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This work is the final report of the ECN-contribution to subgroup 15 ("Self-
shielding in the unresolved region") of the Working Party on Evaluation Coordi-
nation of the the Nuclear Science Committee of the Nuclear Energy Agency,

Abstract
• • — • •

In this report the validation is described of the EFF-3.0 evaluation for 56Fe. In this
evaluation the unresolved resonance region is described in detail, using fluctuation factors
derived from high-resolution measurements in Geel.

In neutron transport problems the correct treatment of self-shielding is important for those
nuclei present in large concentrations. Monte Carlo calculations using continuous-energy
cross section data, such as calculations with the code MCNP, offer the advantage that
neutron transport is calculated in a very accurate way. Self-shielding in the resolved
resonance region is taken into account exactly in MCNP. Using data from the EFF-3.0
evaluation for S6Fe the self-shielding in the unresolved resonance region can also be taken
into account by MCNP.

The innovation in methodology is twofold: firstly the cross sections are represented by
high-resolution data and secondly self-shielding in elastic and inelastic channels is taken
into account.

Benchmark calculations were performed using the high-quality data from the Fe slab
experiment performed at the Technical University of Dresden. In order to show the effect
of several approximations, a calculational benchmark was performed as well.

It is concluded, that a very good description of experimental data is possible with the
EFF-3.0 evaluation for 56Fe. Therefore, this evaluation is recommended for accurate and
reliable calculations.

Keywords

European Fusion File
EFF-3.0
Fe cross section data
Monte Carlo neutron transport
MCNP
Validation
Benchmark calculation
Unresolved resonance region

ECN-R--95-019



CONTENTS

1. INTRODUCTION 5

2. VALIDATION PROCEDURE 7

3. THE UNRESOLVED RESONANCE REGION 8

4. TUD BENCHMARK EXPERIMENT 10
4.1 Experiment 10
4.2 Calculations 10
4.3 Results 10

4.3.1 Neutron flux spectra 10
4.3.2 Photon flux spectra 13

5. CALCULATIONS BENCHMARK 18
5.1 Benchmark geometry 18

5.2 Calculations 18

6. CONCLUSIONS 25

7. ACKNOWLEDGEMENT 26

REFERENCES 27

ECN-R--95-019



Validation of the EFF-3.0 evaluation for 56Fe

ECN-R--95-019



1. INTRODUCTION

The quality of neutron transport data for Fe has been a major reason for concern
in radiation shielding and reactor physics for a long time. Many resonances are
present in the Fe cross-section data, which require an accurate description for
a reliable calculation of neutron transport. This is especially relevant for the
development of fusion reactor blankets, in which large stainless steel structures
are present.

Therefore, in the framework of the European Fusion File (EFF) project, during
several years strong emphasis was put into the improvement of neutron transport
cross-section data for structural materials and especially the data for Fe.

Currently, the most recent datafile is the EFF-2.4 evaluation. Although the de-
scription of experimental results with EFF-2.4 data is improved compared to
the description with former evaluations, still significant discrepancies exist with
experimental data.

Part of these discrepancies may be due to the description of the cross section in the
unresolved resonance region (URR). In the evaluations the URR is described by
smooth cross sections or cross sections derived from low-resolution experimental
data, whereas in reality the cross section is strongly fluctuating in this region.
In EFF-evaluations average resonance parameters are given to allow for self-
shielding calculations in the URR. However, at present there is no regular option
in the Monte Carlo code MCNP to take self-shielding in the URR into account
Furthermore, average resonance parameters are only given for capture and elastic
scattering and not for the inelastic channels. Therefore, the self-shielding in the
URR will be underestimated.

In [1,2] it was demonstrated, that this effect may be substantial in geometries
relevant for fusion reactor blanket calculations. In these references an approximate
method was used to estimate the magnitude of the effect.

Recently, high-quality experimental data became available from neutron trans-
mission experiments through Fe foils performed at IRMM Geel [3,4]. In these
experiments high-resolution data are given in the URR up to En f« 7 MeV. Data
deduced from this experiment were implemented in the forthcoming EFF-3.0
evaluation for 56Fe [5]. In this new evaluation fluctuations in the cross section as
deduced from experiments [3,4] were implemented in the total and elastic cross
sections (MT1 and MT2) and in the inelastic cross sections (MT51 - MT91),
according to a suggestion by Frohner [6,7]. It was shown [6] that the resolution is
sufficient to guarantee realistic self-shielding calculations by Monte Carlo codes
up to about 4 MeV. At higher energies effects of self-shielding become negligible.

In this report a description is given of an experimental validation of this EFF-3.0
evaluation for S6Fe. Information about the benchmark experiment was obtained
from Seidel [8]. Calculations were performed with the Monte Carlo particle
transport code MCNP4A [9],

The results indicate, that a very good description of experimental neutron and y-
fiux spectra is possible with these new data.

The effect of self-shielding m the URR was studied in detail in a calculational
benchmark in section 5. It is shown, that self-shielding in inelastic cross-section
data has an important effect on the neutron flux in the URR.
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Validation of the EFF-3.0 evaluation for 56Fe

When data from the EFF-3.0 evaluation for 56Fe are used in MCNP4A, the effect
of self-shielding in the URR is explicitly taken into account. Therefore, it is
concluded, that this evaluation is at present the preferred evaluation for accurate
neutron transport calculations with Monte Carlo codes. With alternative methods,
like proposed in [1], self-shielding in inelastic scattering cannot be accounted for.
This also applies to deterministic codes coupled to libraries based upon average
resonance parameter calculations.

ECN-R--95-019



2. VALIDATION PROCEDURE

The validation of an evaluated nuclear data file is best carried out by performing
benchmark calculations in which calculated results can be directly compared to
accurately measured values. In neutron transport calculations always derived
libraries have to be used. Therefore, validation of nuclear data always involves
the combination of a derived nuclear data library and a neutron transport code.

Derived libraries can be coarsely subdivided into multi-group cross-section li-
braries and continuous-energy cross-section libraries.

Validation using group cross-section data is dissuaded, because there are some
approximations involved in the production of the multi-group cross-section library
and in the deterministic codes which use these data.

Continuous-energy Monte Carlo calculations of neutron transport offer the big
advantage that much detail of the original evaluation is retained in the cross-
section library. Few approximations are needed and self-shielding in the resolved
resonance range is explicitly taken into account. Besides, very few limitations
exist in the field of the geometric modelling of a problem. Therefore, for this
report Monte Carlo calculations were performed to validate the evaluation, using
continuous-energy cross-section data.

ECN-R-95-019



3. THE UNRESOLVED RESONANCE REGION

The most widely used Monte Carlo code for neutron transport is MCNP [9], which
can be used for shielding calculations as well as for criticality calculations. The
cross sections needed in MCNP are represented by pointwise data connected by a
linear interpolation. Although this is a correct representation for both low neutron
energies (resolved resonance range) and high neutron energies (continuous cross
section), problems occur in the unresolved resonance range, in which resonances
often can not be observed separately. As the cross section still possesses a resonant
behaviour in this unresolved resonance range, the effect of self-shielding should
be taken into account. However, as the data are given in a smooth, pointwise
representation on the MCNP library, no calculation of self-shielding is possible
in current MCNP versions.

This implies that the cross section in the unresolved resonance range as used by
MCNP is effectively too high. The overestimation of the cross section strongly
depends on the density of the nuclide in question. The effect may be large in
shielding applications (high material density of Fe) or in fast reactor applications
(high flux in unresolved resonance range).

In [2] the computer code UNR is described, with which problem-dependent^ cross-
section libraries can be produced. The treatment is approximate, as only one value
of the background cross section OQ is used for the complete unresolved resonance
range. Moreover, the treatment can only be applied to those partial cross sections
for which average resonance parameters are given in the evaluation.

This means in practice that inelastic channels are excluded from such a treatment.
In principle unresolved resonance parameters could be provided also for inelastic
channels, but the present formats, methods and codes do not permit this.

A second solution for the problem mentioned above would be to sample cross
sections in the unresolved 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 [10]. Also here, inelastic channels are in practice
excluded from such a treatment.

A more general approach consists of the implementation of very high resolution
cross-section data in the evaluation. This approach was followed in the EFF-3.0
evaluation for S6Fe [5]. It has been verified by Frohner [6] that the experimental
resolution of the new experimental data [3,4] is sufficiently high to justify such
an approach. The fact that a very large number of data points is needed in
evaluated files is no real drawback anymore with modern computers. With minor
adjustments in processing codes and MCNP these large data files can be used
without problems.

Since there exist only high-resolution data for the total cross section and not for
the partial cross sections a special procedure was followed which can be described
as a projection of the fluctuations from the total cross section to the partial reaction
channels [5]. This procedure is traditionally followed for the elastic channel only,
but in EFF-3.0 it is also used for the inelastic channels. In this procedure the
measured total cross section is conserved. Pros and cons of this method are
described in [5]. In summary, it is evident that the detailed resonance structure
of elastic and inelastic scattering is not the same as the structure of the measured
total cross section. In particular there is concern about the projection of non-

ECN-R--95-019



The unresolved resonance region

realistic cross-section minima to the inelastic scattering cross section. Still, the
introduction of self-shielding in the inelastic channels could be a step forward,
because it is presently the only simple way to account for self-shielding in the
inelastic channel. Moreover, in particular at higher energies there is quite some
similarity in the gross structure of the elastic and inelastic scattering, which favours
the adopted approach.
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4. TUD BENCHMARK EXPERIMENT

4.1 Experiment
In order to validate cross-section data, benchmark experiments should be per-
formed which are geometrically as simple as possible. For Fe several benchmarks
are available. A recent high-quality experiment is the one performed by Seidel
et al. [11], which is used in this report to validate the EFF-3.0 56Fe cross-section
data.

In the framework of the EFF-project this Fe slab benchmark experiment was
performed at the Technical University Dresden (TUD). A square natural Fe slab
with a front area of 100 x 100 cm2 and a thickness of 30 cm was irradiated with
d-T fusion neutrons with a mean energy of 14.2 MeV. The neutron source was
located 19 cm in front of the Fe slab. Neutrons and photons were detected by
detectors placed at a distance of 300 cm behind the slab. Detailed information
about the experiment can be found in [11].

4.2 Calculations
The experimental geometry as mentioned in section 4.1 was modelled for MCNP
by Seidel et al. [11]. Using this geometrical model, calculations were performed
with MCNP4A [9] and EFF-1.3, EFF-2.4, EFF-3.0 and FENDL-1.0 (- ENDF/B-
VI) continuous-energy cross-section data for 56Fe. Cross-section data for the
remaining Fe isotopes were taken from the EFF-2.4 evaluation. The MCNP-
libraries were generated with the cross-section processing code system NJOY,
version 91.118 [12]. The group structure used for the representation of the
calculated results was taken to be identical to the one used for the experimental
data. According to the suggestion of Seidel et al. [11] the energy distribution of
the source neutrons was assumed to be Gaussian with a width of 0.5 MeV.

4.3 Results

4.3.1 Neutron flux spectra
• EFF-1.3:

Results of calculations with EFF-1.3 cross-section data can be found in [11].
From this ref. it is clear, that the description of the experimental data is quite
unsatisfactory. For the work presented in this report the calculations were
repeated at ECN Petten. The resulting neutron flux spectrum is given in fig. 4.1.
The relative difference with the experimental data (see fig. 4.2) amounts to
approximately 50% in the fast energy range (En > 1 MeV).

• EFF-2.4:
Calculations with EFF-2.4 cross-section data show a better result. The relative
difference with the experimental data is given in fig. 4.3.

• FENDL-1.0:
For comparison the result obtained with FENDL-1.0 (•» ENDF/B-VI) data is
given in fig. 4.4. Similar results as with EFF-2.4 are obtained.

• EFF-3.0:
In all calculations mentioned above there is a significant difference between the
calculated neutron flux spectrum and the experimental neutron flux spectrum.
However, a very good result is obtained when EFF-3.0 data are used. The
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TUD benchmark experiment

Fe slab benchmark
EFF-1.3 cross sections; D=30 cm

10'

exp. data
MCNP4A call

10°

Figure 4.1 Neutron flux spectrum at the detector location as measured (full curve) and
calculated using EFF-1.3 cross-section data (dashed curve).
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Figure 4.2 Relative difference between measured neutron flux spectrum and calculated
neutron flux spectrum using EFF-1.3 cross-section data.
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200

Fe slab benchmark
MCNP4A; EFF-2.4 cross sections; D=30 cm

-200
10°

200

Figure 4.3 Relative difference between measured neutron flux spectrum and calculated
neutron flux spectrum using EFF-2.4 cross-section data.

Fe slab benchmark
MCNP4A; FENDL-1.0 cross sections; D=30 cm

Figure 4.4 Relative difference between measured neutron flux spectrum and calculated
neutron flux spectrum using FENDL-1.0 (= ENDF/B-VI) cross-section data.
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TUD benchmark experiment

Fe slab benchmark
EFF-3.0 cross sections; D=30 cm

exp. data
MCNP4Aca!c

10°

Figure 4.5 Neutron flux spectrum at the detector location as measured (full curve) and
calculated using EFF-3.0 cross-section data (dashed curve).

resulting neutron flux spectrum is given in fig. 4.5. The relative difference with
the experimental data is given in fig. 4.6. From these two figures it is very clear,
that especially the inclusion of the high-resolution Geel data [3,4] in the URR
(862 keV < En < 7 MeV) causes a significant improvement in the description
of the experimental data.

In all cases the description of the fusion peak and the nearby satellite peak of
unknown origin is unsatisfactory. Probably, this is due to the simplified description
of the energy distribution of the source neutrons and to the simplifications made
in the modelling of the experimental set-up.

Relevant response parameters in this context are the neutron flux in the URR
(862 keV < En < 7 MeV) and the total neutron flux. Tabulated values are given
in table 4.1. From this table it is clear, that a very good agreement is obtained
with EFF-3.0 data for 56Fe for as well the flux in the URR as the energy-integrated
neutron flux.

It should be stressed that in shielding problems non-conservative values for neu-
tron fluxes are obtained if EFF-1.3, EFF-2.4 or ENDF/B-VI cross-section data
are used for 56Fe. EFF-3.0 data allow a reliable calculation of the neutron flux
spectrum in shielding problems.

4.3.2 Photon flux spectra

The y-flux was also calculated, using the four cross-section sets mentioned above
(EFF-1.3, EFF-2.4, FENDL-1.0 and EFF-3.0). The y-ray transport cross sec-
tions were taken from the MCPLIB2 library, which accompanies the ENDF/B-VI
MCNP4A library [13]. Resolution broadening, important for the description

ECN-R--95-019 13
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200

Fe slab benchmark
MCNP4A; EFF-3.0 cross sections; D=30 cm

Figure 4.6 Relative difference between measured neutron flux spectrum and calculated
neutron flux spectrum using EFF-3.0 cross-section data.

Table 4.1 Integrated neutron flux spectra in the URR (862 keV < En < 7 MeV) andtotal
neutron flux at the detector location in the TUD Fe slab experiment as measured
(exp.), as calculated using EFF-1.3 cross-section data for 56Fe (EFF-1.3), as
calculated using EFF-2.4 cross-section data for 56Fe (EFF-2.4), as calculated
using FENDL-1.0 (= ENDFIB-VI) cross-section data for 56Fe (FENDL-1.0)
and as calculated using EFF-3.0 cross-section data for 56Fe (EFF-3.0). The
data are normalised per source neutron.

exp.
EFF-1.3
EFF-2.4

FENDL-1.0
EFF-3.0

flux in URR [cm^s"1]
5.47E-8
4.46E-8
4.75E-8

4.72E-8
5.91E-8

total flux [cm~2s~1]

3.03E-7
2.58E-7
2.62E-7

2.55E-7
3.09E-7
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¥DD benchmark experiment

200

100

Fe slab benchmark
MCNP4A; EFF-1.3 cross sections; D=30 cm

^ -100

-200

Figure 4.7 Relative difference between measured y flux spectrum and calculated y flux
spectrum using EFF-1.3 cross-section data.

of low-energy peaks, was not taken into account. Plate crff fluxes and relative
differences with the experimental data are given in figs. 477 to 4.11.

It is clear from these figures that also for the j/-flux the best Tesults are obtained
by using EFF-3.0 cross-section data.

Severe disagreement is observed in the low-energy part df the spectrum (EY <
300 keV). This is due to the cut-off of the y-detector at !£„ — 200 keV {14].

ECN-R-95-019 15
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200

Fe slab benchmark
MCNP4A; EFF-2.4 cross sections; D=30 cm

200

Figure 4.8 Relative difference between measured y flux spectrum and calculated y flux
spectrum using EFF-2.4 cross-section data.

Fe slab benchmark
MCNP4A; FENDL-1.0 cross sections; D-30 cm

Figure 4.9 Relative difference between measured y flux spectrum and calculated y flux
spectrum using FENDL-1.0 (~ ENDFB-VI) cross-section data.
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TUD benchmark experiment

Fe slab benchmark
EFF-3.0 cross sections; D=30 cm

exp. data
MCNP4Acak

107 10"

200

E,(eV)

Figure 4.10 y flux spectrum at the detector location as measured (fullcurve) and calcu-
lated using EFF-3.0 cross-section data (dashedcurve).

Fe slab benchmark
MCNP4A; EFF-3.0 cross sections; D=30 cm

Figure 4.11 Relative difference between measured y flux •spectrum and calculated y flux
spectrum using EFF-3.0 cross-section data.
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5. CALCULATIONAL BENCHMARK

5.1 Benchmark geometry
Besides the experimental TUD benchmark calculations also a calculational bench-
mark was performed.

The aim of these calculations was to investigate the influence of the fluctuations in
the cross section in the URR on calculated neutron flux spectra. The calculational
benchmark consists of a ID cylindrical Fe blanket geometry, as already reported
in [1], The isotropic, mono-energetic (£„ = 14.2 MeV) neutron source is located
between R = 499.5 cm and R = 500.5 cm. The blanket extends from R = 750
cm and R = 850 cm. Neutron flux spectra are compared at R = 800 cm. The
thick Fe blanket simplifies the calculations, as statistically significant effects occur
already after a limited computing time.

Furthermore, calculations were performed in order to investigate the validity of
the approximate method used to estimate the effect of self-shielding in [1]. There-
fore, calculations were performed using five different cross-section data sets.

1. EFF-3.0 data taking into account fluctuations in all partial cross sections. This
is the reference calculation.

2. Smooth EFF-3.0 data (no fluctuations in the URR).
3. Modified EFF-3.0 data taking into account only the fluctuations in the total

and elastic cross sections. While keeping the inelastic cross sections smooth,
the elastic cross section was modified. The total cross section was taken to be
identical to the one mentioned under 1.

4. Smooth EFF-3.0 data taking into account self-shielding by the approximate
method of [1]. As only average resonance parameters for aeUs and a(n>y) are
present in the evaluation, only these data are self-shielded with this method.

5. EFF-3.0 cross-section data with experimental fluctuations in the cross section
for the first inelastic level (MT51) and fluctuations deduced from the total
cross section for the elastic cross section (MT2) and the remaining inelastic
levels (MT52 - MT91). The experimental fluctuations for MT51 are based on
Oak Ridge measurements, and the resolution in the experimental data is worse
than the one in the Geel total cross section measurements. This is illustrated
in the graphs in [5].

If the method mentioned under 4 is correct, the result of this calculation should
be consistent with the result obtained under 3.

5.2 Calculations
Neutron transport calculations were performed with the Monte Carlo particle
transport code MCNP4A [9]. The fluctuations implemented in the EFF-3.0 evalu-
ation for 56Fe will mainly influence the neutron flux in the URR (862 keV < En <
7 MeV). Therefore, in table 5.1 the energy-integrated flux in the URR and the
total energy-integrated flux are given as relevant response parameters. Resulting
relative differences in the flux spectra are given in figs. 5.1 to 5.6. From table 5.1
and from figs. 5.1 to 5.6 it can be deduced that:

1. The effect of self-shielding in the URR is quite large (cf. fig. 5.2) and results
in a strongly (+ 90%) increased flux in the URR. The sharp dips in fig. 5.2
are due to the presence of neutron streaming channels in the cross section (see

18 ECN-R-95-019



Calculation^ benchmark

Table 5.1 Integrated neutron flux spectra in the URR |862keV < En <
TMeV) and total neutron flux at R = 800 cm calculated using

1. EFF-3.0 data taking into account fluctuations in all partial cross sections
(flue);

2. smooth EFF-3.0 data (no fluctuations in the URR) (smooth);

3. EFF-3.0 data taking into account only the fluctuations in the elastic cross
section (semi);

4. smooth EFF-3.0 data taking into account self-shielding by the approximate
method of [I] (self-sh.) and

5. EFF-3.0 cross-section data with experimental fluctuations in the cross sec-
tion for the first inelastic level (MT51) and fluctuations deduced from the
total cross section for the elastic cross section (MT2) and the remaining
inelastic levels (MT52 - MT91) (exp. flue.).

The data are normalised per source neutron.

1 flue.
2 smooth
3 semi
4 self-sh.
5 exp. flue.

flux in URR [cm^s"1]
3.10E-8
1.64E-8
2.37E-8
2.03E-8
2.49E-8

total flux [cm^s"1]
5.90E-6
5.85E-6
5.85E-6
5.84E-6
5.80E-6

fig. 5.5). The presence of these channels is due to the fact that resonances
are randomly distributed, which may occasionally lead to relatively broad
regions in which no resonances occur. This happens e.g. at En « 950 keV
and at En « 1200 keV (see fig. 5.5), which causes the large difference in that
energy-region in fig. 5.2.
Another reason for dips in the cross section arises from interference between
compound and direct s-wave components in the elastic channel only. It is,
however, difficult to identify these dips, because their characteristic shape is
not visible, probably due to superposition of other resonances. Therefore, the
assumption is made that interference dips do not play an important role in the
URR [5].

2. The effect of self-shielding of inelastic partial cross sections is non-negligible
(cf. figs. 5.2 and 5.4). This follows from the average trends seen in the figures.
Besides, there are relatively sharp dips at « 950 keV and « 1200 keV. As
mentioned above, these dips are due to neutron streaming channels in the cross
section. The total cross section used in fig. 5.2 is identical to the one used
in 5.4. Due to the relatively broad energy group structure of VITAMIN-J,
neutrons which scatter elasticaily at En « 950 keV have a large probability
of remaining in the same energy group after scattering. However, neutrons
which scatter inelasticallywHl always disappear from this energy group after
scattering. This is reflected in figs. 5.2 and 5.4: in fig. 5.2 more inelastic
scattering will occur than in fig. 5.4. This results, obviously, in a larger
difference with results from calculations in which smooth data are used.
The question arises whether fluctuation factors derived from the total cross
section may be imposed on the inelastic scattering cross sections in view
of the enhanced streaming effect. This is discussed in some detail in [5].
Justification is easy if one assumes, that by and large the dips are not caused
by interference of s-wave elastic scattering with potential scattering. Certainly

ECN-R-95-019 19
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1D Fe benchmark
EFF-3.0 cross sections; D=50 cm

flue,
smooth
semi

10
10°

Figure 5.1 Neutron flux spectrum as calculated with EFF-3.0 cross-section data with
fluctuations in all partial cross sections (full curve), as calculated with smooth
cross sections (dashed curve) and as calculated with EFF-3.0 cross-section
data with fluctuations in the elastic cross section only (long-dashed curve).

at higher energies this assumption seems to be true.
3. The approximate method of [2] yields consistent results with the results of

calculation 3 (cf. figs. 5.3 and 5.4). As in the method of [2] average resonance
parameters are used, the detailed shape of the cross section is not taken into
account. This results in a smooth curve in fig. 5.3. The sharp dips in fig. 5.4
are caused by the neutron streaming channels, as mentioned above.

4. The use of cross-section data with experimental fluctuations in the cross section
for the first inelastic level instead of the fluctuations deduced from the measured
total cross section will reduce the effect of self-shielding (cf. figs. 5.2 and 5.6).
This is probably due to the fact that the resolution in the measurements of the
fluctuations in the cross section for the first inelastic level is not sufficient to
resolve all details (see [5]).
Interestingly, the dips in fig. 5.6 are slightly deeper than in fig. 5.4, which seem
to confirm the assumptions discussed under item 2.
Therefore, it is quite important to perform high-resolution measurements in
order to obtain the fluctuations in the cross section for at least the first inelastic
level. Currently, experiments are going on at IRMM Geel to provide these data
[15], although the resolution will not be as high as for the total cross section.
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Calculation^ benchmark
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Figure 5.2 Relative difference between neutron flux spectrum as calculated with smooth
cross sections and as calculated with EFF-3M cross-section data with fluctu-
ations in all partial cross sections.
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Figure 5.3 Relative difference between neutron flux •spectrum as calculated with smooth
cross sections and as calculated with smo0ihEEFr3.O cross-section data with
the self-shielding approximation af,[2]~
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Validation of the EFF-3.0 evaluation for 56Fe
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Figxire 5.4 Relative difference between neutron flux spectrum as calculated with infinite
diluted cross sections and as calculated with EFF-3.0 cross-section data with
fluctuations in the elastic cross section.
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Figure 5.5 Elastic cross section and cross section of ike first inelastic level (MT51) of
56Fe from En = 0.8 MeV up to En = 1.2 MeV. The smooth EFF-3.0 elastic
cross section is represented by the full curve. The dotted curve represents
the EFF-3.0 elastic cross-section data withfiuctuations. The smooth EFF-3.0
cross section for MT51 is represented by the long-dashed curve. The dashed
curve represents the EFF-3!Q;cross sectionJorMTSJ.
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Validation of the EFF-3.0 evaluation for 56Fe

1D Fe benchmark
MCNP4A; EFF-3.0 cross sections; D=50 cm

10°

Figure 5.6 Relative difference between neutron flux spectrum as calculated with infinite
diluted cross sections and as calculated with EFF-3.0 cross-section data with
experimental fluctuations in the cross section for the first inelastic level (MT51)
and fluctuations deduced from the measured total cross section for the elastic
cross section (MT2) and the remaining inelastic levels (MT52 - MT91).
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6. CONCLUSIONS

• Using data from the new EFF-3.0 evaluation for 56Fea very good description
of neutron and photon flux spectra is obtained, as measured in the TUD Fe slab
experiment [11].

• The effect of self-shielding in the unresolved resonance Tegion of 56Fe can be
very large in a number of applications. It is taken into account explicitly in the
new EFF-3.0 evaluation.

• The effect of self-shielding of the inelastic partial cross sections is sizable and
may not be neglected. The approximate method of [2], in which this effect is
neglected, yields a too low value for calculated neutron flux spectra.

• It is not completely clear, whether fluctuation factors deduced from transmission
measurements may be used for inelastic partial cross sections. Ongoing high-
resolution experiments [15] will shed light on this subject.
Alternatively, one might generate resolved resonances with Monte Carlo meth-
ods and construct cross sections for all partial channels to study the problem
[6].

Currently, the EFF-3.0 evaluation for 56Fe seems to be the preferred evaluation
for accurate neutron transport calculations with Monte Carlo codes.

Further work is necessary to use the resonance information given in EFF-3.0 for
deterministic calculations. One could use the average resonance parameters given
in the file for self-shielding of aa and <T<n>y),but new schemes for the calculation
of self-shielding in 0(n.n!) need to be developed.
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