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Abstract

An update of the multitasking Thermalhydraulics Evaluation Package (TEP) was
implemented to improve the prediction accuracy of critical heat flux (CHF) and post-dryout
(PDO) heat transfer for 37-element fuel bundles. The improvement of prediction accuracy
was achieved using the latest correlations for CHF and PDO heat transfer derived from full-
scale bundle tests. The predictions of TEP were assessed against experimental data and good
agreement has been observed. In addition to the improvement, the prediction capability of the
package has been expanded to capture the effect of radial power profile on CHF for 37-
element bundles. A correlation for the radial power profile effect on CHF has been
implemented. It accounts for the deviation in CHF between the bundle of radial power profile
of interest and the equivalent bundle of the natural uranium profile.

1. Introduction

Accurate predictions of heat-transfer rate and pressure loss are essential in thermalhydraulic
analysis of flow-boiling systems such as boilers, heat exchangers, steam generators, reactor fuel
channels, etc. A variety of heat-transfer and fluid-flow correlations have been recommended in
the literature. The choice of a correlation for a particular application depends on the heat-
transfer mode and flow regime, as well as geometry, orientation of the surface, direction of the
flow-velocity vector, and local phase distribution. Most correlations require numerous fluid
properties and may need iterations to evaluate parameters of interest.

A software program, the Thermalhydraulics Evaluation Package (TEP), has been introduced to
facilitate the thermalhydraulic analysis of flow-boiling systems. This evaluation package was
originally developed 20 years ago to simplify the evaluation procedure. The core of TEP is a
package for thermalhydraulics and fluid-properties predictions written in FORTRAN. It can be
easily implemented into existing computer codes as a library for the evaluation of
thermalhydraulics parameters.

As a powerful multitasking software package for evaluation of thermalhydraulics parameters in
tubes and bundles in horizontal and vertical orientations, TEP is an ideal tool for simple desktop
calculations in the design of two-phase flow systems with or without boiling. It is also an
excellent tool for sensitivity analysis of minor variations in design conditions on
thermalhydraulic parameters. For example, the impact of geometry tolerances and flow-
condition fluctuations on heat transfer or pressure drop can easily be examined with TEP by
modifying the input parameters and conditions. In addition, TEP has the capability of evaluating
the pressure and temperature distributions in channels with non-uniform axial heat fluxes. This
allows the use of TEP to assess the thermalhydraulic performance in boiling systems (such as a
reactor fuel channel) for given inlet-flow conditions.
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The previous version of TEP (TEP V3.0) was completed in 1998 [1]. It implemented various
prediction methods for critical heat flux (CHF), post-dryout (PDO) heat transfer, and pressure
drop derived prior to 1998. Since then, some prediction methods, particularly those for
CANDU™ type bundle geometries, have been updated. Furthermore, additional correlations
were derived for other applications (e.g., taking into account radial power profiles other than that
of natural uranium fuel in CANDU-type bundles). TEP has been updated to implement the
improved prediction methods and recently derived new correlations. The new version ([3-
release, 2006) is referred as TEP V3.3, which has enhanced features and expanded capabilities.
The objective of this paper is to present this new TEP version and the assessment result against
full-scale bundle data.

2. Main Features of TEP

TEP has four main features: specific thermalhydraulics-parameter evaluation, local heat-transfer
evaluation, system flow and heat-transfer evaluation, and fluid-properties evaluation.

The first feature is used to evaluate a user-specified thermalhydraulics parameter based on user-
input flow conditions. It is introduced primarily for sensitivity analyses by applying the
prediction methods within and beyond the applicable range and transition points. This feature
includes all heat-transfer modes (i.e., single-phase heat transfer, nucleate boiling, transition
boiling, film boiling), the transition points between various heat-transfer modes (i.e., CHF,
Minimum Film Boiling (MFB) temperature), frictional pressure drop, void fraction, and flow
regime.

The second feature evaluates local heat-transfer rates and surface-temperature values at user-
input local-flow conditions. The program identifies heat transfer regimes based on the pre-
defined heat-transfer logic. The procedure for determining the heat-transfer mode is different for
a heat-flux controlled system than for a wall-temperature controlled system. Depending on the
user input (i.e., known heat flux or known wall temperature), the program chooses an appropriate
procedure automatically.

The third feature evaluates distributions of thermalhydraulics parameters (such as pressure,
surface temperature, thermodynamic quality, etc.) along a channel based on the user-specified
inlet-flow conditions. The system heat-transfer calculation begins with a nodalization process to
divide the overall channel into nodes axially. At each node, the local pressure is calculated by
subtracting the pressure drops caused by friction, acceleration, gravitation (for vertical channels
only), and fuel element appendages from the upstream pressure. The thermodynamic quality is
calculated with a heat balance assuming thermal equilibrium between the liquid and vapour
phases. Based on the local flow parameters, the local heat-transfer mode is determined with the
heat-transfer logic for a heat-flux-controlled system. The corresponding heat-transfer rate and
wall temperature are then calculated with the prediction method for the heat-transfer mode.
These procedures are repeated for all nodes until the end of the heated section is reached.

" CANDU - CANada Deuterium Uranium (a registered trademark of AECL).

20f9



28th Annual CNS Conference & 31st CNS/CNA Student Conference
June 3 - 6, 2007 Saint John, New Brunswick, Canada

The last feature evaluates the fluid properties based on the user input of pressure and temperature
(or enthalpy). This feature provides all properties that are needed in thermalhydraulic
calculations.

3. Update to TEP V3.0

TEP V3.3 is an update of its previous version (TEP V3.0), and retains all features from TEP
V3.0 [1]. The update reflects the up-to-date development and improvement in prediction
methods of thermalhydraulics parameters to improve the capability and application of the
program. It focuses on the prediction methods of CHF and PDO for circular-array (37-element)
bundle geometry. Existing calculation procedures in TEP V3.0 for tubes and square-array
bundles remain unchanged in TEP V3.3.

The following improvements have been made in TEP V3.3:

e The updated CHF look-up table was implemented to improve the prediction accuracy
for 37-element bundles with NU fuel in an uncrept channel.

e A prediction method for the effect of radial power profile on CHF was implemented to
facilitate analyses of circular-array bundles with fuels other than natural uranium (NU).

e A prediction method for the effect of pressure-tube creep on CHF was implemented to
extend the TEP application to aged CANDU channels.

e A correction factor accounting for geometry effect on CHF was implemented to extend
the TEP application to fuel bundle configurations other than that of the current 37-
element bundle.

e An interpolation correlation for developing film boiling heat transfer was implemented
to predict the film-boiling heat transfer coefficient in the transition region.

e An additional formulation (HLWP-01) for evaluating light- and heavy-water properties,
with pressure and enthalpy as input parameters, was added as a new option.

Input parameters required for TEP V3.3 are the same as those for TEP V3.0. The only exception
is the parameter of radial heat flux distribution (RFD) for circular-array bundles. TEP V3.0 has
a built-in (fixed) RFD corresponding to the NU fuel. TEP V3.3 allows the user to specify
different RFDs.

CHF look-up table for 37-element bundles with NU fuel in an uncrept channel

The 1997 version of the look-up table for CHF in horizontal 37-element bundles [2] is used in
TEP V3.0. This table was derived based on the tube CHF table and updated with experimental
data obtained with a full-scale 37-element bundle string inside the uncrept channel at the Stern
Laboratories and NRU U-1 CHEF test facility. Since then, more CHF data have become available
with a full-scale 37-element bundle string in uncrept and crept channels. The CHF look-up table
was subsequently updated with those newly obtained CHF data (the CHF data obtained in crept
channels was converted to that in the uncrept channel using a correlation factor, as presented
below), resulting in a significant improvement in predicting CHF for CANDU 37-element fuel
bundles. The updated CHF look-up table, referred hereafter as the 2001 bundle CHF table, also
extended the table application to crept channel conditions, and covered a wider parametric range.

The 2001 bundle CHF table has the structure and application method identical to those of the
1997 version. The 2001 bundle CHF look-up table replaced the 1997 version in TEP V3.3.
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Correction factor for RED effect on CHF

The CHF look-up table was developed for a direct application to the 37-element bundles with an
NU fuel RFD. A correction factor for RFD effect on CHF has been developed to expand the
CHF look-up table application to bundles having RFDs other than that of NU fuel. Yin et al. [3]
recommended a correction factor for the 37-element bundle application. The correction factor is
defined as:

_ CHF for Flux Shapeof Interest

= 1
™ CHF for Flux Shapeof NU Fuel o

Based on the experiment data obtained with 37-element bundles having various RFDs, Yin et al.
derived a correlation for the correction factor, expressed as:

K.y=a —a, (Z - 1) (2)

where a; and a; are constants determined experimentally, Z is the bundle-imbalance factor
between the RFD of interest and the optimum RFD?:

Z = max|R'] i = Ring 1,2,3,4 (3)
with
R =R /R, 4)

where R; and R;, are the local to bundle-average heat-flux ratings of Ring i for the RFD of
interest and the optimum RFD, respectively. Equation (2) was empirically derived, based on the
tested RFDs in 37-element bundles, and hence has limited applications.

The RFD correction factor can also be expressed with respect to the optimum RFD rather than
the one of the NU fuel [3]. It is defined as:

_ CHF for Flux Shape of Interest
" CHF for Optimum Flux Shape

©)

Combining Equations (1) and (5) one obtains:

_ CHF for Flux Shape of Interest
" " CHF for Flux Shapeof NU Fuel
_ CHF for Flux Shape of Interest /| CHF' for Optimum Flux Shape
 CHF for Flux Shape of NU Fuel /| CHF for Optimum Flux Shape
_ Ko
K 4, (NU)

(6)

? The optimum RFD is the RFD where initial dryout occurs simultaneously at every ring of the bundle, and is
corresponds to the maximum attainable dryout power.
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where

CHF for Flux Shapeof NU Fuel
Krfdo (NU) = .
‘ CHF for Optimum Flux Shape
1
K. (Optimum)

(7

From Equation (2), K,z(Optimum) = 1.28 for the 37-element bundles. Therefore, CHF for
optimum flux shape can be calculated by

CHF for Optimum Flux Shape = CHF for Flux Shape of NU Fuel x K, (Optimum)

(8)
=1.28 x CHF (Look — Up Table)

Yin et al. [3] examined the relation between Z and R, s, using 37-element and 43-element bundle
data, and found a simple linear function:

K =2-2 ©)

This function is applicable to both 37-element and 43-element bundles, and hence is considered
to be more generic than Equation (2). Bundle CHFs of a given RFD can then be evaluated with
Equations (5), (8) and (9). However, it is less accurate then the method of Equations (1) and (2)
for the current 37-element bundles. Both these methods were implemented in TEP V3.3 to
account for the RFD effect on CHF in the current 37-element bundles and other circular-array
bundles, respectively, with an automatic selection of the prediction method based on the given
fuel bundle geometry.

Correction factor for creep effect on CHF

The correction factor for creep effect on CHF is defined as

CHF, crept
K ey = CHF (10)

uncrept
where CHF e and CHF crep are the CHF values for a crept and an uncrept channel,
respectively, at given thermalhydraulic conditions. CHFucrep: can be calculated using the 2001
CHF look-up table. By applying Equation (10), one can extend the application of the 2001 CHF
look-up table to crept channel conditions.

Based on experiment data obtained with 37-element bundles in crept and uncrept channels,
Leung derived a correction factor of K., to account for the effect of creep on CHF. His
correlation is expressed in the form of

Kooy = exp[— b[l - (I(I;S))D (11)
- gunci‘ept

where b is a constant determined empirically, and ¢ is the bundle eccentricity, representing the
relative distance of the centres between the bundle and the flow tube. ¢ is defined as
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&= DP/T _Dbundle (12)
DP/T -D

inner

where Dp,r is the diameter of the pressure tube in metres for a bundle at the location of interest.
The pressure-tube diameter varies with axial locations along the crept channel.

The equivalent inner-tube (virtual) diameter of an annulus, D, represents the weighted-
average distance of elements from the centre of the bundle. It is expressed as

N,

znidizDr,i

L if n,>1

Z:nldi2
Dinner = - N, (13)
ZnidizDr,i

dy+ 2 if n =1
Znidf
i=2

In Equation (13), n; and d; are, respectively, the number and diameter (in metres) of elements in
Ring i ( with 1 being the centre ring (rod) and counting outwards), D, ; is the pitch-circle
diameter in metres of Ring i, N; is the number of ring (e.g., N;=4 for the current 37-element
bundle), and d; is the centre-element diameter in metres. The overall bundle diameter, Dp,nqze, in
Equation (12) is calculated using

Dbundle = Dr,Nr + dN, + 2tbp (14)

where D, y:, dy, and t;, are the outer-ring pitch-circle diameter in metres, the outer-ring element
diameter in metres, and bearing-pad height (i.e., the gap between the outer-ring element and
pressure tube) in metres, respectively. The bundle eccentricity for the uncrept channel, &

uncrept 2
corresponds to the reference pressure tube.
Correction factor for bundle geometry effect on CHF

The bundle CHF look-up table was derived for the current 37-element bundle. It can be
extended to other circular bundle geometries with the following modification factor:

CHF — Dbundle B Dinner (1 5)
D

CHEef bundle,ref - Dinner,re_/'

where CHF is the critical heat flux for the bundle of interest, CHF . is the critical heat flux for a
37-element bundle (nominal geometry), and Dpyundie, rer @0d Dinper. ror are the nominal bundle
diameter in metres and the equivalent inner-tube diameter of a 37-element bundle with nominal
geometry in metres, respectively. The exponent, n, which is only fluid dependent, is defined as

n=-0.5(1—exp(-0.35(og(p, / o, ) ) (16)
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Interpolating correction for developing film boiling heat transfer

In TEP V3.0, two correlations are used to evaluate the film-boiling heat transfer rate for two
flow regimes — the Groeneveld-Delorme correlation is used for the liquid-deficient regime and
the Berenson correlation is used for the inverted annular flow regime. The maximum calculated
heat-transfer coefficient is selected for predicting the film-boiling heat flux or wall temperature.
This prediction method is based on an assumption that the liquid and vapour phases have become
fully developed, hence the method tends to under-predict the film-boiling heat-transfer
coefficient at near-CHF locations where both phases are still developing and heat transfer is
enhanced. Rudzinski and Leung proposed a correlation to account for the heat transfer
enhancement in predicting the minimum film-boiling heat transfer coefficient in 37-element
bundles. This correlation is expressed as

= hmin—ﬁlm - hfd
developing h”b _ h/d
(<) Cy (1 7)
=¢ Pr exp| — ¢, Pr (OHFR —1)*
Pe Pe

for a given over-heat-flux ratio, OHFR.

In Equations (17), Auminsum 1s the heat transfer coefficient of interest, A is the fully-developed
film-boiling heat transfer coefficient calculated with the same method as that in TEP V3.0 based
on local flow conditions, 4, is the nucleate boiling heat transfer coefficient evaluated with the
Chen correlation based on local flow conditions, and o, and p, are saturated liquid and vapour

densities, respectively. c¢; to cs are the constants determined using experimental data.
OHEFR is defined as the ratio of local heat flux and predicted CHF at the point of interest.

HLWZP formulation for evaluating light- and heavy-water properties

Liner and Hanna compiled a set of formulations for the Heavy and Light Water Properties
(HLWP) package and developed corresponding FORTRAN subroutines for use in the
CATHENA code [4]. The same subroutines are also used in the Advanced Solution of
Subchannel Equations in Reactor Thermalhydraulics computer code (ASSERT). In these
formulations, properties are calculated based on pressure and enthalpy. The HLWP properties
formulations have been implemented as a new option in TEP V3.3 to predict light and heavy
water properties based on given pressure and enthalpy.

4. Program Test, Verification, and Validation
A thorough process of program testing, verification, and validation was completed for TEP V3.0
and early versions of TEP. For the update of TEP V3.3, testing, verification and validation were

performed during the coding process and after completion.

Testing of TEP V3.3 included both the unit testing of new and modified subroutines plus the
integrated testing of the overall operation of TEP. The unit testing was performed by code
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developers during the coding stage, whereas the integrated testing focused on those stages that
interact with users, for example user input.

Verification was applied to both the new and modified subroutines, as well as to the displayed
screens in TEP V3.3. It focused mainly on the output information and the calculated results of
TEP V3.3. A cross comparison of the TEP program calculation results with those obtained using
alternative calculation methods was conducted to ensure each correlation had been implemented

properly.

A validation process was performed by comparing the TEP predictions with experimental PDO
heat transfer measurements of 37-element bundles. Figure 1 presents an example of the
validation results, which compared the TEP prediction results from the system heat transfer
calculation with a set of measurements of wall temperatures. The temperature variations were
caused by bundle appendages. Correct parametric trends of temperatures have been captured by
TEP V3.3. Given the complexity of the bundle configuration, thus the difficulty of the
prediction, the measured temperatures were predicted with good accuracies.

5. Conclusion

TEP is a powerful tool for simple desktop calculations in the design of two-phase flow
systems with or without boiling. It is also a useful tool for sensitivity analysis of minor
variations in design conditions on thermalhydraulics parameters. It has the capability of
evaluating pressure and temperature distributions of bundles having uniform and non-uniform
power profiles in uncrept and crept channels, and can be applied in assessing the performance
of two-phase systems for given inlet-flow conditions.

TEP has been updated to implement improved prediction methods and the new correlations
derived since 1999. The update focused on the prediction methods of CHF and PDO for
circular-array (37-element) bundle geometry. A new version of TEP (V3.3) has been released
for use. The new version has extended features and provides improved prediction accuracies
over the previous versions.
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Figure 1 An Example of Validation Results of TEP V3.3 (System Calculations)

6. References

[1] Leung, L.K.H., Rudzinski, K.F., Verma, B., Groeneveld, D.C., and Vasic, A.,
“Thermalhydraulics Evaluation Package (TEP V3.0) — A User-Friendly Software Package
for Evaluating Thermalhydraulics Parameters in Tubes and Bundles”, 9" International
Topical Meeting on Nuclear Reactor Thermal Hydraulics (NURETH-9), San Francisco,
California, October 3-8, 1999.

[2] Leung, L.K.H., Groeneveld, D.C., Hotte, G., “A Generalized Prediction Method for Critical
Heat Flux in CANDU Fuel-Bundle Strings”, Proc. 11" Int. Heat Transfer Conf., Kyongju,
Korea, Aug. 23-28, 1998.

[3] Yin, S.T., D.C. Groeneveld and M. Wakayama, “The Effect of Radial Flux Distribution on
Critical Heat Flux in 37-Rod Bundles”, ANS Proceedings, 12th National Heat Transfer
Conference, Vol. 5, pp. 277-283, Minneapolis, July 28-31, 1991.

[4] Hanna B.N., “CATHENA: A Thermalhydraulic Code for CANDU Analysis”, Nuclear
Engineering and Design, Vol. 180, pp. 113-131, 1998.

90of9



	Abstract
	1. Introduction
	2. Main Features of TEP
	3. Update to TEP V3.0
	4. Program Test, Verification, and Validation
	5. Conclusion


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 300
  /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 300
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


