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Progress in the development of the neutron flux 
monitoring system of the French GEN-IV SFR: 

simulations and experimental validations. 
C. Jammes, P. Filliatre,  Zs. Elter, V. Verma, G. de Izarra, H. Hamrita, M. Bakkali, N. Chapoutier, A-C. Scholer, 

D. Verrier, C. Hellesen, S. Jacobsson Svärd, B. Cantonnet, J-C. Nappé, P. Molinié, P. Dessante, R. Hanna, 
M. Kirkpatrick, E. Odic, F. Jadot     

 Abstract– The neutron flux monitoring system of the French 
GEN-IV sodium-cooled fast reactor will rely on high-
temperature fission chambers installed in the reactor vessel and 
capable of operating over a wide-range neutron flux. The 
definition of such a system is presented and the technological 
solutions are justified with the use of simulation and 
experimental results. 

I. INTRODUCTION 

RANCE has a long experience of about 50 years in 
designing, building and operating sodium-cooled fast 

reactors (SFR) such as RAPSODIE, PHENIX and SUPER 
PHENIX. Fast reactors feature the double capability of both 
reducing nuclear waste and saving nuclear energy resources 
by burning actinides. Since this reactor type is one of those 
selected by the Generation IV International Forum, the French 
government asked, in the year 2006, CEA, namely the French 
Alternative Energies and Atomic Energy Commission, to lead 
the development of an innovative GEN-IV nuclear-fission 
power demonstrator. The major objective is to improve the 
safety and availability of an SFR.  

In this paper, we show that the architecture of the neutron 
flux monitoring (NFM) system will rely on in-vessel high-
temperature fission chambers (HTFC) featuring wide-range 
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flux monitoring capability based on the higher order 
Campbelling method. The definition of such a system is 
presented and the technological solutions are justified with the 
use of simulation and experimental results. 

II. SYSTEM DEFINITION AND DESIGN 

A. Application of systems engineering methodology 
The NFM system is one of the important measurement 

systems in order to insure a high level of both nuclear safety 
and power plant availability.  

One recalls that the main objective of nuclear safety is the 
achievement of proper operating conditions, prevention of 
accidents and mitigation of accident consequences, resulting 
in protection of workers, the public and the environment from 
undue radiation hazards [1].  

In systems engineering, the availability of a system is its 
ability to be ready to achieve its required mission in defined 
operational conditions, assuming that required resources and 
existing support means are present [2]. In order to comply 
with this key operational requirement, the NFM system has to 
be both reliable and maintainable, that is capable of achieving 
a continuous mission and undergoing modifications and 
repairs, respectively. A system with these capabilities is said 
to feature dependability. In addition, the nuclear safety of a 
nuclear reactor is actually another dependability requirement, 
which is called innocuity in systems engineering [2]. 

The definition and design of the NFM of the French GEN-
IV SFR is being conducted in accordance to the methodology 
of systems engineering. This is an iterative process that is 
composed of three main activities [2]: 

• Definition of technical requirements: analysis and 
translation of end-user expectations into consistent and 
exhaustive technical requirements. 
• Definition of logical architecture: definition of the 
elements constituting the functional, behavioral, temporal 
views of the system (functions, input-output flows, modes, 
transitions, triggers, etc.), and of their arrangement. 
• Definition of physical architecture: definition of the 
elements constituting the physical view or architecture of the 
system (system elements/components, physical interfaces, 
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connectors, etc.), and of their arrangement 
architecture. 

B. Main functional requirements 
The main functions of the NFM system ar

control and power level monitoring from start
It is also required to monitor possible change
distribution within the core region in order
local melting accident.  

C. Requirements for integration 
The neutron detectors will have to be ins

reactor vessel because locations outside the v
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detectors under the vessel is not feasible due t
a core-catcher that prevents from inserting n
this region; (ii) The lateral and upper neutron
of which is to limit the damage and radiologi
neutrons outside the core, will also dramatic
neutron flux amplitude, making thus diffic
detection outside the vessel itself above or by
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Another important point is to limit the num
detectors in order to impact the mechanical 
as possible, and to alleviate their installation a

At the present stage of the French GEN-
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core outlet temperature sensors.  A few H
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above the fuel assembly heads. A limitation o
that the ACS moves with the rotating pl
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is the one within the core support structure 
advantages of the CSS region are the follow
fixed structure and thus the HFTCs could
serviceable even during fuel handling operat
no neutron absorbing material along the neu
(iii) The sodium temperature is lower and st
limitation of this location comes from the di
HTFC and their appropriate guide-tubes. 

III. NEUTRON TRANSPORT SIMULA

Neutron-transport calculations allow us to
most appropriate regions for HTFC installa
interest are located inside the vessel, out of 
the neutron shield. 

A. Neutron transport modelling  
To calculate particle propagation over a lo

many decades of attenuation, a Monte Car
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transport codes can be used in two modes: 
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following paper, only the TRIPL
presented. 

Prior to any TRIPOLI-4 calculat
the detector locations has to be gene
used ROOT data analysis and v
together with classes of templates 
programming language. This approa
for building the geometry, and it is 
dealing with complex geometry.  
As shown in [7] and [8], the re
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calculation time. The large size of th
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B. In-vessel regions of HTFC installations 
The neutronics studies for the HTFC inst

and CSS regions (Sect. II.C) were perfo
assumption that the reactor operate at full po
are summarized as follows: 

1) The detector responses results in th
confirm that this location is a good cand
installation. The power operation and even th
the flux distribution due to an inadvert
withdrawal (IRW) could be monitored and de
As an example, Fig. 2 displays the deviatio
chambers responses at the bottom of the AC
withdrawal of a peripheral control rod.  

 

Fig. 2. Fission chamber responses at the bottom of the
(ACS). The detector responses reflect the change in th
the core region due to an inadvertent control rod withdr
assemblies in red surround the control rod. They are the
change in flux. 

 
 

Fig. 3. Neutron importance map of the core. The h
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IV. HTFC DEVEL
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A. HTFC modeling 
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B. Physical design 
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Fig. 6. Axial cross section of the new HTFC structure
 
 Fig. 6 shows the new structure of this 

designed to take into account the differenc
material thermal expansion coefficient 
dimensions. The main characteristics of these
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• An outer diameter of 48 mm. 
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• A sensitive length of 210 mm. 
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high temperature. 
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C. Impact of partial discharges 
The HTFC fissile layer is subject to part
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In addition, the effect of temperat
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Fig. 8. Experimental discrimination of neutron pulses from partial 

discharges. 
 

the half maximum) of the collected pulses. The distribution 
has two well separated peaks. The peak related to the longer 
width can be identified with the neutron pulses (since the 
results match the date provided by Photonis). It was assumed 
that pulses with shorter width are created by the partial 
discharges. This was verified through measurements without 
neutron flux.  

The partial discharges distribution shows that the mean 
half-height width is about 30 ns. We have verified this latest 
distribution with the same chamber but without neutron flux. 

Despite the apparent similarity between the two types of 
pulses, we have shown that we are able to discriminate these 
partial discharge pulses of those produced by the fission 
products in the HTFC using the half-height width of the 
measured pulses. 

V. SIGNAL PROCESSING DEVELOPMENT 
The fission chambers traditionally operate in three different 

modes (namely the pulse, the Campbelling and the current 
mode for low, middle-high and high count rates respectively). 
These operational modes require different electronic systems 
hence resulting a deficiency of robustness. Recently it was 
shown that the overlap of these modes is not necessarily 
guaranteed. For the newly developed NFM a unified mode is 
proposed via the higher order Campbelling methods. 

A. High-order Cambelling method 
The fission chamber signal is described by a filtered 

Poisson process. One recalls that the Campbelling mode of 
such signal is based on the signal variance, which is the 
second-order cumulant as well. The generalization of this 
method gives proportionality between the higher order 
cumulants of the signal and its count rate s0: 

 
      (1) 

 
where the proportionality is given by a coefficient including 
the raw moments of the amplitude distribution w(x) and the 
integral of the pulse shape f(t). Hence the application of 
Higher order Campbelling methods essentially means the 
measurement of the higher order cumulants n. [22], [23]. 

 

 
Fig. 9. Noise rejection and linearity of HOC methods (in presence of 

Gaussian white noise) 
 
It was shown through numerical simulations that the 

application of the third order Campbelling mode is reliable 
and can guarantee linear estimation over a wide count rate. It 
can also sufficiently reject the impact of electronic noise and 
suppress the impact of pulses not originating from neutron 
events (Fig. 9). 

Due to the relatively fast convergence of the third order 
cumulant estimation the monitoring of transient events with 
HOC modes is also reliable.  

Campbelling mode based on the third-order cumulant will 
permit to ensure the HTFC response linearity over the entire 
neutron flux range using a signal processing technique that is 
simple enough to satisfy design constraints on electric devices 
important for nuclear safety. 

B. Experimental calibration 
An experimental campaign devoted to the required 

calibration process of HOC method was also carried out at the 
MINERVE facility. The calibration implies the determination 
of the proportionality coefficient, therefore the determination 
of the pulse shape and the pulse amplitude distribution in 
Eq. (1). 

Our experimental setup consisted of a current-sensitive 
CFUL01 fission chamber placed in the reflector zone of the 
MINERVE reactor. The CFUL01 is a fair representation of the 
HTFC. The fission chamber was connected to a wide range 
pre-amplifier. Then, the output signal was digitized at high 
sampling frequency during a large time span with an advanced 
digital oscilloscope.  

At low reactor power levels pulses were collected 
separately. Even at low power there is a small possibility to 
measure pileup events, hence during the post processing of the 
results the pileup events were found and these events were not 
taken into account during the determination of the calibration 
coefficient. These results provided information about the 
amplitude distribution of the pulses hence the raw moments of 
this distribution. Based on the collected pulses the mean pulse 
shape was also defined. This information enabled us to 
determine the calibration coefficients summarized in Table 1. 

At medium and high power levels longer signals were 
collected. At medium levels the pulses moderately overlap. 



 

  
TABLE I. FISSION CHAMBER CALIBRATION COE

 
CUMULANT ORDER CALIBRATION COEFFIC

 2  9.74·10-19  
 3  5.40·10-24  
 4  3.76·10-29 

 
 
 

Fig. 10. Experimental validation of HOC technique lin
 

As a result, counting them separately is 
estimate the count rate of the signal. T
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HOC mode. 

 As one can see in Fig. 10, the Campbellin
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low count rates.  It is also shown that the
provides a linear estimation of the count rate
levels as well. Hence the application of the 
reliable. 

 

C. Electronic implementation 
The electronic system design must me

requirements such as temperature stability,
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Fig. 11.Functional flow-block diagram of 
in a FPGA circuit. The digitized input signal 
to estimate 2 and 3  cumulants. Each opera
cycle: exponentiation, summation and divisi
the use of an accumulator that consists of an 
by N=2m is carried out by a shift operator. 

 
input signal is supposed to be cen
valued. The digitized input signal o
order to estimate 2 and 3 cumulan
centered, the processing is similar to
which are actually two power series

 

 

VI. CONCLUSION AND 

The development of the neutron 
system is still in progress. At presen
logical and physical architectures a
dependability of the whole system 
architecture will thus have to be 
Other important points to the NFM
power calibration and the validatio
power calibration will be based on
balance and an innovative spec
fluorine 20 that is an isotope produ
In order to perform the qualificati
system, we have recently initia
functional and stress tests in the JOY
tests will be defined and performed 
Japanese Atomic Energy Agency (JA

ACKNOWLEDGM

The study was performed in the 
collaboration on the instrumentati
cooled fast reactors between Chal
and CEA with support from the S
The authors are also grateful to ARE
to this work and support within the T

REFERENCE

[1] IAEA, IAEA Safety Glossary - Termin
radiation protection, 2007th ed., IAEA,

[2] A. Faisandier, "Systems Architecture a
Architecting Multidisciplinary Systems

[3] X-5 Monte Carlo Team, "MCNP - A G
Transport, Version 5," LANL, Los Ala

 
f HOC method to be implemented 

of length N is processed in order 
ation is executed within one clock 
ion. The summation is done with 
adder and a register. The division 

ntered, that is zero-mean-
of length N is processed in 
nts. Given that the signal is 
o computing two moments, 
: 

     (2) 

PERSPECTIVES 
flux measurement (NFM) 
nt, the main features of the 
are defined. However, the 
is not matured enough. Its 
enhanced to this purpose. 
M system are the neutron 
on/qualification tests.  The 
n both a standard thermal 
ctrometry monitoring of 

uced by sodium activation. 
ion program of the NFM 
ated the preparation of 
YO facility in Japan. These 
in tight collaboration with 

AEA). 

MENT 
framework of an on-going 
on and safety of sodium 
lmers, Uppsala University 
wedish Research Council. 
EVA for their contribution 
TECNA project. 

ES 
nology used in nuclear safety and 
, Ed. Vienna, Austria, 2007. 

and Design - Engineering and 
s Volume 3," Sinergy'Com, 2013.

General Monte Carlo N-Particle 
amlos, NM, USA, LA-UR-03-



 

1987, 2003. 

[4] C. M Diop et al., "TRIPOLI-4: a 3D continuous-energy Monte Carlo 
transport code," in PHYTRA1: First International Conference on 
Physics and Technology of Reactors and Applications, Marrakech, 
Morocco, 2007. 

[5] C. Jammes et al., "Neutron flux monitoring system of the French GEN-
IV SFR: Assessment of diverse solutions for in-vessel detector 
installation," Nucl. Eng. and Design, vol. 270, p. 273, 2014. 

[6] R. Brun and F. Rademakers, "ROOT, an object-oriented data analysis 
framework," Nucl. Instrum. and Meth. A, vol. 389, p. 81, 1997. 

[7] V. Verma, C. Hellesen, and C. Jammes, "Detectability of U-235 fission 
chambers in case of inadvertent control rod withdrawal in a French 
sodium-cooled fast reactor," in International Youth Nuclear Congress 
(IYNC2014), Burgos, Spain, 2014. 

[8] V. Verma, C. Jammes, C. Hellesen, P. Filliatre, and S. Jacobsson Svärd, 
"Monte Carlo criticality mode limitations for the study of the French 
GEN-IV SFR neutron flux monitoring," Submitted to Ann. Nucl. 
Energy. 

[9] P. Filliatre, C. C. Jammes, B. Geslot, and L. Buiron, "In vessel neutron 
instrumentation for Sodium-cooled fast reactors : type, lifetime and 
location," Ann. Nucl. Energ., vol. 37, p. 1435, 2010. 

[10] A. Tsilanizara and C. M. Diop, "DARWIN: an evolution code system 
for a large range of applications," J. Nucl. Sci. Technol., vol. 37, p. 845, 
2000. 

[11] P. Filliatre, L. Oriol, C. Jammes, and L. Vermeeren, "Reasons why 
Plutonium 242 is the best fission chamber deposit to monitor the fast 
component of a high flux," Nucl. Instr. and Meth. A, vol. 593, p. 510, 
2008. 

[12] P. Filliatre, L. Oriol, C. Jammes, and L. Vermeeren, "Joint estimation of 
the fast an thermal components of a high neutron flux with a two on-lin 
detector system," Nucl. Instr. and Meth. A, vol. 603, p. 415, 2009. 

[13] C. Jammes, P. Filliatre, P. Loiseau, and B. Geslot, "On the impact of the 
fissile coating on the fission chamber signal," Nucl. Instr. and Meth. A, 
vol. 681, p. 101, 2012. 

[14] S. Chabod, "Saturation current of miniaturized fission chambers," Nucl. 
Instr. and Meth. A, vol. 598, p. 578, 2009. 

[15] P. Filliatre, B. Geslot, C. Jammes, and V. Lamirand, "Experimental 
study of columnar recombination in fission chamber," unpublished. 

[16] P. Filliatre, C. Jammes, B. Geslot, and R. R. Veenhof, "A Monte Carlo 
simulation of the fission chambers neutron-induced pulse shape using 
the GARFIELD suite," Nucl. Instr. and Meth. A, vol. 678, p. 139, 2012.

[17] C. Jammes et al., "Research Activities in Fission Chamber Modeling in 
Support of the Nuclear Energy Industry," IEEE Trans. Nuc. Sci., vol. 
57, p. 3678, 2010. 

[18] B. Geslot et al., "New measurement system for on line in core high-
energy neutron flux monitoring in materials testing reactor conditions," 
Rev. Sci. Instr., vol. 82, p. 033504, 2011. 

[19] P. Filliatre, L. Vermeeren, C. Jammes, B. Geslot, and D. Fourmentel, 
"Estimating the gamma-ray contribution to the signal of fission 
chambers with Monte Carlo simulations, soumis à," Nucl. Instr. and 
Meth. A, vol. 648, p. 228, 2011. 

[20] J-P. Trapp, S. Haan, L. Martin, J. Perrin, and M. Tixie, "igh temperature 
fission chambers: State-of-the-art," in Proc. Specialists' Meeting, In-
Core Instrumentation and Core Assessment, Mito-shi, Japan, 1996. 

[21] C. Jammes, P. Filliatre, B. Geslot, T. Domenech, and S. Normand, 
"Assessment of the high temperature fission chamber technology for the 
French fast reactor program," IEEE Trans. Nucl. Sci., vol. 59, p. 1351, 
2012. 

[22] L. Pál, I. Pázsit, and Zs. Elter, "Comments on the stochastic 
characteristics of fission chamber signals," Nucl. Instrum. and Meth. A, 
vol. 763, p. 44, 2014. 

[23] Zs. Elter, C. Jammes, I. Pázsit, L. Pál, and P. Filliatre, "Performance 
investigation of the pulse and Campbelling modes of a fission chamber 
using a Poisson pulse train simulation code," Nucl. Intrum. and Meth. 
A, vol. 774, p. 60, 2015. 

[24] J. Leppänen, "Performance of woodcock delta-tracking in lattice 
physics applications using the SERPENT Monte Carlo reactor physics 

burnup calculation code," Ann. Nucl. Energy, vol. 37, p. 715, 2010. 

[25] J. Leppänen, "Development of a new Monte Carlo reactor physics 
code," Helsinki University of Technology, Helsink, D.Sc. Thesis 2007. 

[26] J. Ruggieri, J. Tommasi, and J. Lebrat, "ERANOS 2.1: International 
code system forGEN IV fast reactor analysis," in International Congress 
on Advances in Nuclear Power Plants (ICAPP 2006), Reno, NV, USA, 
2006. 

[27] F. Gauché, "Generation IV reactors and the ASTRID prototype: lessons 
from the Fukushima accident," Comptes Rendus Physique, vol. 13, p. 
365, 2012. 

[28] Python software foundation. Python. [Online]. https://www.python.org/

 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


