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Abstract— Anatomical features and a complex vascular sys-
tem characterize the liver. The blood flow results as a complex 
interaction between fluid, vascular system complex geometry 
and liver functional and structural features. The disease pres-
ence produces pathological changes that may induce hemody-
namic perturbations not only due to geometry modification 
but especially due to liver perfusion alteration. The analysis of 
the blood flow dependence on the geometry variability in phy-
siological condition could emerge in its parameterization and 
quantification. This may eliminate the confusion between 
blood flow modification due to geometry variability in physio-
logical conditions and flow alteration due to pathological con-
ditions or congenital anomalies presence. 

In this paper the analysis focuses on portal vein system and 
consists in blood flow analysis under unsteady-state conditions. 
The study involves the investigation of 12 patients by MRI 
techniques followed by 3-D portal vein system geometry acqui-
sition, blood flow simulations based on mathematical models 
that include constitutive equations describing the hemodyman-
ics and its relations with the deformable vessels wall. The 
computational technique applied to model the blood flow ap-
proaches both the velocity field and the pressure field. The 
vessels wall was considered elastic, coupling in this way the 
vessel/wall deformability problem. 

The blood flow analysis in physiological conditions enables 
the improvement of understanding of the complex blood flow 
behavior in the portal vein system; enables to identify critical 
information and to parameterize the domain of normal portal 
vein circulation. 

Keywords—  blood flow, CFD, MRI, mathematical model-
ing, hemodynamics. 

I.   INTRODUCTION  

During the recent years, especially in the field of medi-
cine [1], visualization techniques gain an increased role in 
the scientific and/or engineering work. In parallel with the 
increase in computer power the techniques of image acqui-
sition and processing became important investigation tools 
and data sources for modeling and simulation [2]. The re-
search field employing flow visualization in anatomical 
features was the first beneficiary of the development of 
these techniques [3].  

Coupling image acquisition and processing techniques 
with large computational grids originating from computa-
tional fluid dynamic (CFD) simulation the quality of feature 
representation and process analysis is improved. 

Through the visualization and preprocessing techniques 
the real-world models and their associated data (i.e. veloci-
ty) are transposed in a virtual one, able to numerically simu-
late the flow and the fluid/structure interaction, by solving 
complex mathematical models based on Navier-Stokes 
equations and gaining scientific data and comprehensive 
graphical representations.  

There are several authors that used this approach for 
studying the blood flow in the human body [4-6]. The ve-
locity components being acquired either from MRI se-
quences or form ultrasound Doppler measurements and the 
data compared qualitatively with the predictions of CFD 
calculations. 

In the present analysis the MRI sequences were used for 
3D reconstruction of the portal vein system and the ultra-
sound Doppler measurements to provide the boundary con-
dition for CFD model implementation. 

The accuracy of such approach and the validity of the 
mathematical model used for blood flow simulation in 3D 
complex geometries were demonstrated in a previous work 
of Botar et al. [7]. Based on that, the purpose of this re-
search was tracking physiological features of the blood flow 
in the portal vein system. 

II.   PROBLEM STATEMENT 

The essentials in the present analysis relay on differentia-
tion of physiological characteristics of the portal vein blood 
flow, its parameterization and quantification. For this reason, 
after obtaining the approval from the Ethics Committee of the 
University of Medicine and Farmacy “Iuliu-Hatieganu” and 
informed consent of patients, there were included in the study 
a series of 12 patients with physiological liver aspect. The 
clinical investigation consisted of Magnetic Resonance Imag-
ing (MRI) and Ultrasound Doppler (UD).  

The MR images were processed with MatLab software - 
Image Acquisition and Image Processing Toolboxes  
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creating a binary version of the image by using the thre-
sholding approach. The 3D portal vein system geometry 
reconstruction was performed using the SolidEdge V20 
software. Further on, the computational fluid dynamics 
(CFD) technique was applied to describe the blood flow in 
the portal vein system.  

The elastic wall conditions have been introduced based 
on mathematical models that include constitutive equations 
describing the hemodynamic and its relations with the de-
formable vessels wall. The constitutive model for the vessel 
wall is considered the hyperelastic one, as this model may 
cover non-linear stress-strain behaviour at modest strains, or 
elastic one up to huge strains.  

The portal vein hemodynamic analysis considers the con-
tribution of the confluent abdominal veins. 

 

Fig. 1 Portal vein system: a) MRI and b) 3D SolidEdge V20 recon-
struction, 1 - portal vein, 2 - Superior mesenteric vein, 3 – Splenic vein 

III.   REPRESENTATION OF THE 3D PORTAL VEIN GEOMETRY 

The objective of the 3D reconstruction of the portal vein 
system was to obtain a 3D realistic volume that reproduces 
as intimate as possible the complexity of the portal and of 
the associated veins system.  

For each patient the same type of 3D reconstruction has 
been done in order to incorporate in the simulation the high 
diversity of the portal vein geometries. 

The portal vein geometry acquisition has been done using 
a 1 T MRI system (Sigma LX, GE Medical Systems) with a 
9.1.0723d software, 1270 MHz IP30 processor, main mem-
ory size 512 Mbytes, and a phase array TORSOPA receiver. 
The geometrical information have been extracted from a 3D 
TOF SPGR vascular sequence acquisition, using the 
SmartPrep option based on bolus detection (gadolinium). 
The apparatus settings consisted in: Angio TOF SPGR – 3D 
acquisition; maximum monitor period 12 s; image acquisi-
tion delay 4 sec; imaging options: Fatsat; SmartPrep; TE 
Min; Prep Time 21; FA 35; Bandwidth 41,67; FOV 40; Sl 
Th 2.2; Locs per slab 34; Freq/Phase 256/192; NEX 0.50; 
PhaseFOV 0.90; scanning time 0:23, breath hold. 

The flow related data were acquired using in vivo Eco-
Doppler technique. The medical investigations have been 
conducted using an Ultrasound Logiq 7 BT 06 machine, a 
Convex probe 4C, with the following B mode settings (Freq 
4.0 MHz, AO=100%, Gn 78, DR 111), Doppler color set-
tings (Freq 3,3 MHz, PRF 1.2 KHz, Gn 29, WF 175 KHz) 
and Pulse Doppler settings (SVL 4 mm, GN 23, PRF 3,5 
KHz, DR 40, WF 69 Hz). 

The 3D geometry reconstruction was done using the So-
lidEdge V20 software capabilities. An approximation has 
been made in what it concerns the shape of the geometric 
section in the distal branches of the geometry; the section 
shape has been considered circular.  

The volume geometry has been imported in GAMBIT. 
The surfaces mesh was generated, using the face surface 
Quand/Pave algorithm and smoothed using the length-
weighted Laplacian algorithm. The volume mesh was gen-
erated using the Tet/Hybrid/Tgrid algoritm. The spacing 
used was 1. The simulations were carried out by means of 
the CFD software Fluent. The geometric parameters  
(Table 1) used in simulations were determined by medical 
investigations.  

The domains of the portal vein system investigated were 
the main branch and its left and right branches.  

An un-steady state model has been used; considering the 
fluctuations of the blood flow between inspiration and expi-
ration periods.  In this way dependency of the blood flow in 
portal vein system has been considered. The tixotropic 
properties of the blood have been taken into account. The 
differential equations have been discretized in a manner of 
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finite element method. Mass flow boundary conditions have 
been specified at the geometry inlet. The inferior and supe-
rior values are provided by Doppler Ultrasound measure-
ments to supply the user defined profile functions. The 
vessel walls have been treated as elastic. The no-slip condi-
tion was imposed to the vessels wall. It is necessary to men-
tion that the geometric variability of the portal vein system 
from one patient to the other is very high. 

Table 1 Values of experimental (clinical) parameters used in simulation 

 
* flow type L = laminar, LD – right lobe, LS – left lobe, LC – caudate lobe.  

IV.   MODELING APPROACH 

The flow model considers the tixotropic characteristics of 
the blood. The blood is considered as a non-Newtonian 
fluid, the relation between the shear stress and the strain rate 
is nonlinear and time-dependent. The blood viscosity was 
defined according to the non-Newtonian power law: 

Table 2 Values of experimental parameters used in simulation [8] 

Power law index (n) 0.4851 

Consistency index k (kg-s^n-2/m) 0.2073 

Reference temperature (K) 310 

Minimum viscosity limit ηmin (kg/m-s) 0.001 

Maximum viscosity limit ηmax(kg/m-s) 0.003 

 
The hemodynamic was described by the Reynolds stress 

model (RSM) instead of laminar model as the past expe-
rience showed that it gives accurate prediction of the blood 
flow in complex geometries [4]. The RSM is abandoning 
the isotropic eddy-viscosity hypothesis, and closes the  
Reynolds-averaged Navier-Stokes equations by solving 
transport equations for Reynolds stresses together with an 

equation for the dissipation rate. Since the RSM accounts 
for effects of streamline curvature, swirl, rotation, and rapid 
changes in strain rate, in a more rigorous manner than the 
one-equation and the two-equation flow models, it has been 
used in simulation due to its greater potential to give accu-
rate predictions for complex flows [FLUENT 6.3 user 
guide]. More than that, using the Quadratic Pressure-Strain 
Model it is possible to obtain superior performance in a 
range of basic shear flows, including plane strain, rotating 
plane shear, and axisymmetric expansion/contraction. The 
non-equilibrium wall functions have been also considered to 
extend the applicability of the wall function approach by 
including the effects of pressure gradient and strong non-
equilibrium (Fluent 6.3 User Guide, Chapter 12.7.4).  

More than that, for low Reynolds numbers past expe-
rience showed that RSM model  

The model equations are the following ones: 
 

- the Reynolds stresses: 

                                           (1) 

- the transport equations: 

 
(2) 

 

Unsteady state conditions have been used. The differen-
tial equations have been discretized in a manner of finite 
element method. The operation and the boundary conditions 
have been specified. The vessel was treated as elastic. A 
dynamic mesh model was used in order to address the 
movement of the mesh in the unsteady state solver. The no-
slip condition has been imposed. 

V.   SIMULATION RESULTS 

The hemodynamic simulations in the portal vein system 
have been initialized considering the contributions of the 

Pacient 1 2 3 4 5 6 7 8 9 10 11 12 

Hepatic 
dimensions 

LD 
[mm] 

204 178 167 179 170 180 183 198 175 169 181 171

LS 
[mm] 

88 80 60 57 75 87 85 86 78 71 59 73 

LC 
[mm] 

48 42 30 38 45 47.9 39.7 44 45 36 40.1 48 

Portal vein 
dimensions 

Inspiration
[mm] 

15 15.5 12.5 11.4 14.3 14.8 13.9 14.715.713.9 12.3 14.1

Expiration
[mm] 

13.9 14.5 11.6 11 13.4 13.7 11.7 13.314.112.1 11.5 12.9

length 
[cm] 

6.7 5.4 6 5 7 6.8 6.3 6.5 5.5 6.2 5.2 6.8

Portal vein 
stream 
velocity 

max. 
[cm/s] 

29 27.2 25 28 26.1 30 29.8 28.226.925.7 27.1 26.7

min. 
[cm/s] 

22.9 23.5 19.7 20.1 19.2 25.3 23.6 21.821.318.9 20.9 19.3

Flow type L L L L L L L L L L L L 

Splenic vein 

max. 
velocity 
[cm/s] 

21.8 21.6 22.1 27.2 22.3 26.3 24.1 21.721.520.1 20.9 26.7

flow 
[ml/min] 

192 210 177 185 168.5 188.3181.7 189 206 197 179 147.1

Superior 
mesenteric 

vein 

max. 
velocity 
[cm/s] 

15.9 18.2 18 19.4 16.2 17.8 17.3 15.417.919.2 18.7 17.3
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splenic and superior mesenteric veins. The resulted data, 
provided by the computer simulation, supply the values of 
the blood velocity along the entire portal vein geometry.  

 

  

Fig. 2 Correlation between clinical and mathematical modeling data of
blood velocity in the portal vein main branches during the inspiration 
period 

 

Fig. 3 Correlation between clinical and mathematical modeling data of
blood velocity in the portal vein main branches during the expiration
period 

The analysis of the simulation results has been done ac-
cording to the clinical investigations (Doppler Ultrasound). 
In the clinical experiments the velocity was measured in the 

portal vein main branch at 1 cm ahead from the branches 
bifurcation. A user profile user defined function was usedin 
simulations in order to cover the inspiration expiration 
cycle. The simulation results show a good agreement be-
tween clinical and mathematical modeling and simulation 
data (figures 2 and 3); both in case of inspiration and expi-
ration periods.  

To illustrate and to parameterize the behavior of the por-
tal vein blood flow in its main branch, the distribution of the 
Reynolds number has been computed for all the geometries 
analyzed. The simulation results (figure 4) demonstrate that 
there exists a certain laminar domain in which the physio-
logical blood flow takes place.  

The range of Reynolds number extends between the val-
ues 2600 and 1020 in the region situated at 1 cm ahead the 
main portal vein bifurcation. 

Extending the analysis to the left and to the right 
branches of the portal vein, the Reynolds number distribu-
tion is consistent with the data obtained in the portal vein 
main branch; even if the domain of Reynolds number differ 
significantly in the region situated this time at 2 cm after the 
main portal vein bifurcation. 

 

Fig. 4 Flow parameterization in the main branch of the portal vein 

For the portal vein left branch the domain of Reynolds 
number extends between 1255 and 540 (Figure 5a), and for 
the portal vein right branch the values are comprised be-
tween 790 and 460 (Figure 5b). 

The flow homogeneity observed in the three regions of 
the portal vein system, for such a high geometric variety, 
enables the prediction of the blood flow behavior. 
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VI.   CONCLUS

In this paper a comprehensive fr
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geometric-dependent parameters 
behavior of the blood perfusion of 
number distribution has been fou
compact values ranges according 
investigated domain. This conclusio
ity of blood flow parameterization
conditions. The proposed approach
enables a straightforward analytical
vein flow parameters especially
purposes. 

ACKNOWLEDGM

The authors are thankful for th
vided by the national project PNCD
system for the non-invasive progn
pathology evolution through the an
and portal hemodynamic parameters

REFERENCE

1. Burrowes K S, Tawhai M H (2006) Com
monary blood flow gradients: Gravity 
Physiology & Neurobiology 154:515–52

2. Jafari A, Zamankhan P, Mousavi S M, K
linear Science and Numerical Simulation

3. Lorthois S, Cassot F, Lauwers F (201
blood flow regulation by intra-cortical ar
curate large human vascular network: Pa
flow, NeuroImage, DOI 10.1016/j.neuroi

4. Marshalla I, Zhao S, Papathanasopoulou
MRI and CFD studies of pulsatile flow i
bifurcation models, Journal of Biomecha

5. Long Q, Xu Y X, Ariff B, Thom S A
(2000) Reconstruction of blood flow pat
cation: a combined CFD and MRI study
ance Imaging 11:299–311. 

 
 
 

n the 

1112

Re max

Re min

 the 

11 12

Re max

Re min

C.C. Botar et al.

ons and to eliminate the 
dification due to geome-

due to pathological or 

ical flow may also pro-
e role of complex flow 
 diseases. 

SIONS 

framework for exploiting 
e portal vein system has 

focused on detecting the 
capable to predict the 
the liver. The Reynolds 

und to be comprised in 
to the topology of the 

on suggests the possibil-
n in liver physiological 
h and the results obtain 
l evaluation of the portal 
y for quick diagnosis  

MENT 

he financial support pro-
DI2-12131, title “Expert 
nosis of chronic hepatic 
nalysis of the biological 
s.” 

ES  

mputational predictions of pul-
versus structure, Respiratory 

23 
Kolari P (2009) Commun Non-
n 14:1396–1402 
10) Simulation study of brain 
rterioles in an anatomically ac-

art I: Methodology and baseline 
image.2010.09.032 

u P, Hoskins P, Xu Y X (2004)  
in healthy and stenosed carotid 
anics 37:679–687 
A, Hughes A D, Stanton A V, 
tterns in a human carotid bifur-
y, Journal of Magnetic Reson-



Blood Flow Analysis in Portal Vein System – Unsteady-State Case Study 337
 

 IFMBE Proceedings Vol. 36  
  

 

6. Nanduri J R, Pino-Romainville F A, Celik I (2009) CFD mesh genera-
tion for biological flows: Geometry reconstruction using diagnostic 
images, Computers & Fluids 38:1026–1032 

7. Botar C C, Vasile T, Sfrangeu S, Clichici S, Agachi P S, Badea R, 
Mircea P, Cristea M V (2010) Validation of CFD simulation results in 
case of portal vein blood flow, Computer Aided Chemical Engineering 
28:205-210. 

8. Fluent 6.3 Documentation Manual, Chapter 8.4.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Author:  Botar Claudiu Cristian 
Institute: Chemical Engineering Department, Faculty of Chemistry 

and Chemical Engineering, “Babes-Bolyai” University 
Street: Arany Janos 11 
City: Cluj-Napoca 
Country: Romania 
Email: cbotar@chem.ubbcluj.ro 

 
 
 

 


	Blood Flow Analysis in Portal Vein System – Unsteady-State Case Study
	INTRODUCTION
	PROBLEM STATEMENT
	REPRESENTATION OF THE 3D PORTAL VEIN GEOMETRY
	MODELING APPROACH
	SIMULATION RESULTS
	CONCLUSIONS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




