented.

The conversion in ACER of tabulated MF6 data to Kalbach-parameters r and a
appears to be insufficient. An improvement of this conversion, using an additional
subroutine in ACER, was presented.

It appears to be impossible to represent MF6 data for light elements (7Li and 9Be)
using the Kalbach systematics representation. It was therefore suggested to change
the format of the MF6 data for these elements to the LAW = 7 representation, for
which processing tools are available at Los Alamos.

The effect of self-shielding in the unresolved resonance range was neglected until
now in MCNP-calculations. A computer program was presented, with which it is
possible to generate problem-specific MCNP-libraries, in which self-shielding in
the unresolved resonance range is taken into account in an approximate way. It
was shown, that the effect on neutron fluxes in shielding blanket calculations is
substantial: the neutron flux at the end of the shielding blanket increases in a ID
model by as much as 19% in the energy region En < 3.0 MeV when self-shielding
in the unresolved resonance range is taken into account for 56Fe.

It appears to be impossible to use data from the current EFF-2 evaluation for 56Fe
for the production of MCNP-libraries, because of an energy-dependent yield in
MF6, MT10. There are two solutions possible for this problem:
1. modify the evaluation in such a way, that for MT16, MT22, MT28 and MT91

separate MF6-sections are available,
2. modify the format of the MCNP-4 libraries in such a way, that an energy-

dependent yield section can be stored in the library.

Whereas the former solution is sufficient for the time being, the latter solution is
more general, in accordance with the existing format for neutron yields for fission
reactions, and allows extension of the data sets to higher values of the neutron
energy. In this high-energy region usually only composite cross section data will
be available.

Recently some details were given on the latest release of MCNP, MCNP4A, which
will be available by the end of 1993. It appears that the latter option is included in
MCNP4A. Thus, the production of cross section libraries for structural materials
from EFF-2 for use in MCNP4A will then be possible.
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6. RECOMMENDATIONS

The following recommendations result from this subtask:
• in future (re-) evaluations the energy-angle distributions for emitted neutrons,

charged particles, photons and recoiling nuclides should explicitly be included
in the MF6-part of the libraries.

• request a modified version of NJOY-module ACER and a modified version of
MCNP from Los Alamos in order to make processing of MF6 data in the LAW
= 7 representation possible.

• change the format of MF6 data in the EFF-2 evaluations for light elements (7Li,
9Be,Al,Si)toLAW = 7.

• suggest the authors of MCNP in Los Alamos to change the format of the
MCNP-4 libraries in such a way, that a section describing energy-dependent
neutron yield data can be stored on the library for a general reaction in which a
secondary neutron is produced.

It is noted, that most problems have been solved in the latest release of NJOY,
NJOY91.76. Some first experiences with NJOY91.76 can be found in [15].
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APPENDIX A. NJOY91.76

In May 1993 a preliminary version the newest version of NJOY, NJOY91.76,
was available from Los Alamos. Besides, some details of the newest version of
MCNP were published in April 1993 [10]. This new version of MCNP should be
available by the end of 1993.

It appears, that our recommendations as given in section 6 were applied to NJOY
as well as to MCNP. Some preliminary experiences with NJOY91.76 can be found
in [15]. As processing of LAW=7 data will thus be possible in the newest version
of MCNP, the EFF-2.3 evaluation of 9Be was made available in this format as well
as in the LAW=1 format.
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