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A Multipurpose Fast Neutron Beam Capability at the
MASURCA Facility

L. Dioni, R. Jacgmin, M. Sumini, B. Stout

Abstractn this paper weinvestigate the possible future use of
the CEA Cadarache MASURCA experimental fast reactor to
generate a fairly high-intensity continuous beam of fast neutrons,
having energies distributed in the 1 KeV to 5 MeV range. Such
an extracted beam of fast neutrons, tailorable in intensity, size
and energy, would be rather unique; it would be of interest to
neutron-based research and could open a range of new
applications at MASURCA. We report the results of numerical
simulations which have been performed to evaluate the feasibility
of such a beam port and to characterizeit spectrally.

I. INTRODUCTION
ASURCA, which stands for “mock-up facility for fast

This paper presents the first results of a prospect
investigation of MASURCA as a fast neutron souroarf
which a well-characterized fast-neutron “beam” offisient
intensity could be extracted and used for varioug@ses.
This investigation takes full advantage of the ueideatures
of the facility and of the favourable reactor binlgl
characteristics. The feasibility is evaluated byanwe of
modern neutron transport simulation codes, botkrdhistic
and Monte Carlo.

Il. THEMASURCAFACILITY

breeder reactor studies at Cadarache” is a zer@pow

critical facility, which was built in the 60’s fahe purpose of
studying experimentally the physics of fast neuttattices
and cores [1].

A. Main Features

MASURCA (Fig. 1a) is a low-power, air-cooled reacto
having a rated maximum neutron flux level of about

Until the early 90's, MASURCA was operated almosil0* neutrons ciis* at the core centre, which corresponds to

exclusively for experimental validation studies sddium-

cooled fast neutron reactor cores. Subsequent gregymwere
directed towards nuclear waste transmutation physidile

other similar facilities in Europe and in the USAens

permanently shut down. These transmutation expetsne
most notably the European Commission
FP5/MUSE-4 program [2] - which involved a sub-cat

lead-cooled core coupled with a neutron generatttracted

interest among European countries and were caoigdas

part of international collaborations.

The MASURCA facility is currently undergoing a majo
multiyear refurbishment work in preparation for npmgrams
in support of future fast reactors, mainly the A3DR
demonstrator [3]. This work entails not only impeovents in
the instrumentation and measurement techniquesalbatthe
possible use of the facility for a broader spectramfast
neutron physics applications.
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a thermal power of 5 kW [4].

Experimental configurations are constructed by ilogd
subassemblies (called “tubes”), vertically, in ai@® lattice.
These stainless steel structure tubes have a 108 &6 mm
horizontal cross section and are about four meteg.l They

sponsorade filled with small rodlets or platelets of var types

(fissile, fertile, structure, coolant, absorber, aic.), arranged
in such a way as to represent average materialkeotrations
and geometrical patterns of interest (Fig. 1b). dteds of
such tubes can be loaded, allowing core diameterstou
approximately 3.8 m. A typical experimental configtion

consists of a quasi-cylindrical fissile core, rdigiaurrounded
by a fertile blanket or steel reflector, itself mumnded by
shielding tubes. As a consequence of the large diwvelse
inventories of materials available at MASURCA, theis

considerable flexibility in the configurations tha@an be
simulated.

A shutdown mechanism is provided by four to eigate8y
Rods (SR), depending on the characteristics arel aizzhe
core. A calibrated, low-worth Pilot Rod (PR) is dge adjust
the core reactivity near the critical state.

Some of the structure tubes have openings in thgposite
sides, at mid-height, so that horizontal measurésngmannels
running across the core in teandY directions can be made.
Local measurements are typically obtained by mowngll
fission chambers through such radial channels, fitoenopen
space surrounding the biological shield (Labeld&ig. 1). A
radial channel as large as 10x10?émcross-sectional area
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; Fig. 2. Horizontal Cross-sectional View of the MUSE Critical
. # Configuration, the Numbers Indicate the Positioristh® Foils (for Foil
Activation Measurement) in the Experimental Chasifi].

1: Rolling slabs 14: Core output ventilation
2: Start-up source 15: Removable biological shield
> Diological shield _ 16:Radial channcl placed at the centre of various sub-critical neutraltiplying
: Type 1 control rod mechanism 17: Centring plate . . . . . .
5: Type 2 control rod mechanism  18: Level +0.00 m media (Fig. 2). This setup was used to investitfadephysics
& Pilot rod mechanism 19: XY East handling arm H
7 Level 14.94 m 20: XY trolley of ADSs (Acceleratqr Driven Systems).
8: Type 1rod 21: Fast vertical storage The GENEPI variable-frequency pulsed deuton acatder
9T 2rod 22 W ical . . . . .
bAe Ly 25 Contring phts merpantsm and its associated high-voltage 250 kV unit weneveaiently
11: Suspension nozzle 24: Upending device located in the large open space provided by theelacator
12: Tube 25: Tube head ” . .
13: Core input ventilation room” on the North side of the reactor hall, whighs already
equipped with a biological shield. The deuton beas
a) focussed and transported to the MASURCA core cahtrea
wrapper tube vacuum guide tube running through a pre-arranged .@nf
radial channel, from an opening made in the redutdpgical
shield. Further advantage was taken of the largacesp
fuel rodlets available in the accelerator room to install anlina-beam
monitoring instrument, facing the opening. Thistinment
108 mm was made of silicon detectors which detected tls¢ops and
alpha particles emitted at nearly 180° angle of itiedent
coolant rodlets i .
(1.27x1.27mm) beam and returning thru the guide tube.
[ll. MOTIVATION FOR AN EXTRACTED NEUTRON BEAM
b)
Fig. 1. (a) Cut-away View of the MASURCA Reactoriing and (b) an . . .
Example of a Typical MASURCA Fuel Tube Arrangement. The preceding considerations suggest that MASURCA

could be used as a versatile fast neutron sourpabta of
can even be arranged (Label 16 in Fig. 1), as wae dor the delivering a steady fast neutron flux of up td'Ifeutrons cm
MUSE-4 experiments, which are further discussedwel 2 st in all directions, and that a fraction of this tren flux
having energies distributed in the 1 keV to 5 Mavige could
be delivered to the accelerator room thru a preged radial
air (or vacuum) channel and an adjustable-size ewinih the
: - . e biological shield. This opportunity results from eth
The high flexibility of MASURCA is best exem'pI|f|eUy.the combination of several favourable features: fasutmos
MUSE-4 program (2000-2004) [2]. In this series Of, oot m kw-level thermal power as opposed toaSIOW
experlments, a neu_tron source was gene_rated by)nfu5|in most critical facilities, small neutron attenioat thru air in
reactions of deutons impacting a tritium (or deiuta) target experimental channels, easy access to the reamt@rfrom all

B. The MUSE-4 Program as an illustration of the MASURCA
flexibility



sides, large and diverse inventories of materialghat the
neutron source spectrum can be tailored to diftanends.

Such an extracted “beam” of fast neutrons adaptable
intensity, size and energy spectrum, could serveersé
purposes. Potential applications include neutrotivaion
analyses, semi-integral neutron cross section mewamEnts,
testing of medical equipment for neutron capturerdpy,
validation of neutron radiography systems for tleéedtion of
nuclear materials, neutron instrumentation testg,

Before definite statements can be made about thetipal

use of such a beam for specific applications, sdver “

conditions must be met. These conditions relatthéobeam
characteristics in intensity, energy spectrum, ganrioA
neutron background, at various positions alongctiennel, as
well as to the sensitivity of these characteristcghanges in
the source neutrons and in the general experimesatiaip.
These feasibility issues were investigated by nioakr
simulations, which are described hereafter.

IV. FEASIBILITY STUDY

A. Calculation models

For this feasibility study, two 3-D quasi-sphericabdels of
small sodium-cooled fast reactor cores were consiieSuch
simple models have the advantage of not requirzugel
computational times, while being sufficiently repeatative of
the main physics phenomena for a preliminary assess
The two models differ only in the type of fuel i#éd: one is a
MOX fuel, based on the fissile isotope?®Pu(Configuration
MOX), while the other one is a metallic fuel, basedUs®
(Configuration U-METAL). The isotopic fractions are shown
in Table I.

Radial Beam
Channel

LMOX =2:.76m
Ly-mgraL = 2.92m

| L‘COL}\/ /;

“ \ Ref{ector

"\ | Shield | / //
A\ \f /
\ Air

Concrete

Fig. 3. Schematic View of the Calculation Models.

cone starting at the core-reflector interface (Ajving its
vertex at the centre of the spheres and extendihgawds past
the concrete wall (B). The opening angle of the ecavas
derived from the constraint of a maximum beam @att
radius of ~15 cm in the biological shield, and i@snd to be
5.36 degrees.

The different zones and geometrical characteristicthe
models are summarized in Table II.

TABLE Il. GEOMETRICAL CHARACTERISTICS OF THECALCULATION MODELS

TABLE |. FUEL COMPOSITIONS OF THETWO MODELS

Configuration Zone Main Materials R sphere (m)

MOX Core fuel + sodium 0.44
Reflector steel + sodium 0.76
Shield steel + absorbers 1.18
Air 2.30
Concrete 3.20

U-METAL Core fuel + sodium 0.28
Reflector steel + sodium 0.60
Shield steel + absorbers 1.02
Air 2.30
Concrete 3.20

Configuration Element Isotope Fraction (%)
MOX Pu (~27%) P 0.2
Py° 78.7
P40 19.1
py# 1.4
P42 0.7
U (~73%) U 0.3
yse 99.6
U-METAL U (100 %) Gl 30.3
e 69.7

The fissile core is centred at t&0, Y=0 position in the
MASURCA co-ordinate system. It is surrounded by2act
thick reflector composed of sodium and stainlesslqfFig. 3).
This reflector shell is itself surrounded radially a 43-cm
shield made of steel and absorber materials. Abnatmeter
of air separates the core from a biological shiaitle of 90
cm of concrete.

In these simple concentric spherical shell modaks,radial
beam channel is approximated by a right circulafidéd

B. Calculation tools

The feasibility study was performed with two weflidwn
neutron transport codes: the deterministic code ERS82 [6],
and the continuous-energy Monte Carlo code TRIPO[T],
using the nuclear data library JEFF-3.1.

The codes were used
ERANOS-2 code was first used for finding thecriticadii of
the cores (these spherical critical radii showiT able Il were
actually derived from realisti®-Z configurations) using the
given material concentrations. These critical rathigether
with the total (isotropic) flux level in the coremnd the

in two successive steps. The
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Fig. 4. Configuration MOX: (a) Total Neutron Flux Radial Profile; (b)
Energy Spectrum of Neutron Outgoing Current at Beginning of the
Channel; (c) Energy Spectrum of Neutron Outgoingr€ht at the End of the
Channel.

intensities of the fission sources, were then wsedhputs to
propagation calculations performed with TRIPOLI-4.

In the TRIPOLI-4 simulation, surface tallies weefided to
count the particles, both neutrons and photonsgliiag in
the channel and crossing successive sphericakshighin the
cone. These tallies provide a measure of the ouggsirface
current (particles cih s*) and energy distribution of the
particles. In order to estimate the sensitivitytiié neutron
spectrum at the exit of the beam (in the biologishield),
material changes were made in the core loading thed
impact assessed on the “uncollided” portion of tetron
beam, i.e., the fraction of core neutrons in theecthat reach
the channel exit port directly from the core edge.
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Fig. 5.Configuration U-METAL: (a) Total Neutron Flux Radial Profile; (b)
Energy Spectrum of Neutron Outgoing Current at Beginning of the

Channel; (c) Energy Spectrum of Neutron Outgoingr€ht at the End of the
Channel.

A zero current of returning particles was set oa tuter
shell boundary. All calculations were normalized &W total
thermal power.

V. RESULTS ANDDISCUSSION

The radial profile of the total neutron flux is st in Fig.
4a for Configuration MOX and Fig. 5a forConfiguration U-
METAL. The (isotropic) neutron flux level at the coreatte is
on the order of 18 neutrons cri s™.

In either configuration, the neutron current inigns
(directional flux) at the channel entrance is om dinder of 18
neutrons ¢ s*, and on the order of $heutrons ci s* at
the channel exit. This intensity compares favoyralith
those of other machines in which attempts have beste to
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Fig. 6. (a) Comparison Between Total and Uncollithegitron Current at
the End of the Channel f@onfiguration MOX and (b) forConfiguration U-
METAL.

develop fast neutron beams. Note that, shouldhtbateemed
necessary, higher outgoing beam intensities coaldelched
by moving the core off-centre, in the directiontioé channel,
and simultaneously reducing the reflector or shikidkness.

Figs. 4b and 4c show the energy distribution ofdttgoing
neutron current at the beginning of the channel, @)the
core-reflector interface, and at the end of thendea (B) at
the outer boundary, fa€onfiguration MOX. Figs. 5b and 5¢
show the corresponding plots fGonfiguration U-METAL.

The total exiting neutron spectrum retains somethsf
source fast neutron distribution characteristicsit kalso
includes, as expected, a slowing-down componerg,tdithe
many scattered neutrons that come from the whaleesy, as
no attempt was made to filter those out in thislipieary
investigation.

In order to appreciate the relative importance bé t
scattered neutrons, the spectra of uncollided oestrare
plotted in Fig. 6. The results are compared with tbtal
spectrum obtained foConfiguration MOX (Fig. 6a) and
Configuration U-METAL (Fig. 6b).

Fig. 6 provides information about the origin of theutrons
reaching the channel exit. The highest part of ghectrum
(MeV range) is dominated by neutrons coming digefitbm
the core, while there is a growing contribution szfattered
neutrons as one moves to lower energies, espeuidie keV
and lower energy regions. It is interesting to ntitat the
detailed energy structure down to ~1 keV (espacaibund
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Fig. 7. Computed (a) Total=Collided+Uncollided, aft) Un-collided
Outgoing Current Spectra fo€onfiguration MOX (softer spectrum) and
Configuration U-METAL (harder spectrum).

the large 2.8 keV Na-23 and 28 keV Fe-56 scattering
resonances) is preserved though.

The intensity of the total uncollided current is thie order
of 10° neutrons ¢ s*, which is about an order of magnitude
lower than the total beam intensity at the chanei.
Regarding the intensity of the outgoiggmma-ray current at
the end of the channel, it is on the order offitibtons cnf s
! a relatively high value which will require apprize
shielding and proper discrimination in the detattgstem.

In Fig. 4b and Fig. 5b, the harder spectrum ofuhanium
metal system@onfiguration U-METAL), compared with the
plutonium oxide system Qpnfiguration MOX), is clearly
visible at the beginning of the beam, but much Essat the
channel exit (Fig. 7a).

In order to appreciate this difference better, tlutgoing
current of uncollided neutrons has been plotte&iqm 7b, at
the exit of the channel.

In Table Ill, the fractions of outgoing neutronsear
compared over three energy intervals: thermgak(Es eV),
epithermal (0.5 eV<f<10 KeV) and fast (g=10 KeV).

TABLE lIl. FRACTIONS OFTHERMAL, EPITHERMAL AND FAST NEUTRONS IN
THE TOTAL AND UNCOLLIDED OUTGOING CURRENTS

Jlolal \lh/\]lolal Jep{\]lotal Jfas! Jlolal
Totalox 4.07x16 0.28 0.27 0.45
Uncollidedsox ~ 3.48x16  0.02 0.10 0.88
Total, mera, 5.23x16  0.28 0.25 0.46
Uncollided, yera. 2.63x16  0.02 0.05 0.93




It can be concluded from Fig. 7 and Table Il thhe
contribution of scattered neutrons dominates thhtthe
uncollided neutrons at the beam exit by more thaorder of
magnitude, with the consequence that differencesdre
fissile constituents are hardly visiblBifferent geometrical
arrangements could have been considered to mdd#yratio
and achieve a higher proportion of uncollided rangr but
this possibility was not investigated as part df thitial study.

VI. CONCLUSION

In this prospective study, we investigated the fdsuse
of the MASURCA experimental reactor as a fast rubream
source, taking advantage of the unique features kg
flexibility of the facility. Simple spherical modelwere used
to quantify the intensity, energy spectrum, andsiitity of
the directional neutron flux, which would travelarspecially-
arranged radial air-filled channel and exit past Hiological
shield, in the adjacent “accelerator room”, some @. 2.9
meters away from the core outer surface.

Results of numerical

at the channel exit, when the core is operatedid/ thermal
power, corresponding to a central flux of 3.8%teutrons cm
2 g, The corresponding gamma flux level at the chaemé

was found to be about 1photons crif s'. As expected, the

spectrum of the exiting neutrons contains a sigaift
intermediate-energy component, resulting in a lewsgivity
to the core fissile constituents. Indeed, in thedehcsetups
considered, only about 5 to 10% of the neutronthénexiting
beam are uncollided neutrons from the core, therstbeing
neutrons that have undergone scattering collisiongrious
parts of the system.

On the basis of these preliminary findings, we tote that
MASURCA definitely has the potential for delivering
continuous fast neutron beam of some ~idutrons cfs™ in
the accelerator room, 70% of those neutrons hagmergies
in the 10 keV to 5 MeV range. Such a fairly higheimsity
neutron beam could have several applications. Eugtudies
are needed to determine geometrical setups (offe@rcore
position, filters, ...), in which the relative cortttion of
uncollided neutrons would be significantly incredsend
thereby the sensitivity to the core fissile constitts
improved. As part of these studies, fast neutre@cspmetric
techniques will be investigated, capable of prawda high
energy resolution characterization of the beam.

ACKNOWLEDGMENTS

We thank the Laboratoire d’Etudes de Physique ®fGEA
Cadarache (CEA-DEN/CAD/DER/SPRC/LEPh),

assistance.

simulations show that a neutro
current on the order of ~4 4f@eutrons ¢ s? can be reached

This work has been carried out thanks to the supifdhe
A*MIDEX grant (n°ANR-11-IDEX-0001-02) funded by the
French Government « Investissementsd’Avenir » @wgr

REFERENCES

[1] G. Bignan, et al., “Experimental Reactor Physicgspectives in
France”, PHYSOR'08: International Conference on Bieysics of
Reactors 'Nuclear Power: A Sustainable Resoura&z&land, 2008.

F. Mellier (Co-ordinator), “The MUSE experimentsr fsub critical
neutronics validation”. Final report of the EU-sopjed project MUSE,
Contract No: FIKW-CT-2000-00063, 2005.

Fourth-generation Sodium-cooled Fast Reactors — HR®TRID
Technological Demonstrator, Online CEA Report:
http://www.cea.fr/content/download/131897/244 95l Ath-
generation-sodium-cooled-fast-reactors.pdf, DecerRb&2.

W. Assal, J. C. Bosq and F. Mellier, "Experimeifiasurements at the
MASURCA Facility," IEEE Trans. Nucl. Sci., vol. 58p. 6, pp. 3180-
3188, Dec. 2012.

J. F. Lebrat, et al., “Global Results from Deteristic and Stochastic
Analysis of the MUSE-4 Experiments on the Neutrero€ Accelerator-
Driven System”, Nuclear Science and Engineering, #9-67, 2008.

G. Rimpault, D. Honde, J. Tommasi, J.M. Rieunier, Jcgmin, D.
Verrier, D. Biron, “The ERANOS Data and Code Systéon Fast
Reactor Neutronic Analyses,” International confeeeron the New
Frontiers of Nuclear Technology: Reactor Physicafety and High-
Performance Computing, PHYSOR 2002, Seoul, Koredolér 2-10,
2002.

J.-C. Trama et al, “Overview of TRIPOLI-4 version Gontinuous
Energy Monte Carlo Code,” International Congress Amvances in
Nuclear Power Plants 2011 (ICAPP 2011), Nice, FeaMay 2-5, 2011.

(2

(3]

(4]

(5]

(6]

especially
Yannick Peneliau and Jean Tommasi, for their tezini



