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IBR-2M pulsed reactor has the most intense neutron flux around world ~1016 n/cm2·sec at the moderator
surface in the peak. It is expected that, IBR-2M reactor will get out of service between 2030–2032. The de-
cision was taken to construct a new pulsed reactor to replace IBR-2M reactor and complement the research
capabilities of the high-flux research nuclear reactor PIK in Russian federation. At the moment, serious work
is underway in FLNP JINR at Dubna to design the NEPTUNE reactor. The NEPTUNE reactor is the first
reactor in the world to use Np-237 as a nuclear fuel, and it is expected that the neutron f lux at the moderator
surface (at the peak and average neutron f lux) will be the highest in the world. This work aims to optimize the
thermal (water) moderator for a new pulsed research reactor NEPTUNE in order to maximize the thermal
and epi-thermal neutron flux and to adjust the neutron spectrum. As a result, four possible dimensions were
proposed to conduct different experiments. And it was suggested to make a chamber which volume and thick-
ness of water can be changed to adjust the neutron spectrum.
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1. INTRODUCTION

At present, neutrons are widely used in the science
of everyday, they used in many fields like health, envi-
ronment, archeology and in physics to investigate nu-
clear interactions, structure and properties of nuclei,
condensed matter including solid states, liquids, poly-
mers, biological systems and chemical reactions. Neu-
trons are produced in high intensity mainly from reac-
tors (steady state or pulsed) or accelerators, then these
neutrons are slowed down to the energy level required
to conduct the necessary experiments. Moderators ad-
jacent to the reactor core or next to targets in acceler-
ators are used in order to thermalize fast neutrons.

The most efficient moderators are those materials
with light nuclei like hydrogen and hydrogen contain-
ing materials, because the fact that neutron loses most
of its energy in one collision with proton than other
materials [1, 2]. In addition to the scattering reaction,
there is also a side reaction takes place in moderator’s
material which is the neutron absorption reaction
which leads to loss of neutron intensity.

Moderator design task includes optimization of
moderator dimensions to achieve the balance between
the two interactions to minimize neutron losses, max-
imize neutron flux and get the needed neutron spec-
trum in extracted neutron beams.

Pulsed mode of neutron source and high-intensity
sources are prospects for increasing the accuracy and
reducing the time of experiments that use neutrons as
neutron activation analysis, neutron diffraction, re-
flection and small angle neutron scattering, etc. [3–6].

FLNP at Dubna, Russia aims to replace the current
operating reactor IBR-2M with a new high-power
fourth generation pulsed reactor NEPTUN by 2030.
As an initial step before the practical realization, is de-
signing and optimizing reactor parameters. An exten-
sive numerical calculations using Monte Carlo (MC)
simulations have been considered in order to stabiliz-
ing the reactor working regime and optimizing neu-
tron parameters [7–9].

This work aims to optimize the thermal (water)
moderator of the fourth-generation neutron source in
Dubna (reactor NEPTUN) to get the higher possible
thermal neutron flux with suitable spectrum in ex-
tracted neutron beams [10, 11].

2. MODEL DESCRIPTION
Reactor NEPTUN is a pulsed reactor which will

use Np-237 as a nuclear fuel for the first time. It has
been proven that critical mass can be formed from
Np-237 which can be used as nuclear fuel in nuclear
reactors [12–14].
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Reactor core of planned reactor NEPTUN is di-
vided into two similar parts between them reactivity
modulator is rotating. Reactivity modulator is a disk of
3.4 meters diameter and 50 mm thickness divided into
sectors and made from stainless steel. These sectors
are filled with neutron moderator from TiH2 and only
one empty sector. When empty sector enters the dis-
tance between two parts of the core, the pulsed power
(and neutron pulse) generates. Around the core there

are neutron reflector mainly from Ni with thickness of
30 cm. Inside the reflector there are 4 moderators con-
sists. Moderators consist of thermal moderator from
water only to get thermal f lux or complex from thermal
and cold moderator to get thermal and cold spectrum.
Around moderator complexes there are Be reflector of
height of 40 cm and thickness of 30 cm to increase the
neutron thermal f lux in moderator [11, 15–18]. The
specifications of reactor NEPTUN are described in
table 1. Fig. 1 shows the plan view section and Fig. 2
shows the elevation view of the whole reactor NEP-
TUNE.

3. METHODOLOGY AND CALCULATION 
TOOLS

Unlike steady state reactors, reactor NEPTUNE is
a pulsed type reactor. Where the reactor power in-
creases over nominal power for a very short time and
then returned to the nominal power. This performance
can be simulated by a three dimensional (3D) contin-
uous energy Monte Carlo neutron transport and bur-
nup code SERPENT-2 by the trans tool. In this paper,
which deals only with optimization thermal modera-
tors, it is not concerned with the pulse effect. The
SERPENT-2.1.32 code was used to simulate the
whole reactor NEPTUNE in order to optimize the
thermal moderators [19]. The new energy deposition
treatment ability of SERPENT-2 was used and im-
proved the quality and accuracy of the results [20].
Joint Evaluated Fission and Fusion neutron cross sec-
tion libraries (JEFF 3.3) was used to collect continu-
ous neutron and photon microscopic cross-section
data. JEFF3.3 thermal neutron scattering sub-library
contains 20 evaluations for 16 materials was used to
collect neutron microscopic cross-sections for cold
moderator materials. The results present full core runs
of 100 million neutron history in criticality source
mode to reduce the statistical uncertainty of thermal

Table 1. Parameters of reactor NEPTUN

Parameter Value

Average Thermal power, MW 15
Pulse frequency, Hz 10
Fuel, critical mass, kg NpN, 540
Inlet/outlet coolant temperature (Liquid Na), °C 390/490
Effective delayed neutron fraction 0.0013
Prompt neutron generation time, ns 9
Effective neutron pulse duration, μs 200–240
Background power, % from average power 2.5–3
Fuel rod diameter, mm 17.3
Fuel column height, mm 410

Density of fuel (NpN), gm/cm3 13.4

Average neutron thermal f lux at the surface of water moderator, 1014 cm–2 s–1 10

Fig. 1. Plane view of reactor NEPTUNE. 1 – extracted
neutron beam, 2 – Be reflector, 3 – Na cooler downcom-
er, 4 – neutron channel, 5 – water moderator, 6 – Al cover,
7 – fuel rods, 8 – reactivity modulator, 9 – control rod
channel, 10 – Ni reflector control rod, 11 – vacuum sector.
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f lux up to ± 0.01034, in cold neutron flux to ± 0.01769
and in absorbed dose to ± 0.00367.

Around the reactor core there are 4 moderators.
The main objective of these moderators is to obtain
thermal or cold neutron flux in the extracted neutron
beams. Up to the present time, its planned to use one
moderator complex provided with cold moderator to
get cold neutrons in 4 extracted neutron channels suit-
able for use in those experiments that need cold neu-
trons and 3 water moderators to get thermal and epith-
ermal neutrons in extracted beams for other experi-
ments like neutron activation analysis.

In this work, optimization of water moderator
complex was done in order to adjust the size of water
for new reactor NEPTUNE to obtain the needed neu-
tron spectrum with the maximum possible needed
neutron flux.

The optimization was done for only one modera-
tor, and neutron flux from moderator surface was cal-
culated in one channel perpendicular to the moderator
surface with a diameter of 4 cm. The new ability of cal-
culating f lux or current through a part of surface which
is available in SERPENT-2 from version 2.1.32 and
on, by using single-bin mesh and cell detector was
used to define the integrated f lux through the outer
surface of moderator and directed to the channel.

First part from this work is dealing with optimiza-
tion the material of thermal moderator. Therefore, the
decision was taken to use ordinary water as a thermal
moderator to shift the neutron spectrum towards ther-
mal spectra.

The second part is to optimize the configuration
(volume) of water moderator in order to adjust the
spectrum and get maximum possible neutron flux.

4. OPTIMIZATION OF WATER MODERATOR
In beams for thermal neutron experiments, water

moderator was placed next to reactor core and at the
beginning of the channel to shift the fast neutrons
from core to thermal spectrum. The water moderator
was placed in an aluminum chamber with a thickness
of 5 mm see Fig. 3, the dimensions of the water cham-
ber are 20 × 10 × (2–10) cm for width, length and
thickness respectively, the change in volume was
achieved by changing the thickness from 2 to 10 cm.

The main purpose of this part is to optimize the wa-
ter volume or water thickness to get the maximum
thermal neutron flux in extracted neutron beam.

4.1. Results and discussion of first step
Fig. 4 represents changes in neutron spectrum with

change in water thicknesses from 2 to 10 cm in thermal
energy range from 10–9 to 10–6 MeV. The peak neutron
flux at thermal point increases with increasing the wa-
ter thickness. The difference between first three peaks
(for curves 2, 3 and 4 cm) is higher than others, which
meaning that 4 cm water is enough to shift most neu-
trons from fast to thermal energy. It can be noted that
4 cm curve also has the highest epi-thermal f lux.

In fig. 4, 8 cm water curve has the highest peak
around the thermal point (it is superimposed on the

Fig. 2. Elevation view of reactor NEPTUNE. 1 – Stainless steel upper reflector, 2 – fission gas camper, 3 – cooling channels,
4 – inside fuel rod Ni ref lector, 5 – NpN fuel column, 6 – control rod channel, 7 – vacuum sector, 8 – reactivity modulator,
9 – Be reflector, 10 – Ni reflector, 11 – water moderator.
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curve of 10 cm), this can be explained on the basis of
competition between elastic scattering and capture re-
action rates as shown in table 2. Table 2 shows that
neutron capture reaction rate increases with increas-
ing in the amount of water, while scattering reaction
rate reaches its maximum at 8 cm water and the differ-
ence between scattering and capture reaction rates
reached its maximum value at 8 cm water thickness.

For 5, 6, 7, 8, 9 and 10 cm water, there is almost no
significant difference in the scattering and absorbing
reaction rates, so we can find the peaks at thermal
point almost superimposed on each other.

From fig. 5 it can be concluded that maximum in-
tegrated neutron flux can be obtained at water thick-
ness of 5.5 cm.

It can be concluded that from fig. 4, 5 and table 2
that

1) to get the highest thermal f lux in extracted neu-
tron beam (within neutron energy interval from 1E-9

to 3E-8 MeV) it is better to choose water thickness of
10 cm regardless of low neutron intensity;

2) to get harder neutron spectrum with good
enough thermal f lux and high epithermal f lux it is bet-
ter to choose water thickness of 4 cm. This spectrum is
more suitable for neutron activation analysis which
need more epithermal neutrons;

3) to get high thermal neutron flux with low epith-
ermal f lux with high enough intensity (intensity al-
most the same as for 4 cm water), it is better to choose
8 cm water thickness;

4) optimum choice to obtain the maximum inte-
grated neutron flux with mixed thermal and epither-
mal neutrons is 5.5 cm water thickness.

5. CONCLUSION
This work contributes to optimize the water mod-

erator to obtain the maximum thermal f lux with suit-
able neutron spectrum. This work also emphasizes the

Fig. 3. Cross section for half reactor core, showing water moderator box. 1 – neutron beam. 2 – Be reflector. 3 – water chamber’s
chamber. 4 – water moderator. 5 – neutron channel. 6 – reactor core.
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SERPENT-2 code ability to analyze complex of mod-
erator for the new research reactor NEPTUNE. The
conclusions are listed as follows:

– Four water moderator’s volumes have been pro-
posed for water moderator to get the appropriate spec-
trum for each experiment.

– It would be a good idea to develop a technology
to change the size of water moderator chamber in or-
der to adjust the appropriate neutron spectrum for
each experiment.

6. FUTURE WORK

The authors intend to compare the effect of differ-
ent reflector materials on the f lux and the reactor pa-
rameters like critical mass, fast neutron generation
time and effective delayed neutron fraction. More-
over, future work will optimize the cold moderator to
get cold neutrons, also will study in deep ortho-hydro-
gen as a cold moderator.
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Импульсный реактор ИБР-2М имеет самый интенсивный в мире поток нейтронов ~ 1016 н/см2·сек
на поверхности замедлителя в пике. Ожидается, что реактор ИБР-2М будет выведен из эксплуата-
ции в период с 2030 по 2032 год. Принято решение о строительстве нового импульсного реактора
для замены реактора ИБР-2М и дополнения исследовательских возможностей высокопоточного
исследовательского ядерного реактора ПИК в Российской Федерации. В настоящее время в ЛНФ
ОИЯИ в Дубне ведутся серьезные работы по проектированию реактора НЕПТУН. Реактор НЕП-
ТУН является первым в мире реактором, использующим Np-237 в качестве ядерного топлива, и
ожидается, что поток нейтронов на поверхности замедлителя (на пиковом и среднем потоке ней-
тронов) будет самым высоким в мире. Данная работа направлена на оптимизацию теплового (водя-
ного) замедлителя для нового импульсного исследовательского реактора НЕПТУН с целью получе-
ния необходимого спектра нейтронов с максимальным потоком тепловых и надтепловых нейтро-
нов. В результате были предложены четыре возможных варианта размеров камеры замедлителя для
проведения различных экспериментов. Было предложено разработать камеру, объем и толщину во-
ды, которые можно было бы менять для корректировки спектра нейтронов.

Ключевые слова: Нептун, импульсный реактор, ИБР-2, нейтрон и замедлитель

DOI: 10.56304/S2304487X22020067

REFERENCES
1. Stogov YU.V. Osnovy nejtronnoj fiziki. Ucheb. posobie

[Fundamentals of neutron physics. Proc. allowance].
Moscow, MIFI Publ., 2008. 204 p.

2. DOE Fundamentals Handbook: Nuclear Physics and Re-
actor Theory. US Department of Energy, 1993.

3. Bondarenko I.I., Stavisskij Yu.Ya. Impul’snyj rezhim
raboty bystrogo reaktora. [Pulse mode of operation of a
fast reactor]. Atomnaya energiya, 1959. vol. 7, no. 5.
pp. 417–420. (in Russian)

4. Shabalin E.P., Pogodaev G.N. K voprosu optimizacii
impul’snogo reaktora na bystryh nejtronah. [On the is-
sue of optimizing a pulsed fast neutron reactor]. Soob-
shchenie OIYAI 2708, 1966. (in Russian)

5. Shabalin E.P. Impul’snye reaktory na bystryh nejtronah
[Pulsed fast neutron reactors]. Moscow, Atomizdat
Publ, 1976, 248 p.

6. Aksenov V.L. Impul’snye reaktory dlya nejtronnyh
issledovanij [Pulsed reactors for neutron research].



192

ВЕСТНИК НАЦИОНАЛЬНОГО ИССЛЕДОВАТЕЛЬСКОГО ЯДЕРНОГО УНИВЕРСИТЕТА “МИФИ”  том 11  № 2  2022

HASSAN et al.

Fizika elementarnyh chastic i atomnogo yadra, 1995,
vol. 26, is. 6, pp. 1449–1474. (in Russian)

7. Anan’ev V.D., Arhipov V.A., Babaev A.I. Energetich-
eskij pusk impul’snogo issledovatel’skogo reaktora
IBR-2 i pervye fizicheskie issledovaniya na ego puch-
kah [Power start-up of the IBR-2 pulsed research reac-
tor and the first physical studies on its beams]. Atom-
naya energiya, 1984. vol. 57, no. 4, pp. 227–234. (in
Russian)

8. Aksenov V., Ananyiev V., ShabalinE. Repetitively
pulsed research reactor IBR-2: 10 years of operation.
Proc. of the Topical Meeting on Physics, Safety and Appli-
cations of Pulse Reactors. Washington, 1994. P. 111.

9. Anan’ev V., Babaev A.I., Vinogradov A.V. i dr. Energe-
ticheskij pusk modernizirovannogo reaktora IBR-2
(IBR-2M). [Power start-up of the modernized reactor
IBR-2 (IBR-2M]. Soobshchenie OIYAI. Dubna, 2012.
pp. 13–42. (in Russian)

10. Aksenov V.L., Shabalin E.P. Concept of the Fourth-
Generation Neutron Source in Dubna. Journal of Sur-
face Investigation: X-ray, Synchrotron and Neutron Tech-
niques, 2018, vol. 12, no. 4, pp. 645–650.

11. Shabalin E., Aksenov V.L., Komyshev G.G. et al. Nep-
tunium-Based High-Flux Pulsed Research Reactor.
Atomic energi, 2018, vol. 124 (6), pp. 364–370.

12. Sanchez R. et al. Criticality of a 237Np Sphere. Nuclear
Science and Engineering, 2008, vol. 158, no. 1, pp. 1–14.

13. Loaiza D.J., Sanchez R. Analysis on the 237 Np sphere
surrounded by 235 U shells experiment. JAERI-Conf

2003-019 2003: Los Alamos National Laboratory, Los
Alamos.

14. Loaiza D., Stratton W. Criticality Data for Spherical
235U, 239Pu, and 237Np Systems Reflector–Moder-
ated by Low Capturing-Moderator Materials. Nuclear
Technology, 2004. vol. 146, no. 2, pp. 143–154.

15. Aksenov V.L., Shabalin E.P. Concept of the Fourth-
Generation Neutron Source in Dubna. Journal of Syr-
face Investigation: X-ray, Synchrotron avd Neutron Tech-
niques, 2018, vol. 12. is. 4, pp. 645–650.

16. Shabalin E.P., Hassan A.A., Rzyanin M.V., Podle-
snyj M.M. Sposob snizheniya urovnya kolebanij-
moshchnosti v impul’snom reaktore “Neptun” [A
method for reducing the level of power f luctuations in
the pulsed reactor “Neptune”]. Pis’ma v ECHAYA,
2021, vol. 18, no. 3, pp. 283–296. (in Russian)

17. Hassan A.А., Shabalin E.P. Fourth Generation Neu-
tron Source in Dubna,“Solution of Pulse Power Fluc-
tuation Problem”. Physics of Atomic Nuclea, 2021,
vol. 84, no. 3, pp. 227–236.

18. Aksenov V.L. et al. Research Reactors at JINR: Look-
ing into the Future. Physics of Particles and Nuclei,
vol. 52, is. 6, pp. 1019–1032.

19. Leppänen J. et al. The Serpent Monte Carlo code: Sta-
tus, development and applications in 2013. Annals of
Nuclear Energy (Oxford), 2015. vol. 82, pp. 142–150.

20. Tuominen R., Valtavirta V., Leppänen J. A new energy
deposition treatment in the Serpent 2 Monte Carlo
transport code. Annals of Nuclear Energy (Oxford),
2019, vol. 129, pp. 224–232.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /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 false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


