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ABSTRACT

A numerical toolbox based on Monte Carlo calculaidor self-powered neutron and gam-
ma detector design, simulation and operation has ldeveloped in order to save operators
numerous and fastidious calibration tests. The mx@atal validation of this numer-
ical toolbox, called ‘MATISSe’,in the OSIRIS Material Testing Reactor is fully de-
tailed in the paper. C/E comparisons presupposaipnog future application for the
numerical toolbox.

Key Words Neutron flux, Gamma flux, Self-powered detectors, igulation, Monte Car-
lo codes.

1. INTRODUCTION

The future Jules Horowitz Material Testing ReadttiiR — Cadarache, France) will host a large
variety of irradiation experiments, which will rdgpiseveral diverse neutron and gamma detectors.
Self-Powered Neutron (and Gamma) Detectors, SPND &PGD), are already identified as major
contributors to neutron (and gamma) level qualifaain JHR irradiation experiments, due to their
robust construction, simple use and relatively loygt. Nevertheless SPND response calibrations
need to be adapted to diverse irradiation conditioaquiring numerous and fastidious SPND cali-
bration tests from the operators. In this perspectihe Instrumentation Sensors and Dosimetry
Laboratory (LDCI) of CEA Cadarache (France) devethpsince 2010, a numerical toolbox based
on Monte Carlo calculations for self-powered nemtdetector design, simulation and operation.
This CEA SPND simulation toolbox was namedATiSSe’ for ‘Monte cArlo Tool for SPND
Simulations.
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The main purpose of this paper is to present theléscription of the ‘MATISSe’ toolbox features
and its experimental validation performed in la@4 2, testing several different self-powered detec-
tors at various locations in the OSIRIS MTR reftediCEA Saclay, France). The SPND theory, the
associated Monte Carlo model and their implemeottan the MATiISSe toolbox are detailed in the
first part of the paper. The experimental set-ugh éedicated coupled neutron-gamma field calcula-
tions are thoroughly described in the second Jdre validation of the ‘MATISSe’ toolbox is dis-
cussed in the third part with calculation to expemt comparison of self-powered detectors signals.

2. SELF-POWERED DETECTOR SIMULATION

The CEA MATISSe toolbox is based on a multistep Mo@Garlo calculation model where SPNDs
and their immediate environment are finely modé¢tgbmetry and material definition). The SPND
model origins from SCKeCEN previous works [1] anthas been constantly upgraded at CEA since
2010. The SPND response is predicted through tlgbr@alculations of neutron and gamma partial

sensitivities of the sensor, using close neutrah gamma fields (levels and spectra) accurately es-
tablished beforehand.

SPND Modeling

MATTS S |seernpuon

Geometries
Neutron Energy Spectrum » Material compositions
Gamma Energy Spectrum * Requiredtallies

Fermi Electron Spectra l—o + Particle source definition

Reactionrate
profiles
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* Reactionrates
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* Partial charge depositions

!

SPND Current Calculation
SPND CURRENT]| | * Total electron currents

(in Amps) [l + Total charge deposition
* Global charge density profile

Figure 1. Block diagram of the MATiSSe toolbox for self-pawd detector simulation.

The SPND model relies on two fundamental points: ékhaustive study of possible free electron
creation sources within SPND materials and trartsgadculations of these electrons in the different
SPND components and their corresponding chargesttepo The MATiSSe toolbox runs the mul-
tistep SPND model in adequate order, starting feomser SPND definition. The Monte Carlo
(MCNP6.1 [2]) and analytical calculations are codegarately in macro bodies in C++ language.
The user defines the SPND geometry and launcheslatbns from a GUI developed using the Qt
Creator 3.5.0 program. Final MATiSSe output is beddute direct electrical current in Amps.
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The MATISSe toolbox complete experimental validatwas performed recently in the French CEA

Saclay OSIRIS reactor. Various neutron and gamrtigoseered detectors have been tested in the
reflector of the OSIRIS reactor during a dedicagegderimental campaign. Measured and calculated
SPD signals are compared.

3. EXPERIMENTAL VALIDATION

Aiming at the MATISSe toolbox validation, CEA LDQlerformed dedicated SPND tests in the
OSIRIS Material Testing Reactor (CEA Saclay — Fearc/O MW) in the frame of a CEA internal
experimental project called VASCO (French acrongmSPND simulation validation in OSIRIS),
in collaboration with CEA SIREN (Reactor Irradiat®and Nuclear Studies section) and SERMA
(Reactor and Applied Mathematics Studies sectioitsu

3.1 Experimental Set-up

Different types of self-powered detectors (11 itaklp including ones with rhodium, cobalt and

bismuth emitters, have been tested in two irrapiiatocations in the OSIRIS reflector (called E9

and E10), presenting different neutron to gamma flatios. VASCO SPNDs were mounted in

threes on aluminium plates which were placed dialjpim the irradiation locations (square section
aluminium water boxes). Aluminium plates ensurgueegable positioning of detectors in the centre
of irradiation locations (aluminium water boxes).

In addition to self-powered detector irradiatiostse neutron flux levels (thermal and fast) in the
experimental locations have been experimentallerda@hed using activation detectors. Gamma
flux levels were also evaluated using a CEA regeddveloped process for miniature ionization
chamber (MIC) signal analysis [3].

Figure 2. Photograph of the aluminium VASCO SPD holders \8BDs mounted in threes.
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3.2 Specific Monte Carlo Calculations

Neutron and gamma spectra and absolute flux larelef essential importance as entry data for the
MATISSe toolbox.

OSIRIS calculation support unit (SERMA) performedoeafic neutron and gamma
three-dimensional calculations to evaluate neusmmh gamma flux levels and spectra in irradiation
locations. These calculations are based on the ORHA® three-dimensional continuous-energy
Monte Carlo particle transport code [4], develope@€EA Saclay and extensively validated against
reactor dosimetry benchmarks. In these calculatismsultaneous contribution of neutrons and
gamma is considered using neutron-photon coupéadport calculations. Contributions of prompt
and delayed photons have been taken into accoutihdogamma flux calculation. Specific deple-
tion codes are used upstream to provide the deaayvg sources required by TRIPOLI-4® calcu-
lations. Unperturbed and perturbed calculationsevperformed to check the impact of the detectors
themselves on their environment [5].

4. RESULTS

Although MATiISSe toolbox complete experimental gation is still in progress, preliminary re-
sults with unperturbed neutron and gamma fluxesvshery satisfactory calculation to experiment
ratios (See Table 1) and calculated partial sefits#s of the detectors are comparable to litemtur
other works [6].

Final results of all tested detectors with finadgt®r condition calculations will be performed unti
of the end of 2015 and will be included in the fp#per for the submission deadline in January
2016.

Table 1. Preliminary results of the MATISSe toolbox SPNInglation compared to actual meas-
urements in the OSIRIS reactor.

SPND Emitter Rh Co

Location E9 E9

| measured 8,50.107 1,05.107 (A)

| calculated 9,57.10 1,03.10 (A)

C/E 1,13 0,98

| neutrons 99,0% 97,3%

| gamma 1,0% 2,7%

Sh. total 7,68.107 9,33.10° (A/lcm . n.cnt.s?)

Sheo.625ev 9.96.10° 1,21.10° (Alcm . n.cn.sb)

Syotal 6,59.10°* 2,20.10* (A/lcm .y.cm?.sh)
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5. CONCLUSION

Fully characterized experimental locations in aleaicreactor with dedicated Monte Carlo calcula-
tions of neutron and gamma flux spectra and leadtyation dosimetry and ionization chamber
measurements are almost unique. They can be coedids reference locations for calculation to
experiment comparisons. The VASCO experiment, peréd in the OSIRIS reactor, was a great
opportunity to experimentally validate the CEA M&Be toolbox developed for self-powered neu-
tron and gamma detectors.

SPND C/E ratios already available are very satisfgdn the frame of the LDCI MATiSSe toolbox
validation. The complete analysis of the VASCO eipent will be presented in the full paper. It
should demonstrate that the LDCI MATiSSe toolboxeiady for nuclear instrumentation definition
of irradiation experiments in the future Jules Hutea Reactor (JHR). Furthermore, the LDCI MA-
TiSSe toolbox applications are wider than reseagelstor community; MATiISSe toolbox was used
to complete LDCI expertise for the French nucleaustry and the French national research agen-

cy.
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