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Instability of OTSG in movable NPP by using multivariable frequency
domain method
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Abstract The instability occurring in OTSG (Once-Through Steam Generator) of movable nuclear power plants is

presented by a multivariable frequency domain theory. As concerning coupling interactions of OTSG tubing, it is

more efficient for analyzing the instability of OTSG compared the common single variable method. A mathematical

model for the system is derived from the fundamental equations by using the perturbation, Laplace-transform and the

nodalization techniques. The stable boundary and parameters which influence the stability of the system are evaluated

through computer simulation. Numerical examples are given in the paper and the predictions of the model agree with

the experimental results well.
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1 Introduction

Two-phase flow instability is usually considered in
many industrial systems and equipment because it may
cause flow excursions or oscillations of flow and
thermal parameters. The undesirable flow instability
may result in sustained flow oscillations and boiling
crisis, and induce boiling crisis and wall temperature
oscillation that may eventually lead to tube disrepair

due to thermal fatigue[l]

, affecting safety of the
systems and equipment directly. For a movable NPP
(Nuclear Power Plants) operating at low pressures (<

3MPa), the two-phase flow instability occurring in

OTSG (Once- Through Steam Generator) is vulnerable.

Studies on mechanism of the two-phase instability are
important for designing and operating a movable NPP.

Researches in two-phase flow stability have
been focused on a single channel of OTSG, while Lee

et al.

reported a single-variable frequency-domain
model, which neglected the reciprocal influences
between heat transfer tubes and external loop. On the
other hand, the coupling effect plays an important role

in the OTSG under certain conditions. However, the

model of three parallel channel systems obtained by
Romberg"! using electrical network theory does not
include the primary and secondary side fluids.

In this paper, we propose a new method, based
on the multivariable frequency-domain theory, for
investigating the flow instability of a multi-channel
system, such as OTSG in a movable NPP. We focus
on the Density Wave Oscillation (DWO), the most
common type of thermal-hydrodynamic instability.
The transfer matrix of the multi-IO (Input and Output)
is obtained using linear perturbation theory and
Laplace transformation, and system stability is
Stability ~ Criterion of
multi-variable frequency-domain control theory. The

determined by Nyquist

results show that the multivariable frequency-domain
theory is suitable for OTSG concerning bi-influence of
the tubes and it explains some instability phenomena
in a multi-channel system.

2  Mathematical model

Fig.1 is a schematic diagram of the secondary side
loop in OTSG. The heated section of every channel
can be divided into three regions (Fig. 2): the preheat,
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two-phase and superheat regions. Because of the
non-uniform distribution of heat flux in the whole
channel, each region is subdivided axially into small
control volumes, in which some factors are assumed to
be uniform, such as heat flux profile and heat transfer
coefficient. The primary side and tube wall is
Fig.3
schematically a control volume, where 7, w, A, and P

considered as lumped parameters. shows

represent the temperature, flow rate, enthalpy and

pressure, respectively.
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Fig.1 Schematic diagram of the OTSG.
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Fig.3 Schematic diagram of a control volume.

2.1 Fundamental equations

The dynamics of two-phase flow is analyzed by the
equations based on the following assumptions, (1)
subcooled boiling can be neglected; (2) thermo-
dynamic equilibrium is established between the two
phases; (3) the drift-flux model is used to describe the
flow in the two-phase region; (4) compressibility of
liquid in a single phase region can be neglected; and (5)
densities for the saturated liquid and vapor in the
two-phase region are constant

Then, the conservation equations are expressed

as follows >3/,

2.1.1 Single-phase region

For the one-dimensional incompressible flow in a
single phase region, the conservation equations for
mass, energy and momentum are Eq. (1), (2) and (3),

respectively.
ouldZ=0 (D
Oh/ot+udh/oZ=q,"(pLA) (2)

—(1p1)OPI6Z=0uldt+uduldZ+fi/2Dy+g  (3)

where, u, & and P are velocity, enthalpy and pressure,
respectively; Py, 4., D and pp are respectively wet
perimeter, flow area, hydraulic diameter, and liquid

’

density; and g, f and ¢," are gravity acceleration,
friction factor and wall heat flux, respectively, for a
given geometry.

2.1.2 Two-phase region

To account for the relative motion between the phases,
the drift-flux formulation, derived by Zuber 4 is used.
For mass conservation of the vapor phase,

O(apg)/ot + O(apgug)/Oz = Iy 4
where 7 is the production rate of gas phase. For mass
conservation of the mixture,

Opm/Ot + O(Pmm)/0z = 0 %)
For energy conservation of the mixture,

Pm(Chn/Ot + unmOhy/0z) =
qw""Pw/A—OP/0t—0[(pL—pm) V’gizhg/ (pmAp))/0z  (6)
For momentum conservation of the mixture:

Pm(Oun/0t + unmOuy/0z) = —OP/0z
~0{(pLpop1peV s [(pm—pe)pml }/OZ 010z g (7)
where, subscripts L, g and m denote liquid phase, gas
phase, and mixture, respectively.
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2.1.3 Dynamics of heat wall
The heat conduction equation of heater wall can be
written for cylindrical geometry as,

(1/r)o(roTy/or)/or = (1/k)OT /ot ra<r<ry ®)
where, T and k are temperature and thermal diffusivity
of the tube, respectively. The heat flux ¢" in Egs.(2)
and (6) can be related to dynamics of the tube wall by,

q"w = A0TYOr|=ra = aw(T=Ty) ®
where, 4 is conductivity of the tube wall, o, is the heat
transfer coefficient, and T is temperature in the wall
surface.

2.2 Transfer matrix equations

All the equations for every control volume are
perturbed with respect to time, linear and Laplace
transform into frequency-domain to yield transfer
function relationships between various parameters.
After rearranging, the transfer matrix equations of the
control volumes can be obtained. The multiple
coupling relations in the matrix equations is shown in
Fig.4, where G1(s), G,(s) and G;(s) are all 2x2 transfer
function matrices, Gu(s) is a 4x4 transfer function
matrix, ¢"” is the heat flux through the tube wall, f; and
f> are parameters of representing the feedback effects
of heat transfer coefficient and fluid temperature in
both sides. Subscripts 1, 2 and w denote primary side,
secondary side and tube wall, respectively.
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Fig. 4 Feedback relations in a control volume.

The transfer matrix equations of control
volumes of preheat and superheat regions can be
obtained similarly. The transfer matrix equations of
every control volume of every channel, together with

all the boundary condition equations can be
manipulated into transfer matrix equations as,
W = O(s)OAP (10)
OAP = 0AR — F(s)oW an

where, W, 0AP, and 6R are the perturbation vectors
of flow rate at the inlet of every channel, the external
input perturbations, the pressure drop in preheat region,
respectively; Q(s) and F(s) are the system matrices. A
standard feedback configuration of multivariable
system is shown in Fig.5.
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Fig. 5 Transfer function matrix model of OTSG.

3 Stability analysis method

The closed-loop characteristic polynomial p.(s) of the

system can be expressed as 5]

pe(s) = po(s)detD(s) (12)
where, p(s) is the open-loop characteristic polynomial,
D(s) is the return-difference matrix, and its
determinant can be expressed as

detD(s)—det[I;+Q(s)F(s)] (13)

where, I, is a unit matrix of order K and K is the
number of the channels. The determinant in Eq.(13)
can be easily calculated because the Q(s) is a diagonal
matrix and F(s) is a symmetric matrix.

Based on the Nyquist stability theorem of
multivariable system (6] the operating state of the flow
system is stable if and only if

Ny = P, (14)
where, Ny is the anticlockwise encirclement of the
origin by the Nyquist locus of detD(s) as s traverses
the standard Nyquist contour in clockwise direction,
P, is the total number of right-half plane poles of
QO(s)F(s). It can be shown that P, is equal to zero.

According to the generated Nyquist stability
criterion !'!
be obtained

, another form of the stability criterion can

SN=F, (15)

=
Eq.(15) can be stated in the following way. The
system in Fig.5 will be closed-loop stable if, and only
if, the net sum of anticlockwise encirclements of the
critical point (—1,j) by the set of characteristic loci of
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Q@s)F(s) or F(s)Q(s) is equal to the number of
right-half plane poles for the open-loop system.

A computer program was developed for the
calculation, which is based on the mathematical model
and the stability analysis method described above. The
computer code can be used to predict the stability
behavior of OTSG and other multi-channel boiling
flow system, and to study effects of changes in system
parameters and the coupling interactions of the system.

4  Results and discussion
For the OTSG, we assume that the inlet or exit
pressure for each channel are equal to the common
inlet or exit headers pressure, and the inlet enthalpy is
held constant. Therefore, the characteristic equation
can be obtained from the Eq.(13)

Fy(s)~keF1(s) = 0 (16)
where
ke= K ke (17)
ke = — SAP/SW, (18)
K
F(9)=I[1+Y,(s)/X,(5)] (19)
and
K K
Fys)=L{[VX,6)])- g[l+Yn(s)/xn(s)]}/K (20)

and Xi(s), Yi(s), i={1,2,-**,K}, are transfer functions of

pressure drop perturbation versus flow rate
perturbation of the k™ channel, and they can be
calculated from the transfer function matrices of
control volumes of the channels.

The parameter k¢is related to the number of the
channel K and the slop of the external characteristic
curve k, Therefore, k; represents the effects of
coupling interactions between channels and other parts
of the loop. For the reason, ks may be called “coupling
factor”. There are three special cases of Eq. (13) with
regard to ks

1) k=0

In this case, the coupling effects are negligible
and Eq. (13) can be simplified to

Fi(s)= 0 (21)
Eq.(21) is equivalent to

1+ Yi(s)/X1(s) =0

1+ Ya(s)/Xa(s) =0 (22)

1 + Yi(s)/Xi(s) =0

The system is stable if and only if the Nyquist
plots of every equation above don’t encircle the
critical point(—1, jo), that is

K
YN, =P, (23)
=1

where V; is the clockwise encirclements of the origin
by the Nyquist plot of Yi(s)/Xi(s). In this case the
problem of multi-channel can be splited to that of
single channel. The stability criterion of Eq. (23) can
easily be gotten from Eq. (15) because Q(s) and F(s)
are both diagonal matrices when the coupling effects
are not present.

2) kg=

When the external characteristic curve is very
hard, the value of k;becomes very large (Fig.6). In this
case, Eq. (16) can be simplified to the form

Fx(s5)=0 (24)

»
»

Kp= o0
(Volumetric pump)

k=0
(Centrifugal pump)

Ko= constant

Pressure Difference, A P,

>

Flow Rate, W;

Fig.6 External characteristic curve.
Combining Eqs.(20) and (24), and let K=3, the
characteristic equation becomes

H\()H, (s)+ H,(s)H;(s) + H (s)H;(s) =0 (25)

H,(s)=X,(s)+Y,(s), n=123 (26

Eq.(25) is in agreement with the results obtained
by Romberg who used the electrical network theory"™.
In practice, this case means that total flow rate is
approximately constant while the branch flow rate in
different channels exhibit oscillations with phase
observed in

differences. The phenomena were

; [8.9]
experiments = .

3) ks = constant.
When the external curve in vicinity of the
operating point may be approximately replaced by a
straight line (Fig.6), the k¢ take a constant value. If we
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further assume that every channel is identical, the Eq.
(16) can be simplified as following

1+[Y(s)—k,]/ X (5)=0 7)

where X(s)=X1(s)="-"=Xi(s), Y(s)=Y1(s)="-=Yi(s) and
ke=Kk,= constant > 0. Therefore, the stability criterion
can be described as that if the Nyquist plots of Eq.(27)
don’t encircles the critical point the flow in the system
is stable.

Table 1 Geometry and operating parameters.

Tube inner diameter, Dj,,.. /m 0.010
Heated length, L /m 1.5

Tube outer diameter, D, /m 0.013
Pressure, P /Pa 3x10°
Temperature of subcooled inlet, Ty, /°C 0.0-200.0
Mass flow rate, M /kg-m s’ 220

Inlet orifice loss coefficient, ; 0-600.0
Channel power level, O /kW 40-70

As a numerical example, we take the operating
conditions of the experimental set-up in Table 1 for
OTSG"", and predict the stable and unstable boundary
by using the computer code, and the results are

[10], as shown in Fig.7,

compared with experimental data
which is the stability map in the Ahgw/hig and O/(w hyg)
parameters plane, where Ahgy, i, O, and w are the
inlet subcooling (in enthalpy unit), the latent heat, the
heater power and the flow rate, respectively. As the
heat flux increases, the enthalpy rate increases quickly
in the upper part (stable region) of the two parameter
plan but increases slowly in the low part (unstable
region). The predicted stable-unstable curve agrees
with the experimental results.

The inlet subcooling at various coupling factor
simulated by the computer code is shown in Fig. 8. It
can be seen that the effects of inlet subcooling and
coupling factor on stability of the system, where £, is a
measure of the stability margin, and it takes the
absolute value of the distance between the critical
point and cross point at which the locus cross the real
axis. As k¢ increases, the coupling factor &, decreases
first and then increases with inlet subcooling of fluid.
The results show that when the inlet increasing is low,
an increase of the parameter decreases the stability,
while the stability increases with the inlet subcooling
when it is high.

Many experimental results show the similar

(1]

phenomena' . Furthermore, Fig.8 also shows that

changes in coupling factor affect the stability of the
system. Many interesting results can be obtained by
using the computer program and will be reported in

other paper.
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Fig.7 Predicted stable-unstable boundary.
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Fig. 8 Effects of the inlet subcooling and coupling factor k,.

5 Conclusions

The instability of OTSG and parallel multi-channel
system are analyzed by the multivariable method. A
transfer function matrix model is obtained according
to fundamental equations. A general stability criterion
of the OTSG in movable nuclear power plants is
obtained by Nyquist stability of multivariable system.
The computer program developed from the
mathematical model and the analysis method are used
to predict the stability boundary and change of system
parameters, which is in agreement with the
experimental results. The present method enable the
various coupling effects in multi-channel system can

be conveniently included in the model.



HOU Suxia et al. / Nuclear Science and Techniques 21 (2010) 54-59 59

References 22-30.

7 Maeye D. Integr VLSI J, 2009, 42: 61-67.
Munoz J L, Rosello O, Miro R, et al. Ann Nucl Energy
2000, 27: 1345-1371.

9 Lee J D, Pan C. Nucl Eng Des, 2005, 235: 2358-2374.

10 Hou S X, Zhao F Y, Tai Y. Nucl Power Eng, 2008, 5:
43-47.

11 Ruan Y Q, Fu L Z. Proc IFAC, September 16-18,
Philadelphia, 1986, 124—130.

1 Boure J A, Bergles A E, Tong L S. Nucl Eng Des, 1973,
25: 165-172.

2 Lee J D, Pan C. Nucl Eng Des, 1999, 192: 31-44.

3 Romberg T M. Hemisphere Publ Corp. October 5-9,
Washington, 1985, 677-693.

4 Zuber N, Staub F W. Nucl Sci Eng, 1967, 30: 268-276.
Murata H, Sawada K, Kobayashi M. Nucl Eng Des, 2002,
215: 69-85.

6 Aritomi M, Aoki S. Inoue A. Nucl Sci Tech, 1977, 14:



	Instability of OTSG in movable NPP by using multivariable frequency domain method
	1 Introduction
	2 Mathematical model
	2.1 Fundamental equations
	2.1.1  Single-phase region
	2.1.2  Two-phase region
	2.1.3  Dynamics of heat wall

	2.2 Transfer matrix equations

	3 Stability analysis method
	4 Results and discussion
	5 Conclusions



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 true
  /MonoImageMinResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


