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Abstract

SINBAD (Shielding INtegral Benchmark Archive Database) is an internationally established
set of radiation shielding and dosimetry data relative to experiments relevant in reactor shielding,
fusion blanket neutronics and accelerator shielding. In addition to the characterization of the
radiation source, it describes shielding materials and instrumentation and the relevant detectors.
The experimental results, be it dose, reaction rates or unfolded spectra are presented in tabular
ASCII form that can easily be exported to different computer environments for further use. Most
setsin SINBAD contain also the computer model used for the interpretation of the experiment

and, where available, results from uncertainty analysis.

Thisis an international effort between the OECD/NEA Daa Bank (Organization for
Economic Cooperation and Development, Nuclear Energy Agency Data Bank

http://www.nea.fr/html/databank/) and ORNL/RSICC (Oak Ridge National Laboratory, Radiation

Safety Information Computational Center http://www-rsicc.ornl.gov/rsic.html). Cooperation

from many organizations, authors, and benchmark analysts have helped SINBAD become a
‘living database’ one which involves continuous information updates, preservation, and additions

of nuclear benchmarks in the areas of fusion, fission, and accelerator science and engineering.

This paper focuses on the increased comprehensiveness of experiments achieved in recent

years and the use that is being made for computer code and cross section library validation.



Recent developments

The objective of the SINBAD data-base [1- 4] is to store and make available the information
on high quality benchmark experiments for validation of radiation transport codes and nuclear
data. Over 60 benchmark experiments have been incorporated into SINBAD up to now and this
number is steadily increasing every year. Nine new experiments were integrated in 2003, ninein
2004 and several others are in preparation. The experimental facilities participating in this project
are shown on Table 1, and the experiments included in the present version of SINBAD are listed
in Table 2. This database covers both low and inter-mediate energy particles applications, and is
divided in three main parts covering:

reactor shielding, pressure vessel dosimetry (34 experiments)
fusion blanket neutronics (24)

accelerator shielding (9)

The ANS-6 standard on formats for benchmark problem description have been followed.
SINBAD data include benchmark information on (1) the experimental facility and the source; (2)
the benchmark geometry and composition; and (3) the detection system, measured data, and an
error analysis. A full reference section is included with the data. Relevant graphical information,
such as experimental geometry or spectral data, is included. All information that is compiled for
inclusion with SINBAD has been verified for accuracy and reviewed by two scientists. The set of
primary documents used for the benchmark compilation and evaluation are provided in computer

readable form.

As shown in Table 2 the fission shielding part includes several older experiments performed
in ASPIS and ORNL facilities, experiments covering pressure vessel dosimetry (VENUS,
BALAKQOVO, HB Robhinson, etc.). The fusion community, in particular from Europe (EFF) and
Japan, has been very active in contributing data. Several experiments performed at FNG by

ENEA and TUD, in FZK, aswell asin FNS and OKTAVIAN facilities were this way



incorporated into SINBAD. A few ISTC and IPPE dataincluding a skyshine experiment are
included or in preparation. The accelerator part includes several experiments from Japan, USA

and EU.

New benchmark experiments are regularly added to the database, and the existing data are
updated with feedback received from the users and when supplementary information becomes
available and alist of experiments which are planned to be included in the near future is givenin
Table 3. Among them are several fusion benchmarks from the FNS, OKTAVIAN and IPPE

facilities, as well as accelerator benchmarks, including aviation route dose experiments.

Applications

SINBAD is available at no charge from RSICC and from the NEA Data Bank [1, 2]. Since
its beginnings in 1996 there have been many different users, including US, European, and
Japanese facilities, government programs, universities, and private companies. Over 60 copies of

SINBAD have been distributed to 20 countries.

SINBAD is already becoming a standard for validation of new nuclear data evaluations. Few
examples of its successful use are the JEF (Joint Evaluated File) and EFF (European Fusion File)
projects where it was used to validate the iron, nickel, aluminum, silicon and tungsten
evaluations, validation of the JENDL-3.1 nuclear data[5], as well as the applications like the oil
well logging (validation of oxygen and carbon data [6]). Several benchmark experiments
involving reaction rate measurements, in particular those covering fusion neutronics shielding,
will be used to validate the new IRDF-2002 dosimetry cross-section library and to check for
improvement between the measured and cal culated reaction rates. SINBAD experiments, like
VENUS, ASPIS, BALAKOVO-2 [7] were used to validate methods for the reactor pressure

vessel surveillance dosimetry.



Conclusions

Information on some valuable shielding experiments has been saved together with the
primary documents. Many new experiments were added in the last years, and SINBAD
incorporates at present over 60 benchmark experiments. Further data is being processed and much
datais waiting to be processed. These experiments have been identified of being of high
relevance for validation of radiation transport and shielding methods and codes. Close
cooperation with other projects like the Expert Group on Shielding Aspects for Accelerators,

Targets and Irradiation Facilities (SATIF) and VENUS intercomparison studies was established.

SINBAD data include benchmark information on (1) the experimental facility and the
source; (2) the benchmark geometry and composition; and (3) the detection system, measured
data, and an error analysis. A full reference section is included with the data. Relevant graphical
information, such as experimental geometry or spectral data, isincluded. All information that is
compiled for inclusion with SINBAD has been verified for accuracy and reviewed by two
scientists. The set of primary documents used for the benchmark compilation and evaluation are

provided in computer readable form.

SINBAD is available at no charge from RSICC and from the NEA Data Bank.
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Table 1: Contributing institutions.

AEA Technology (AEAT),
Comissariat al'Energie Atomique (CEA),
EC Joint Research Centre (ISPRA),
Ente per le Nuove Technologie, L'Energiae |'’Ambiente (ENEA),
Forschungszentrum Karlsruhe (FZK),
Forschungszentrum Rossendorf eV. (FZR),
Georgia Institute of Technology (GIT),
High Energy Accelerator Research Organization (KEK),
Ingtitute of Nuclear Techniques, Technical University of Budapest (TUB),
Ingtitute of Physical and Chemical Research (RIKEN), Japan
Institute of Physics and Power Engineering (IPPE), Obninsk,
Interfaculty Reactor Ingtitute (IRI), Delft University of Technology,
Japan Atomic Energy Institute (JAERI),
Jozef Stefan Institute (1JS),
Lawrence Berkeley National Laboratory (LBNL),
Los Alamos National Laboratory (LANL),
Michigan State University (MSU),
Nationa Institute of Radiological Sciences (NIRS) of Japan,
National Ingtitute of Standards and Technology, Gaithersburg (NIST),
Oak Ridge National Laboratory (ORNL),
Paul Scherrer Ingtitute (PSI),
Research Centre Mol (SCK-CEN)
Scientific and Engineering Center for Nuclear and Radiation Safety (SEC NRS) of
GOSATOMNADZOR,
Technische Universitaet Dresden (TUD),
Tohoku University,
University of lllinais,
University of Osaka,
University of Pavia,
University of Tokyo,
CERN SPS (Super Proton Synchrotron), Geneva
and many experts who have contributed to the compilation, validation and review of the data



Table 2: SINBAD INDEX - Sorted by Material

Air

Al

Fe, Concrete, Polyethylene

Fe, Pb
Fe& S. Stedl
H20

H20, C, Fe
H20, C, Pb
H20, Fe
H20, Fe
H20, Sted

H20, Stedl, Al

N
Na

Nb, Al

Ni

(@]

Pb

S

SiC

Stee
Stainless Steel

S. Steel & Poly

Streaming Through Ducts (IRI-TUB)

FNG-ITER Neutron Streaming (integral)

FNS Skyshine

RIKEN 70-210 MeV Quasi-monoenergetic Neutron Field
Aluminium Sphere (OKTAVIAN)

MSU experiment with He & Cionson Al target

KANT Spherical Beryllium Shells

Winfrith Graphite Benchmark (ASPIS)

FNS Graphite Cylindrical Assembly

Karlsruhe Iron Sphere

Winfrith Iron Benchmark (ASPIS)

Wuerenlingen Iron Benchmark (PROTEUS)

Ispralron Benchmark (EURACOS)

Iron Sphere (OKTAVIAN)

Winfrith Iron 88 Benchmark (ASPIS)

Iron Slab Experiment (TUD)

University of Tokyo-YAYOI Iron Slab

ORNL TSF Iron Broomstick

University of Illinois Iron Sphere (CF-252)

University of lllinois Iron Sphere (D-T)

TIARA 40 & 65 MeV Neutron Transmission
ROESTI I, Il and 111 (CERN)

ORNL Neutron Transport Through Iron and SS- Part |
Winfrith Water Benchmark (ASPIS)

Neutron L eakage from Water Spheres (NIST)
Transmission of Neutrons and g Generated by 52 MeV P
Transmission of Neutrons and g Generated by 65 MeV P
Pool Critical Assembly-Pressure Vessel Facility Benchmark
Winfrith Water/Iron Benchmark (ASPIS-PCA REPLICA)
Winfrith Neutron-Gamma Ray Transport (ASPIS)

TUD Spectra Measurements (FNG-I1TER Bulk Shield)
NESDIP-3 Benchmark (ASPIS)

NESDIP-2 Benchmark (ASPIS)

ORNL TSF Nitrogen Broomstick

Cadarache Sodium (HARMONIE)

Ispra Sodium Benchmark (EURACOS)

ORNL TSF Sodium Broomstick

ORNL Neutron Transport in Thick Sodium

BEVALAC Nb lonson Nb & Al Targets

Nickel Sphere (OKTAVIAN)

FNS Liquid Oxygen

ORNL TSF Oxygen Broomstick

PSI neutron spectrafrom 590 MeV p on Pb Target
Silicon Sphere(OKTAVIAN)

FNG Silicon Carbide (integral)

TUD Silicon Carbide (spectra)

JANUS Phase | (n Transport Through Mild and Stainless Steel)
JANUS Phase VIII (n Transport Through Mild Steel)
ORNL TSF Stainless Steel Broomstick

FNG-SS Shield (integral meas.)

ORNL 14-MeV Neutron SS/Borated Poly Slab

S. Stedl, Poly, CuFNG-ITER Blanket Bulk Shield (integral)
S. Steel, Perspex FNG-ITER Dose Rate Experiment



V FNS Vanadium Cube
IPPE Vanadium Shells
w Tungsten Sphere (OKTAVIAN)
FNS Tungsten
FNG Tungsten (integral)
TUD Tungsten (spectra)
MULTIPLE (MORE THAN 3 Materials, either INTEGRAL or Separate)
Baakovo-3 VVER-1000 Ex-vessel Neutron Dosimetry
JASPER Advanced Reactor Axial Shield Measurements
JASPER Advanced Reactor Intermediate Heat Exchanger
JASPER Advanced Reactor Radial Shield Measurements
(n,g Production Cross Sectionsfor 14 elementsand SS
Averaged (n,g) Production Cross Sectionsfor 14 elements & SS
HIMAC He, C, Ne, Ar, Fe, Xeand Siionson C, Al, Cu & Pb targets
VENUS-3 LWR-PV S Benchmark



Table 3: SINBAD - work in progress, (2004 and following years). In bold are the data being

processed.

REACTOR - FISSION
Title Organisation
SINBAD-HBR-2/PVB ORNL, NRC
BTiH benchmark I|PPE, ORNL
VENUS-1 PV dosimetry experiment SCK/CEN
VENUS2 (2D & 3D MOX ) dosimetry SCK/CEN
I PPE shielding experiments for critical systems: IPPE
Air, Water, Polyethylene, Sand, Ground, Glass,
Iron, Lead, Concrete, U-238, combined mock-ups
(reactor - criticality)
Neutron and gammafields performed on NRI-Rez
- Iron Spheres :diameters of 20, 30, 50, 100 cm
- Water Sphereswith diameters of 30, 50 cm.
BR1 "concrete" and copper-sphere experiments SCK/CEN
Experimental Studies of Reactor Neutron / NIKIET
Gamma Radiation Scattering (Skyshine)
NAIADE Iron Experiment (100 cm) CEA
NAIADE Graphite Experiment (150 cm) CEA
MCNP Photon Benchmark Problems (6) LANL

FUSION

Title Organisation
LLNL spheres Summer 2004 LLNL, LANL, ORNL
Oktavian LiF, TEFLON, Ti, Cr, Mn, Co, Cu, As, Osaka-University
Se, Zr, Nb, Mo, spheres
FNS TOF Experimentson Li,0, Be, C, liquid N, JAERI
Fe, Pb cylinders
FNS Clean Benchmarks on Li,O, Be, C, Fe, Cu, JAERI
SS316 cylinders
FNS Cu Sab JAERI
SiC FNS Experiment JAERI

gleakage from Fe, Al, Ti, Zr, Pb spheres and
hemispheres

VNIITF, Chelyabinsk

Fusion Neutronics Experiments on Structural & JAERI

Advanced Blanket Materials (L eakage) U-Oska

Cu, W, LIAIO,, Li,TiO;, Li,Zro,

Hg with D-T and Cf-252 Source JAERI

FNS 14 MeV Neutron Streaming through Dogleg | JAERI

Duct

Iron Shells Transmission Experiment | PPE
ACCELERATOR

Title Organisation

Shielding experimentsthrough concrete and ISIS, RAL, UK

iron using 800-MeV protons

Transmission of Medium Energy Neutrons AVF Osaka

Through Concr ete Shields Univer sity

Neutron Production from Thick Target of INS Tokyo University

Carbon, Iron, Copper, and Lead by 30- and 52-

MeV Protons

68 MeV proton on thick Cu target JAERI




113 MeV proton on thick Fe target LANL

Neutron Yieldsfrom Stopping-Length C, Al, Fe | LAMPF LANL
and Depleted U Targetsfor 256-MeV Protons

Neutron Angular and Energy Distributions SREL 1980
from 710-MeV Alphas Stopping in Water,

Carbon, Sted and L ead

Photoproduction of High-Energy Neutronsin e-Linac

Thick Lead Targets Irradiated by 150to 270 MeV | U-Mainz1973
Electrons

Neutron Fluxesinside and around Iron Beam Stop | p-synchrotron KEK
Irradiated by 500 MeV Protons

Neutron Production by Deuterons Impinging on IPN Orsay

Be, Cand U Thick Targets (17, 20, 28, 80, 160
and 200 MeV)

Aviation route dose experiments

ARC Seibersdorf
Research GmbH

Cosmic ray induced neutron spectrum at the
summit of the Zugspitze 2660m & Chacaltaya
5240m ; measurements at the CERF utility

GSF, Neuherberg

TOF neutron spectraat angles 0 to 110 deg. and
radioactivity induced in the accelerator material
(Li, Be, Cu, C, Al, etc.) for 25- 40 MeV deuterons

Tohoku University
AVF Cyclotron

Neutron transmission spectrafrom 20cm Iron slab,
D20(He3,xn) reaction at 40 MeV

Fast Neutron Facility of
NPI Rez

Yieldsof Residual Product Nuclei Producedin | I TEP, M oscow
Thin Targets|rradiated by 100-2600 MeV

Protons

Shielding experimentsthrough concrete and HIMAC, NIRS

iron using 400 MeV/nucleon C ionson Cu
target




