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ABSTRACT

This paper presents a critical review of information pertaining to the degradation of fuel cooling
during a small loss of coolant accident (SLOCA) in conjunction with a loss of emergency
cooling injection (LOECI) and a loss of forced circulation in a CANDU reactor. This review
provides the background information necessary to facilitate the creation of a computer program
that models the thermalhydraulic behaviour during the postulated severe accident. The model
will represent the thermalhydraulic variables and event timing associated with flow and heat
transfer degradation in multiple-parallel fuel channels connected between the inlet and outlet

reactor headers.

NOMENCLATURE

Symbol Description

Cp Specific heat capacity
D. Hydraulic diameter

F Friction factor

G Acceleration due to gravity
h Enthalpy

H Elevation difference
HL Heat loss

K Equivalent resistance
L Pipe length

M Mass

P Pressure

Q Heat

p Density

t Time

T Temperature

u Velocity

W Mass flow rate

Subscript Description

cal Calandria and moderator
ch Channel

Fuel Fuel

1 Inflow

IEF Inlet end-fitting

IF Inlet feeder

HH Header-to-header

] Pipe section j

1 Liquid

0 Outflow

OEF Outlet end-fitting
OF Outlet feeder

PT Pressure tube

REV Flow reversal

RIH Reactor inlet header
ROH Reactor inlet header

Steam
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1. INTRODUCTION

1.1 Objective

See ABSTRACT.

1.2 Motivation

Severe accidents are high-consequence, low-frequency events that are beyond the design basis of
nuclear facilities. The modelling of such events is an increasingly important part of reactor
safety analysis that conforms to modern international standards. The infrequent nature of some
severe accident sequences has led the nuclear industry to use overly conservative guidelines in
some scenarios. Nevertheless, in the recent past the Canadian nuclear industry has moved
towards risk-informed decision making and towards best estimate code development.[1] Hence,
revisiting some of the traditional accident scenarios provides an independent check of the state-
of-the-art models as well as provides the opportunity to extend those models mechanistically in
order to support a best estimate approach to safety analysis code development for design base
accidents (DBA) as well as beyond design base accidents (BDBA). The SLOCA-LOCEI event
falls at the boundary between the DBA and BDBA categories.[2] Therefore, having the ability
to perform best estimate parametric analysis of these event sequences also aids the level 2
probability safety assessment (PSA) activities for CANDU nuclear power plants (NPP).[3]

1.3 Modelling a SLOCA-LOECI Event

In order to model the effects of a SLOCA-LOECI event under transient natural circulation
conditions a best estimate methodology is desirable. A best estimate methodology, as employed
by Ontario Hydro, includes using a mechanistic model that is based both on the most relevant
and most accurate experimental findings.[1] The objective of the mechanistic model in the
nuclear industry should be to provide physically reasonable and representative results without
excessive conservatism being applied. Such a model for a SLOCA-LOECI event already exists
for a single fuel channel in the SLLOH (Small LOCA-LOECI Heat Up) code. SLLOH was
developed by Ontario Hydro[4], which in turn is based on the work of Luxat and Rance.[5] The
work described in this paper will enhance the SLLOH (Small LOCA-LOECI Heat Up)
methodology as well as other current mechanistic models by extending this previous work to a
multiple-parallel fuel channels in a figure-of-eight loop (i.e. an entire reactor core).
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2. PROGRESSION OF FUEL COOLING DEGRADATION

2.1 Severe Accidents under Natural Circulation

A severe accident can be defined as an accident that leads to extensive damage of the fuel and
structures within the core of a reactor due to an extended period of inadequate heat removal. The
severity of these accidents is a function of the nature and extent of the damage occurring during
its progression.[3] Moreover, these accidents can cause material deformation, high temperature
failure and material phase transformations.|[3]

During the normal operation and shutdown of a CANDU reactor, as well as in many accident
events, the coolant is circulated by the primary heat transport system (PHTS) pumps, which
keeps the reactor fuel cool via forced convection. However, certain events could occur where
the pumps rundown, such as in the loss of class IV power. Under this scenario the pump speed
decreases over a period of approximately 120 seconds leading the cooling conditions to
deteriorate. In this case thermosyphoning, which is induced by a density gradient between hot
and cold coolant, continues to cool the fuel.[4] However, thermosyphoning will break down as
coolant inventory is depleted during a SLOCA. Therefore, at some point in time, stratification of
the coolant in the fuel channels will occur. It is at this point that the coolant void increases
towards the outlet of the fuel channel. The density gradient which drives the flow from reactor
inlet header (RIH) to the reactor outlet header (ROH) becomes comparable to the pressure
difference between the ROH and the RIH and flow stagnation and/or reversal could occur.[4]
Once flow stagnation occurs, heat transfer can degrade quite rapidly.

2.2 SLOCA, LOECI and Extent of Accident Severity

During a SLOCA the PHTS slowly depressurizes and there is a gradual loss of coolant. Usually,
once the PHTS pressure of the CANDU reactor decreases below 6 MPa there is an ECI in the
header to maintain the coolant inventory and consequently the heat transfer in the core.
However, if ECI system fails to operate, the amount of coolant void in the channels will
continually increase. If these conditions are prolonged the coolant will eventually stratify and
the coolant void will increase in the fuel channels leading to significant fuel heat-up.[3]

The onset of coolant stratification and disruption of liquid coolant supply to the fuel channels is a
significant condition for severe core damage accident progression in a CANDU reactor, because
it affects the overall timing of subsequent events such as fuel heat-up and potential fuel channel
failure.
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3. MECHANISTIC MODELLING OF A SLOCA-LOECI EVENT

As stated above, during natural circulation conditions in a CANDU reactor steam generation
would first occur in the outlet feeder given that the coolant is closer to saturation than the inlet
feeder. However, the inlet feeder would remain completely filled with liquid. Moreover, if the
net force driving the coolant through the core became small enough stratification within the
channel would occur. Initially, two phase intermittent venting of steam and water will occur
from the fuel channel, which is referred to as intermittent buoyancy induced flow (IBIF).
Eventually, after prolonged coolant depletion, this would lead to steady steaming, feeder
draining, and channel boil-off.[4] In order to evaluate these three different phases in the
progression of the SLOCA-LOECI event, a control volume will be taken between the reactor
inlet header (RIH) and the reactor outlet header (ROH), as seen in Figure 1 below.

Figure 1: Model control volume

The basic thermalhydraulic equations that can be used to derive the equations for steady
steaming, feeder draining and channel boil-off are listed below.[4]

Mass Conservation Equation

M(t) = M(0)— j W, (t)dt + j W.(t)dtA (1)

Where the terms from left to right represent,
1. The mass of water in the feeders, end-fittings and channel at time t,
2. The mass of water in the feeders, end-fittings and channel at time 0,
3. The integrated channel exit flow to the reactor outlet header from t(0) to t(t)
4. The integrated channel inflow from the reactor inlet header from t(0) to t(t)
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Momentum Conservation Equation
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Where the terms from left to right represent,

1.

LRI

The pressure difference between the inlet and outlet headers

The friction losses in the inlet feeder

The flow resistance terms for the inflowing coolant

The hydrostatic head gain due to inflow from the header to the channel
The friction losses in the channel

The flow resistance terms for the fluid moving through the channel
The friction losses for the out flowing coolant

The flow resistance terms for the out flowing coolant

The hydrostatic head loss due to outflow from channel to header

Energy Conservation Equation

Ty (1) Tigr (1)
j O(t)dt = j (W, (Oh (&) =W, (Oh,(0)de'+ [(MC,),dTy+ [(MC,), e dTp
0 T (0) Tyer (0)
Trer (1) Tpr (1) Toer (1) Tor (1)
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+HL,+HL,.+HL, 6 +HL,,+HL,.A (3)

cal

Where the terms from left to right represent,

1.

e T

10.
11.
12.

13

The net heat energy stored in the system

The thermal power of the fuel

The heat energy stored in the inlet feeder

The heat energy stored in the inlet end-fitting
The heat energy stored in the fuel

The heat energy stored in the pressure tube
The heat energy stored in the outlet end-fitting
The heat energy stored in the outlet feeder
The heat energy loss of the inlet feeder

The heat energy loss from inlet end-fitting
The heat energy loss from the core to the moderator
The heat energy loss from outlet end-fitting

. The heat energy loss of the outlet feeder
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3.1 Phase 1: Steady Steaming

As mentioned above, the first phase of degraded flow that occurs during a SLOCA-LOECI event
is called steady steaming. Steady steaming is the state at which the inlet feeder is completely
filled with liquid while the outlet feeder contains voided coolant. During steady steaming the
steam mass flow rate out of the channel is equal to the liquid flowing into the channel from the
inlet feeder.[4] This phase is depicted below in Figure 2.

RO
B Liquid

] Vapour

Figure 2: Steady steaming [4]

3.2 Phase 2: Feeder Draining

The second phase is feeder draining and end-fitting draining. Feeder draining is where there is
increased voiding in the inlet header due to a continuous loss of coolant through the break, which
eventually leads no further inflow of liquid into the inlet feeder.[4] As a result, the remaining
liquid in the inlet feeder drains into the channel, which can be seen in Figure 3 below.

ROH
B Liquid

] Vapour

Figure 3: Feeder draining [4]

As inlet feeder is draining the height of the liquid column in the feeder decreases at a rate
controlled by the liquid inlet into the fuel channel.[4] As the liquid height falls in the feeder, the
driving force due to the difference in density and the exit steam flow rate decreases. In turn,
given that there is less steam flowing from the channel, the average void fraction in the channel
increases.

Once the feeder has completely drained, the void propagates into the inlet end-fitting.[4] In the

SLLOH model it is assumed that the channel average void fraction remains constant until the
end-fitting has drained to the level of the channel.
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3.3 Phase 3: Channel Boil-Off

The third and final phase is the channel boil-off. This occurs when the inlet feeder no longer
contains any liquid coolant, and the inlet end-fitting has the same void fraction as the channel.[4]
Any remaining liquid in the channel and end-fitting then boils as seen in Figure 3 below.

RIH RO
B Liquid

] Vapour

Figure 4: Channel boil-off [4]
4. FUTURE WORK

4.1 Development of Base Model

The first step in developing a computer code to accurately depict a SLOCA-LOECI event under
natural circulation conditions is to establish a base model. This base model will enhance the
SLLOH methodology. Some of the background theory for this base model has been detailed in
section 3 above.

Once the base model has been created using the simplifying assumptions of the SLLOH
methodology it will be tested to determine the sensitivity of the program with respect these
assumptions. In addition, a parametric analysis will be done on the system variables in order to
verify the performance of the model.

4.2 Extension of Base Model to Multiple-Parallel Fuel Channels

The second step of the computer code development will be to extend the single fuel channel
model to a multiple-parallel fuel channel arrangement (i.e. an entire CANDU core). This will be
done in order to determine where stratification and flow stagnation/reversal will occur. As
mentioned above, the flow through the fuel channel is governed by the pressure difference
between the headers as well as the density head difference between the inlet and outlet feeders.
Assuming that the pressure difference between the inlet and outlet header is the same for every
channel, flow stagnation could first occur in the upper most channels where the hydraulic head
driving force is the smallest. This is caused by the different heights of the fuel channels which
illustrated in Figure 5 below.
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Figure S: Multiple-parallel fuel channels model

4.4 Validation of Model

Two common ways to validate a computer code for pressurized heavy water reactors are to
compare the results generated from the code to experimental results as well as to the results of
other validated codes.[6]

4.4.1 Comparison with Experimental Data

Several tests have been performed at ACEL research facilities to provide insight into the
progression of SLOCA-LOECI events. The RD-14M facility is a multiple channel figure-of-
eight loop test facility. Several reports on the findings from the RD-14M two-phase
thermosyphoning experiments have been published.[7, 8, 9] A simple onset of flow reversal
criterion has been presented in these reports. Explicitly, flow reversal is said to occur when:

Af)HH < Af)REV A (4)
Where;
APy = _[(p1F (z,8) = por (Z,t))gdZA (5)

The results from this flow reversal criterion are in good agreement between the experimental
data.[7] However, it has been shown in the RD-14M tests that the header-to-header pressure
differentials can become oscillatory and hence this quasi-steady flow reversal criterion becomes
inadequate. A dynamic flow reversal criterion is required to capture the transient and feedback
processes occurring inside the feeders and channels.[8] Moreover, Wan et al. have reported
large heat losses occurred in the RD-14M thermosyphoning tests and thus any interpretation or
extrapolation of the test results must account for these heat losses.[7] Hence, after accounting
for the heat losses the results of these experiments can be compared with the results of the
computer code in order to determine if the model is valid.
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4.4.2 Comparison with Validated Computer Codes

Another type of validation would be to compare the results of the computer code with other
already validated computer codes. In fact other codes, such as TUF and CATHENA, have
already been used to model the thermosyphoning tests conducted at RD-14 and RD-14M
respectively.[7, 10] Moreover, MAAP4-CANDU and CANTHENA have modeled a LOCA-
LOECI event under thermosyphoning conditions for CANDU reactors.[1, 11] Thus, the trends
and parameter magnitudes in the aforementioned codes can be used in-part to validate results of
a new computer code.

S. CONCLUSION

In summation, it is the goal of this current body of work to provide the foundation for developing
a computer program that can model the effect of a SLOCA-LOECI event under natural
circulation conditions in CANDU reactor. Using the information in this report a base model will
be established, extended and validated. This will provide an independent capability to analyze
heat transfer degradation sequences in multiple parallel channels, as well as aid level 2 PSA
analyses by establishing figures of merit and a time line for the severe accident progression.

6. REFERENCES

[1] J.C. Luxat, R.G. Huget, D.K. Lau and F. Tran, “Development and Application of Ontario
Power Generation's Best Estimate Nuclear Safety Analysis Methodology”, Proceedings for
International Meeting on “Best-Estimate” Methods in Nuclear Installation Safety Analysis,

Washington, DC, November 2000

[2] J.C. Luxat, “Thermalhydraulic Aspects of Progression to Severe Accidents in CANDU
Reactors”, Proceedings for the 12" International Topical Meeting on Nuclear Reactor
Thermalhydraulics (NURETH-12), Pittsburgh, Pennsylvania, September 2007

[3] M.J. Brown, S.M. Petoukhov, and P.M. Mathew, “Influence of Coolant Phase Separation on
Event Timing During a Severe Core Damage Accident in a Generic CANDU 6 Plant”,
September 2007

[4] Ontario Hydro Inc., “SLLOH: Assessment of Fuel Cooling In Channels Under Stratified
Coolant Conditions — Computer Code Description and User Guide”, Report No. 94XXXX, May
1994, pp. 1-29

[5] J.C. Luxat and F.D. Rance, “Verification of a Thermal-Hydraulic Model of Channel Cooling
Degradation During a LOCA/LOECI Event”, Proceedings for the 8" Annual CNS Conference,
Saint John, New Brunswick, June 1987

[6] International Atomic Energy Agency, “Intercomparison and Validation of computer codes for
thermalhydraulic safety analysis of heavy water reactors”, IAEA-TECDOC-1395, August 2004

9 0of 10



29th Annual Conference of the Canadian Nuclear Society June 1-4, 2008
32nd CNS/CNA Student Conference Marriott Eaton Centre, Toronto, Ontario

[7] P. Gulshani, D. Mori, and J.N. Barkman, “Analysis of RD-14M Two-Phase
Thermosyphoning Experiments and Associated CATHENA Simulation Results”, Proceedings
for the 13™ Annual CNS Conference, Saint John, New Brunswick, June 1992

[8] P.T. Wan, W.I. Midvidy and J.C. Luxat, “Onset of Channel Flow Reversal in RD-14M
Natural Circulation Tests”, Proceedings for the 13"™ Annual CNS Conference, Saint John, New
Brunswick, June 1992

[9] P. Soedijono, S. Osamusali, A. Tahir and P. Wan, “A Mechanistic Model to Predict APyy
under Two-Phase Natural Circulation Flow and Comparison against Experimental Results in
RD-14M”, Proceedings for the 22" Annual CNS Conference, Toronto, Ontario, June 2001

[10] J. Pascoe, A. Tomasone, M. Williams, W. Yousef, W. Liu and J.C. Luxat, “TUF
Verification Against Selected RD-14 Experiments”, Proceedings for the 10" Annual CNS
Conference, Ottawa, Ontario, June 1989

[11] G. Sabourin and H.M. Huynh, “Analysis of LOCA/LOECC with a Non-Stop CATHENA
Simulation”, Proceedings for the 18" Annual CNS Conference, Toronto, Ontario, June 1997

10 of 10



	ABSTRACT
	1. INTRODUCTION
	2. PROGRESSION OF FUEL COOLING DEGRADATION
	3. MECHANISTIC MODELLING OF A SLOCA-LOECI EVENT
	4. FUTURE WORK
	5. CONCLUSION
	6. REFERENCES


<<
  /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


