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Abstract. The Working Party on International Nuclear Data Evaluation Co-operation Subgroup 47 (WPEC
SG47) entitled "Use of Shielding Integral Benchmark Archive and Database for Nuclear Data Validation" was
organised from 2019 and 2022 with the objectives to promote more systematic and wider use of shielding bench-
mark experiments in nuclear data (ND) and transport code validation and development, to provide feedback on
the Shielding Integral Benchmark Archive and Database (SINBAD), and to promote its further development in
coordination with the Expert Group on Physics of Reactor Systems (EGPRS). Altogether 9 meetings, the large
majority (8) held remotely, were organised during the past 3 years to discuss the experience on the use of SIN-
BAD, evaluation of new benchmarks and improvements to be contributed to the database which was severely
neglected and lacking maintenance over the past ⇠ 10+ years. Several proposals for new or updated benchmark
evaluation were presented and discussed, such as FNG copper, LLNL pulsed spheres, CIAE iron sphere, KFK
1977 gamma measurements, Rez Fe sphere, ASPIS, ORNL Oxygen broomstick, TIARA and others. Comple-
menting the database with new features was also discussed, for example providing the nuclear data sensitivity
profiles more systematically would facilitate and better guide the use of data. Information on the geometry,
(radiation source) and materials available in CAD format is expected to allow an easier and less error prone ref-
erence for computational model preparation and a potential input to CAD based workflows. Inputs for various
transport codes and other benchmark data from participants have been shared via the NEA GitLab which could
hopefully in the future evolve and form a bases for critically checked and validated benchmark data. Future
development of SINBAD will be monitored by EGPRS and the newly created SINBAD Task Force.

1 Introduction

Benchmark experiments provide a means for integral val-
idation of the overall performance of computational tools
in real physical environments, thus giving the feedback on
the accuracy of nuclear data and radiation transport codes
for applications reasonably similar to the experimental set-
up and guiding further improvements.

Clearly, before using benchmark experiments for ND
and code validation, the information available on the
benchmark itself must first be thoroughly validated. Sev-
eral databases containing di↵erent reference benchmark
experiments are thus developed for decades to facilitate
their use in a systematic and reliable manner. Exam-
ples of such databases include the International Critical-
ity Safety Benchmark Evaluation Project (ICSBEP), the
⇤e-mail: ivan.kodeli@ukaea.uk

International Reactor Physics Experiment Evaluation (IR-
PhE) and the Shielding Integral Benchmark Archive and
Database (SINBAD).

SINBAD [1] was the first among the above project to
be launched, starting about 30 years ago, but ironically
it is at present comparatively less widely used. Creation
of a shielding benchmark database was first proposed at
the Radiation Shielding conference in Bournemouth, UK
[2], following the discussions in the late 1980’s within
the NEACRP specialists’ meetings on shielding bench-
mark calculations to respond to the needs of EU fast re-
actor project and the Joint Evaluated Fission (JEF) nu-
clear cross section evaluations. SINBAD o�cially started
⇠1994 as a collaboration between the Organization for
Economic Cooperation and Development’s Nuclear En-
ergy Agency Data Bank (OECD/NEADB) and the Radi-
ation Safety Information Computational Center (RSICC),

 

EPJ Web of Conferences , 15002 (2023)284
ND2022

https://doi.org/10.1051/epjconf/202328415002

   © The Authors,  published  by EDP Sciences.  This  is  an open  access  article distributed under the  terms of the Creative Commons Attribution License 4.0
 (http ://creativecommons.org/licenses/by/4.0/). s



with the main goal to preserve the information on the per-
formed radiation shielding benchmarks and make them
available in a standardised form to the international com-
munity. The database is intended for di↵erent users, in-
cluding nuclear data evaluators, computer code develop-
ers, experiment designers and university students. SIN-
BAD is available from RSICC and from the NEA Data
Bank [3]. Shielding benchmarks are available in materials
such as Fe/stainless steel (27 benchmarks), H2O (11), air
(9), Na (6), concrete (5), Pb, W, Si/SiC (4), graphite, Al
(3), O, V, Cu (2), Li, Mn, Ni, N, Nb, Be, Th, Bi, (CH2)2n
(1) and mixtures thereof (18). The database was exten-
sively used in the scope of numerous national and inter-
national projects, such as PWR Pressure vessel surveil-
lance, fusion programme (ITER reactor studies), several
OECD Working Party on Evaluation Cooperation (WPEC)
Subgroups, and validation of di↵erent nuclear data valida-
tion, recently for example for JEFF-3.3 [4], -4T, ENDF/B-
VIII.0 [5], FENDL-3.2 [6] and IRDFF-II [7].

The interest was initially focused on collecting and
preserving the information on integral benchmark data for
the (fast) reactor programme, however the project soon
extended to fusion and accelerator relevant experiments.
Data was evaluated in a standardised text (HTML) format,
which allows to link the documents to the original reports,
transport code models and other data sets, and is at the
same time simple and as maintenance free (cheap) as pos-
sible.

The latest version of SINBAD, distributed by the NEA
and RSICC, includes 102 shielding benchmark experi-
ments covering fission reactor shielding (48 benchmarks),
fusion neutronics (31), and accelerator shielding (23) ap-
plications. Half of these benchmarks went through a qual-
ity review process which was started around 2007 to iden-
tify eventual missing and inconsistent data, particular con-
cerning experimental uncertainties (including correlations
among them). Experimental, engineering and modelling
uncertainties were evaluated and benchmarks were ranked
in 3 categories according to the completeness and consis-
tency of the experimental information. Many of the fusion
(25 out of 31) and fission (17 out of 48) benchmarks were
already quality reviewed.

This paper presents an overview of proposed new
benchmarks and summarises the outcomes of the WPEC
SG47 activities.

2 WPEC SG47

The activity in the SINBAD evaluation and development
was considerably slowed down in the last decade and
more. The Working Party on International Nuclear Data
Evaluation Co-operation Subgroup 47 (WPEC SG47) ti-
tled “Use of Shielding Integral Benchmark Archive and
Database for Nuclear Data Validation” [8] was therefore
organised at OECD/NEA between 2019 and 2022 with the
objectives to promote a more systematic and wider use
of shielding benchmark experiments in nuclear data and
transport code validation and development, and to obtain
feedback from the users on further development of the
SINBAD database. The recommendations of the WPEC

SG47 should help to better orient and focus further SIN-
BAD improvement and development based on the experi-
ence, needs and expectations of nuclear data community.
The “renaissance" of the project would furthermore con-
tribute to the diversification of the nuclear data validation
practice by including more extensively di↵erent types of
integral measurements, such as shielding benchmarks, and
result in production of more general-purpose cross-section
evaluations.

Researchers from laboratories in Europe (ANSWER
Winfrith, CEA, ENEA, EPFL, IJS, JACOBS, KIT, REZ,
SCK-CEN, UKAEA, UKRI STFC, UPM), USA (LLNL,
LANL, ORNL), China (FDS, CIAE), Russia (IPPE),
Japan (JAEA) and IAEA participated in the activities of
SG47.

Complementing the database with new features was
discussed, for example the information on the geometry,
(radiation source) and materials in CAD format is ex-
pected to serve as a more useful and interactive refer-
ence for each benchmark. Moreover, providing the nu-
clear data sensitivity profiles more systematically would
facilitate and better guide the use of data. Inputs for vari-
ous transport codes and other benchmark data from par-
ticipants have been shared via the NEA GitLab which
could hopefully in future evolve and form a bases for crit-
ically checked and validated set for computer code anal-
ysis tools. Evaluation of the FNG-Copper (by I. Kodeli,
M. Angelone), KFK Fe spheres g-leakage and ORNL O
broomstick (both by S. Simakov) are available from the
NEA Gitlab, as well as many other data, such as computer
code inputs and reports contributed by JSI, NRG and UPM
on ASPIS Fe88, TIARA, OKTAVIAN, FNS and LLNL
benchmarks. INEST Hefei contributed SuperMC [9] com-
puter code inputs for a series of fusion benchmarks to
be included in SINBAD. Inputs for the Serpent [10] code
were also prepared at CCFE, KIT, JSI and CEA Cadarache
for FNG and ASPIS-Fe88 benchmarks. IAEA presented
the Compilation of Nuclear Data Experiments for Radia-
tion Characterisation (CoNDERC) [11] initiative.

A final destination or repository for these data and
benchmark evaluations prepared as part of the WPEC
SG47 activity should be defined to prevent data loss or dis-
persion, be it within the present SINBAD, ICSBEP, new
SINBAD database, GitLab or elsewhere.

The need to clarify the future organisation and format
issues were addressed. Although the group took note that
a new SINBAD format was chosen by the ICSBEP and
IRPhE working groups, alternative organisations of the
database were discussed. A possibility to separate bench-
mark evaluations in a so-called "static" databases contain-
ing the experimental measurement data, and a "dynamic"
database describing computational models was discussed.
The "dynamic" database would include up-to-date compu-
tational models, regularly revised input and output data for
specific computer codes, C/E values and other informa-
tion requiring frequent updating. Such organisation may
present some advantages both from the maintenance and
data preservation aspects.

A SINBAD Task Force was initiated in January 2022
to carry on the work on further development of SINBAD
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and will incorporate some recommendations from WPEC
SG47.

3 Outcomes of WPEC SG47

3.1 New benchmark evaluations

Proposals for new or updated benchmark evaluation were
presented and discussed at the WPEC SG47 meetings (7
in total, plus 2 focused meetings on CAD modelling and
new benchmark evaluations), such as:

• FNG-Cu evaluation prepared within Fusion for Energy
(F4E) in 2018

• KFK 1977 gamma fields in iron spheres with a 252Cf
source

• Oxygen broomstick benchmark: review and updates of
SINBAD evaluation

• LLNL: 75 pulsed-sphere neutron-leakage spectra for 20
di↵erent materials

• CIAE neutron leakage spectra from Fe, (SiC, graphite,
Bi) with D-T neutrons; Time of Flight (TOF) measure-
ments at di↵erent angles

• REZ Fe sphere and slab benchmarks

• FNS and OKTAVIAN benchmarks (Cu, Ti, Li2O, etc.):
availability issues discussed

• TIARA benchmark

• BALSAC/MASURCA (CEA Cadarache)

• JANUS experimental Fast reactor programme (1984
- 87, AEA Reactor Services Winfrith and CEA
Cadarache) (1988)

• PETALE program in CROCUS on stainless steel nuclear
data (EPFL Lausanne)

3.1.1 FNG Copper

Copper will be used in fusion reactors such as ITER in di-
vertor, first wall, superconducting magnets, coils and other
auxiliary systems. A neutronics benchmark experiment on
a pure copper assembly [12, 13] was performed at the end
of 2014 - beginning of 2015 at the 14 MeV Frascati Neu-
tron Generator (FNG) of ENEA Frascati with the objective
to validate the state-of-the-art copper nuclear cross-section
data and the related uncertainties.

Reaction rates, neutron flux spectra and doses were
measured at several locations inside the 60x70x70 cm3

Copper block (Fig. 1) using di↵erent experimental tech-
niques: 197Au(n,�), 186W(n,�), 55Mn(n,�), 115In(n,n’),
58Ni(n,p), 58Ni(n,2n), 27Al(n,↵), 93Nb(n,2n) activation
foils, NE213 scintillator and thermoluminescent detec-
tors. The reference analyses of the experiment was carried
out using the MCNP5 [14] code and the JEFF-3.2 cross-
section library. Cross section sensitivity and uncertainty
analyses were performed using a simplified 2D model and
the deterministic DORT and SUSD3D [15] codes.

Evaluation of the benchmark was performed in 2018 in
the frame of the European Fusion Programme (F4E), but

the review is still ongoing to include the data in SINBAD.
It is planned to be discussed among the first SINBAD Task
Force activities in 2022. The evaluation includes the de-
tailed analysis of experimental uncertainties including the
corresponding correlations, the description of a simplified
and detailed computational model, supported by the CAD
format geometry, the sensitivity profiles of measured reac-
tion rates with respect to the basic nuclear data and MCNP
and DORT computer code input data.

Figure 1. FNG-Cu benchmark: Arrangement of copper blocks
and aluminium support structure

3.1.2 ORNL Oxygen Broomstick

Neutron data for oxygen play an essential role in neutron-
ics analysis of nuclear power and research systems since
it is a constituent element of many structural and cooling
materials, e.g. water, steel, ceramics and concrete. The
validation of neutron transport can be done either with
bulk compound materials or with pure oxygen, the latter
having an advantage of being more sensitive to the oxygen
data.

A rare example of a pure oxygen benchmark is the
existing entry NEA-1517/59 (SDT2) of the SINBAD
database [3]. This comprises the results of measurement of
the neutron transmission spectra through the liquid oxygen
broomstick of the large length 60" (152.4 cm) [16]. The
experiment was performed in 1965 at the Tower Shielding
Facility located in ORNL and was designed to measure the
neutron total cross sections in the range of 1.9-8.6 MeV,
Fig. 2. The energy spectra of the incident and transmitted
neutrons were measured by the shielded NE-213 scintilla-
tion detector, after unfolding of the pulse-height distribu-
tions.

An attempt was undertaken in the frame of the WPEC
SG47 group to revise and improve the content of this en-
try [17]. The input deck for MCNP was assembled, and
the sample calculations of neutron transmission and sensi-
tivities have been performed with the evaluated data from
ENDF/B-VIII.0 [5] and JEFF-3.3 [4]. It was shown that
due to the negligible contribution of the collided neutrons
the analytical and Monte Carlo analysis deliver practically
identical results. However the use of MCNP makes it
easier to imply the detector resolution, to calculate the
contribution of collided neutrons, sensitivity etc. Prop-
agation of the C/E underestimation observed for the 60"
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Figure 2. ORNL-O benchmark: arrangement at Tower Shield-
ing reactor TSR-II to measure the neutron spectra transmitted
through the thick samples of liquid oxygen.

O-broomstick neutron transmission with ENDF/B-VIII.0
data to the 16O(n,↵) cross section suggests to decrease
these data by 10 - 15% between 5.5 and 8.0 MeV. This
is confirmed by the thick target neutron yield induced by
↵-particles with energies up to 5 - 6 MeV in carbon. The
attempt to find the missing measured data for two smaller
O-broomsticks of the length of 24" (60.96 cm) and 36"
(91.44 cm) was unfortunately not successful. All this in-
formation was documented in the evaluation report, which
was added to the revised entry.

3.1.3 KFK 1977 gamma fields outside the Fe spheres

with
252

Cf source

Iron is the main reactor structural element and has always
been of the highest priority for the nuclear data evaluation
and validation. For this, a series of benchmarks was car-
ried out to validate the neutron transport in the iron but
mostly limited to neutron responses, i.e. the neutron trans-
mission, leakage spectra, activation rates, etc. So far only
a single benchmark was well documented which validates
the �-ray response. This experiment was carried in mid
1970s at the Institute of Physics and Power Engineering
(IPPE), Obninsk. The �-ray (and neutron) leakage spec-
tra from six iron spheres with diameters 15 to 40 cm and
252Cf(s.f.) source in the center were measured. The data
were compiled as entry ALARM-CF-FE-SCHIELD-001
in the ICSBEP handbook [18].

At the same time, a similar but independent bench-
mark was carried out at Kernforschungszentrum Karlsruhe
(KFK). The �-ray spectra leaking from three iron spheres
of ? 25, 30 and 35 cm with 252Cf(s.f.) neutron source have
been measured [19, 20]. It was an extension of the pre-
ceding KFK measurements of the neutron leakage spectra
from 6 iron spheres of ? (15 - 40) cm which were already
compiled as the entry NEA-1517/43 in the SINBAD [3].

In frame of WPEC SG47, the numerical measured data
and other details of the KFK �-ray experiment were re-
ceived from the author Prof. Shiang-Huei Jiang via private
communication, that allowed the creation of a new SIN-
BAD evaluation [21]. The KFK set-up includes the iron
sphere hung-up in the hall, 252Cf(s.f.) source and the Si(Li)
semiconductor Compton spectrometer of �-rays located 1
m away (Fig. 3) [19, 20]. The measured Compton electron
energy distribution in the semiconductor was unfolded to
yield the absolute energy spectra of the incident �-rays.

The authors of the KFK experiment have recommended to
restrict the quantitative interpretation of the measurements
to the energy region between 0.5 and 2 MeV.

Figure 3. KFK Fe benchmark: measurement of the �-ray leak-
age spectra from the Iron spheres with the 252Cf source in the
center.

The new SINBAD entry and evaluation report con-
tain a description of the KFK iron �-ray leakage bench-
mark and the relevant numerical data with their uncertain-
ties. The reliability of the KFK data were confirmed by
the direct comparison with the similar IPPE benchmark.
The MCNP model of the KFK experiment was assembled
and also included in SINBAD allowing the users to re-
peat the transport simulation. Finally, the intensive analy-
sis of the KFK �-ray leakage benchmark and its suitability
for the validation of the evaluated cross section data were
demonstrated employing the library ENDF/B-VIII.0 [5]. It
was shown that this library underestimates the �-ray yield
within 0.5–2.0 MeV by 20–40%. Comparable underesti-
mation was found also in the similar IPPE benchmark.

3.1.4 CIAE Neutron Leakage from Iron Slab using DT

neutrons

The CIAE Pulse Neutron Generator (CPNG) Cockcroft-
Walton type accelerator, which can operate in DC or
pulsed mode was used at CIAE for a series of shielding
benchmarks. A 25 GBq tritium-titanium (T-Ti) source tar-
get with an active diameter of 1.6 cm was used. Tritium
gas is absorbed in a thin titanium layer (2.6 µm) evapo-
rated on a 2.2 cm in diameter and 0.05 cm thick Molybde-
num backing plate. TOF leakage spectra from Iron sam-
ples with a diameter of 13 cm and thicknesses of 5, 10
and 15 cm were measured with BC501A liquid scintil-
lation and BaF2 scintillation detectors. The background
was estimated by measuring the same configuration with-
out the presence of iron samples. Spectra were measured
at two angles, 60� and 120� with respect to the D+ beam
direction. Measured spectra are provided in time domain.
The evaluation of the CIAE leakage spectra measurements
from iron slabs is planned for SINBAD.
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3.1.5 LLNL pulsed-sphere neutron leakage spectra

(75 spheres of 20 different materials)

LLNL pulsed-sphere neutron-leakage spectra measure-
ments [22–26] were performed from the 1960s up to the
late 1990s for materials ranging from light water to pluto-
nium. To this end, 14-MeV neutrons were produced in the
center of the sphere by a deuterium beam hitting a tritiated
target. Neutrons produced in the sphere by scattering or
fission (for actinide materials) were detected by scintilla-
tor detectors located at three di↵erent angles (26, 39 and
117 degrees) with respect to the neutron source.

The neutron-leakage spectra of 75 pulsed spheres
made of 20 distinct materials were simulated using
ENDF/B-VII.1 and ENDF/B-VIII.0 [27]. They highlight
issues in 6Li, 12C, 16O, Mg, 27Al, Ti, and Pb nuclear
data. Sensitivities for some of those simulated neutron-
leakage spectra were calculated in [28] to better under-
stand which nuclear data observables could potentially
lead to biases in simulating these experiments. This high-
lighted that specific nuclear data observables (summarized
in Table 6 of Ref. [28]) could be improved to better pre-
dict LLNL pulsed-sphere neutron-leakage spectra. In ad-
dition to those sensitivities presented in [28], the EUCLID
LDRD-DR project calculated sensitivities for 39 LLNL
pulsed-sphere neutron-leakage spectra [29]. These sensi-
tivities are planned to be release to the NEA for projects
such as SINBAD but also for the adjustment sub-groups.

While LLNL pulsed-spheres are certainly interesting
validation experiments to study nuclear data, there are
some open questions that need to be explored concerning
e.g. DD contamination in the target and consequently in
the source spectrum, geometry details and impact of model
simplification, background correction at late times, or the
detector e�ciency. Work at LLNL is ongoing to further
explore these measurements.

3.1.6 TIARA benchmark re-evaluation

Neutron spectra behind the shielding were measured for
43 MeV and 68 MeV p-7Li neutrons at the azimuthally
varying magnetic field cyclotron facility, TIARA [30, 31].
Quasi-monoenergetic neutrons at the forward angle were
generated by 43 MeV and 68 MeV proton-induced reac-
tions on 3.6 mm and 5.2 mm thick lithium targets; a 10-
100 cm thick steel test shield was assembled from a 120 ÷
120 ÷ 10 cm3 rectangular steel plate [30]. Instead of the
steel shield, a 25-200 cm thick concrete shield was also
assembled [31].

A review of this experiment is summarized in SIN-
BAD Abstract NEA-1552/03. However, only the simpli-
fied geometry was considered in this evaluation, and the
experimental neutron energy spectrum produced by the p-
7Li reaction was not evaluated. Therefore, it is planned to
re-evaluate the experimental data by evaluating the source
terms using detailed computational geometry, and evalu-
ating ND libraries for high-energy protons and neutrons
such as JENDL-5 and ENDF/B-VIII.0. Benchmark analy-
sis will be performed using the PHITS code [32].

3.1.7 ASPIS and JANUS benchmarks

SINBAD evaluations of seven ASPIS benchmarks were
updated with quality reviews performed by A. Milocco
around 2014 [33]. Furthermore, responses to the concerns
raised in the quality assessment and additional information
were obtained from David Hanlon, JACOBS on the ASPIS
PCA Replica and NESDIP 3 benchmarks [34].

Several reports are known and partly available with re-
stricted use on the JANUS experimental Fast reactor pro-
gramme (1984-87, AEA Reactor Services Winfrith, CEA
Cadarache) and NESDIP. Action is needed to resolve the
issues related with the ownership and legal restrictions of
the data. In addition to JANUS Phase 1 and 8, already in
SINBAD, the following data would be of interest for fur-
ther evaluation in the database [35]:

• JANUS Phase 2: 22.4 cm stainless steel, 91.4 cm Na

• JANUS Phase 3: 25.0 cm stainless steel, 91.4 cm Na

• JANUS Phase 4: 10 cm stainless steel, 5 cm B4C. 10 cm
stainless steel, 90 cm Na

• JANUS Phase 5: 15 cm stainless steel, 5 cm B4C. 5 cm
stainless steel, 90 cm Na

• JANUS Phase 6: 10 cm stainless steel, 10 cm B4C. 5 cm
stainless steel, 90 cm Na

• JANUS Phase 7: 50 cm B4C, 120 cm Na

• JANUS Phase 9: 26 cm stainless steel, 10 cm B4C, 22
cm stainless steel, 90 cm Na

• NESDIP 4: Pressure vessel dosimetry (cavity)

• NESDIP 6: Pressure vessel dosimetry (cavity)

3.1.8 REZ Fe sphere

In the Centrum výzkumu Řež (CVR, Research Cen-
tre Rez), integral benchmark experiments using spheri-
cal and cylindrical geometries and, in the recent years,
blocks/layers of pure iron or its alloys such as stainless
steel have been carried out. In the CVR, 252Cf sources
have been used for a long time as a neutron source, which
are placed in the center of the benchmark assemblies us-
ing a pneumatic pipe post. Using spectrometers with hy-
drogen proportional detectors, HPD (in the energy range
from 0.1 to 1.3 MeV) and stilbene-type scintillation de-
tectors (in the energy range from 1 to 20 MeV), the out-
put/leakage spectra are measured and compared to the
MCNP-based calculations using various nuclear data li-
braries such as ENDF, JEFF, CENDL. JENDL, BROND,
Rosfond etc.The measurements are used in combination
with activation foils and HPFe spectrometer to obtain ab-
solute values of the neutron flux.

In the last years, the neutron spectra in the energy
range from 1 MeV to 20 MeV measured in the bench-
marks performed in Fe spheres with diameters of 50 cm
and 100 cm were published in the ICSBEP database (stil-
bene measurements by Michal Kostal). In addition to iron,
the CVR prepared and published the results of benchmark
measurements for a block of copper with dimensions of
50x50x50 cm3 (from 0.1 to - 20 MeV), a block of stainless
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steel 50x50x50 cm3 and a sphere of nickel with a diameter
of 50 cm. Evaluation of these results for SINBAD is being
considered.

3.2 Quality review evaluations

In the first stage of the SINBAD project, most e↵orts were
invested in collecting the available information on bench-
mark experiments, contacting experiments and preparing
evaluation reports. All documentation found in this pro-
cess was included in the SINBAD evaluation, in particular
the laboratory and internal reports, which are often less ac-
cessible but include more detailed description and exper-
imental data than the easily available journal papers. The
format of the data was kept as simple as possible, allowing
an easy visualisation and navigation among the available
documentation.

Around 2007, a review process was initiated at
OECD/NEA Data Bank to evaluate the completeness and
consistency of the experimental information and identify
eventual missing and inconsistent data (regarding the ge-
ometry, materials, the procedure to derive data-unfolding
etc., in particular concerning the experimental sources of
uncertainty). New or improved inputs for computer codes
such as MCNP were prepared and the sensitivity analyses
were performed to estimate the impact of approximations
used in computational models. Benchmarks were ranked
according to the above criteria. Half of the database went
through this review and the need to complete the review
of the completeness and consistency of SINBAD bench-
mark information for the remaining benchmarks was high-
lighted, in particular this refers to accelerator benchmarks,
where a more careful quality evaluation is needed.

3.3 Comments on Accelerator Benchmarks

Direct and secondary interactions of charged particles
need to be taken into account in the shielding design of
high-energy particle accelerator facilities. However, com-
paring to fission and fusion nuclear data, relatively little
validation e↵orts were dedicated to the codes and cross
section libraries relevant for the domain of particle accel-
erators.

Validation of nuclear data and physics models em-
ployed in nuclear transport codes is an essential part of the
licensing and design-related safety analyses of the accel-
erator facilities, such as MYRRHA [36], the Accelerator
Driven System envisaged to be constructed at SCK CEN,
Belgium, consisting of a liquid lead-bismuth cooled reac-
tor driven by a proton accelerator of 600 MeV. It was re-
quested by the Belgium Federal Agency for Nuclear Con-
trol (FANC) to validate the MCNP6 and PHITS codes used
in safety related analyses of MINERVA, a phase 1 of the
MYRRHA project. To do so, validation and verification
of SINBAD experiments, which are representative of the
MINERVA facilities was undertaken.

Currently, the SINBAD database contains two experi-
ments with the neutron yield produced via 30 MeV and 52
MeV proton interactions with the thick C and Fe targets

(NEA-1552/30). The energy dependent secondary neu-
trons were measured in the angular range of 0� � 135�
with respect to the beam axis. These experimentally ob-
tained neutron yields from light and heavy target materi-
als can be used as a reference data to ensure the quality
and consistency of the proton induced nuclear data and
the transport codes. Several neutron transmission exper-
iments are also provided in SINBAD. The neutron fluxes
generated with the 52 MeV proton beam (NEA-1552/34)
impinging on 2.145 cm thick C target were transmitted
though di↵erent shielding materials (e.g. concrete, iron,
graphite and water). Neutrons generated by the 43 MeV
and 68 MeV protons bombarding 3.6-mm-thick and 5.2-
mm-thick 7Li targets (99.9% enriched), respectively, were
transmitted through iron and concrete shielding materi-
als (NEA-1552/03). In case of the 75 MeV proton beam
(NEA-1552/31), neutrons produced via a 1 cm thick Cu
target were transmitted through a concrete shielding.

Analysis of the above benchmarks revealed that both
nuclear models and proton data libraries cannot adequately
describe the spectra of neutrons emitted from all investi-
gated target cases. Their performance varies depending on
a target material and beam energy. More specifically, the
quality of the proton induced libraries is questionable es-
pecially for the light target materials. The transmitted neu-
tron fluxes behind the shielding materials and their shape
are solely defined by the proton induced data rather than
neutron induced data. Therefore, quality of the proton in-
duced libraries needs improvement. Moreover, to improve
the reliability of the SINBAD database targeting its use
for the licensing and commissioning of accelerator facil-
ities (e.g. MYRRHA), it should be enriched with more
experiments covering broader energy and target material
range.

3.4 New features: CAD format and sensitivity

profiles

For computational modelling, the most common input
format for the SINBAD geometry is MCNP. Increas-
ingly, with the emergence of new transport codes such as
OpenMC [37] and Serpent [10], there is a need to per-
form validation as the codes evolve. This relies on the
availability of SINBAD experiments in alternative code
formats which has been greatly facilitated by the devel-
opment of the CSG2CSG tool [38]. Given the complexity
of geometry that is now routinely adopted in nuclear anal-
ysis, manual construction of models is both too timely and
error-prone. Instead a CAD representation of the geom-
etry is a natural starting point for nuclear analysis. This
has been made possible by software that converts STEP
or SAT files to a constructive solid geometry (CSG) rep-
resentation such as SuperMC [9] or McCAD [39]. The
availability of a CAD model which is an exact mapping
of the particle transport model provides a 3D visualisation
that is much more intuitive and interactive depiction of the
geometry.

The addition of a CAD model for each of the SINBAD
experiments would serve as a useful reference. SuperMC
is a bi-directional conversion software capable of inverting
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MCNP models to SAT files. This was done for several of
the FNG benchmarks. Unique materials are preserved and
the inversion process is validated to conserve all volumes
of the geometry. Beyond a useful reference, a CAD model
can be used as input to alternative workflows centred on
CAD based tracking such as DAGMC [40]. An example
for FNG Cu is shown in Figure 4.

Figure 4. Workflow to translate MCNP based FNG Cu bench-
mark into other CSG based transport codes and CAD file format.
The CAD file can be exported to mesh based formats that can be
utilised for CAD based tracking.

4 Conclusions

New SINBAD benchmark experiments and/or improved
modelling of older benchmarks are needed to test and im-
prove new nuclear data evaluations. Blind use of integral
experiments can be dangerous, therefore a careful verifi-
cation of completeness and consistency of experimental
information is mandatory in addition to a correct and com-
plete interpretation of measured results and understand-
ing of uncertainties and correlations among them. Journal
publications typically do not include the complete exper-
imental information with details, as needed for the mod-
elling. It is therefore important to evaluate new bench-
marks as soon as possible and make them available in
databases such as SINBAD. Use of "bias" factors was in
general not encouraged for ND validation and improve-
ment studies due to their dependence on specific nuclear
data and models, and the danger that they propagate to the
nuclear data libraries. Instead, the use of detailed and rep-
resentative models is recommended rather than simplified
models plus bias factors.

Quality evaluation and ranking of benchmarks avail-
able in SINBAD is needed. This will require an ac-
tive involvement of shielding experts. Participation of
users would allow to better focus the selection of fu-
ture SINBAD benchmark evaluations. The need for addi-
tional high-quality accelerator benchmarks was expressed,
which would be useful for the MYRRHA and other future
facilities such as IFMIF-DONES.

For the convenience of authors and users the SINBAD
distribution policy rules should be transparent and clear.

Alternatives to the present and new organisation and
SINBAD formats were discussed, such as separating ex-
perimental description from the computational part. The
first ("static" or "experimental") database would include
purely experimental data, i.e. detailed experimental infor-
mation including reference measurements and uncertain-
ties. The computational part requiring frequent updating
would include the modelling details and computational re-
sults.

Altogether seven regular WPEC SG47 meetings, plus
2 focused meetings (on CAD modelling and new bench-
mark evaluations) have been organised during the past 3
years. Proposals for new SINBAD evaluations, several be-
ing available from the SG47 GitLab repository, were pre-
sented, including neutron and gamma shielding in materi-
als such as Fe, Cu and O. IAEA presented the Compilation
of Nuclear Data Experiments for Radiation Characterisa-
tion (CoNDERC) initiative. As a continuation of the SG47
activities a new SINBAD Task Force was created in 2022
with the mandate to monitor and promote future develop-
ment of SINBAD.
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