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Abstract

Described in this paper is VIMSCAN, a general software used to assemble nodalization
network diagrams in graphic mode and to generate corresponding input data files for thermal
hydraulics analysis codes such as CATHENA and RELAPS. VIMSCAN provides analysts
with powerful nodalization network and data management environments by employing
database and visually graphical modeling technologies.

1. Introduction

CATHENA and RELAPS are the thermal-hydraulic analysis codes mostly used in Canadian
nuclear industry and abroad for the purposes of CANDU and pressurized water reactor
nuclear power plant design and safety audit. These two codes are also used for thermal-
hydraulic analysis in non-nuclear engineering areas. To use these codes, users have to prepare
suitable input data files by nodalizing the systems to be analyzed, especially when the systems
are very complicated. In present practice, preparation of the input data files and nodalization
diagrams are done separately. Therefore, except for inconveniences, there are some potential
disadvantages, for example, inconsistency between the input data file and its nodalization
diagram, and inefficient model data management. Presented in this paper is a general
computer program VIMSCAN that can be used to assemble nodalization network diagrams
and to generate corresponding CATHENA and RELAPS input data files. This is different
from some input model builders that create visualization (i.e. nodalization diagram) of the
input model specified in the input data file. Conversely, VIMSCAN creates input data files
according to the nodalization diagrams assembled visually. By employing database and
visually graphical modeling technologies, this program provides analysts with powerful
nodalization network and data management environments, and helps reduce the effort of
nodalization and input data file creation greatly.

This paper describes methodologies of the VIMSCAN program, applications for the thermal
hydraulics analysis codes, and some conclusions.

2. Methodologies for major functions

The methodologies adopted in the program consist of three aspects: visual nodalization, model
database and input data file creation.
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2.1 Visual nodalization method

Visual nodalization is to set up system model in windows graphical mode through assembling
basic nodalization elements — connections, junctions, and components such as pipes, annulus ,
volumes, reservoirs, tanks, junctions, pumps, valves, separator, resistances, heat exchangers,
accumulators, branches, mixers, heat constructions, and so on. Shown in Figure 1 is a
nodalization diagram assembled for a core pass between the reactor inlet and outlet headers.
In other words, what Figure 1 displays is a nodalization network editor by which the elements
in the nodalization diagram can be added, deleted and modified. Parameters and data related
to the elements, e.g. components and connections, are inputted and modified through dialog
boxes, see Figure 2 and Figure 3 respectively for instance. The connections are set up by
drawing lines between components, see Figure 1. The component type can be selected from
the tools bar on the left of the visual modeling window in Figure 1.
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Figure I Example of assembling nodalization diagram

System model modules, system control modules, control parameter groups and boundary
conditions, general tables, control systems, reactor kinetics, and so on are set up and edited by
using the similar dialog boxes to Figure 2 or Figure 3.

Sometimes, it is more practical to use more than one nodalization diagram to express a
complex and large-scale systems. In this case, combination of the nodalization diagrams are
completed through a workspace called project, see Figure 4. That is, analysts can combine or
integrate any nodalization diagrams to generate the desired input data file by adding or
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deleting nodalization diagram file names into or from the project. Generation of the input data
files are described in Section 2.3.
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Figure 3 Example of connection data editor dialog box
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Figure 4 Workspace window for combining nodalization networks
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2.2 Model databases

The program employs three input and output databases, which relationships are described in
Figure 5. The first database is generated based on the nodalization network diagrams
described in Section 2.1. When opening or saving a nodalization network diagram file, a
database containing all data information of the diagram is generated automatically, this is the
data source for the input data files of the thermal hydraulic analysis codes. As an example,
part of the database corresponding to the nodalization network diagram shown in Figure 1 is
presented in Figure 6 where the database is opened by Microsoft Access.
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Figure 5 Databases Employed in VIMSCAN

The second database is created by the piping network code CATNIP, from which all
geometric data relevant to the nodes in the nodalization diagrams can be derived directly.
Therefore, when setting up the system nodalization diagrams, analysts can utilize the existing
piping network databases to save much effort of keyboard inputting lots of data.

The third database is created by the program from the existing input data files of the thermal
hydraulic analysis codes. This database is very necessary for setting up nodalization network
diagrams for the existing input data files, especially the data information regarding component
characteristics, connections and initial conditions. This is the case when analysts need a
satisfactory nodalization network diagrams for input data files edited before in text formatting.

s Tools Window Help

EFIAA- R IR I-E- BN

& Components : Table [=[=1(ET]
|_[CompCommei| CompLabel | CompOwner | ~
CP1C7POT
CP1C7P02
CP1C7P03

ecord: 14| < 3 > |1 bk of 116

&5 Connections : Table

=8| Pipes : Table
PipeLabel
» [cRic7POT
CP1C7PO2

0.994
2.402 0.0
9 A75 7 AGE
r#| of 116

T b |1 rs

CP1CTPNR
Record: 14| 4

From
CR1C7PO1
CP1C7P02
CPICTPR

Record: M| <

HUPPER Through

CP1C7PO2
CP1C7PO3

CDm?PﬂA_';‘
v

T _b |l [rk| of 121

|Datashest View

N | -

Figure 6 Example of VINSCAN Database

In real application practices, all these databases are invisible. What the analysts need to access
directly are the nodalization network diagrams and files colored in Figure 5.
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2.3

Generation of input data files

Input data files for thermal hydraulics analysis codes are created completely according to the
input data format requirements defined in the code manuals, for example, References [1], and
based on the databases that are generated automatically from the nodalization network
diagrams, see Section 2.2. The generated input data file could cover systems expressed by one
or more nodalization network diagrams through using the project method described in Section

2.1.

24

Model data management

To perform effective model data management, design of the program adopts the following
conventions.

3.

Modification of any model data can only be completed through the nodalization
network diagrams corresponding to the created input data file, unless modification to
the input data file itself is done manually and forcibly.

Information on properties of the nodalization network diagram files is written into the
input data files for propose of consistency check if necessary. Such check can be done
by the program itself.

Save the nodalization network diagram as the only file that expresses the systems to be
analyzed, and other files such as database and input data ones are derivative.

Access and use the nodalization network diagram files by authorization and password
protection.

Main features of the VIMSCAN program

The major functions and the methodologies of the program are presented in the above
sections. Described below are the main features of the VIMSCAN program:

— A standard Windows multiple-documents application suitable for Windows NT, 2000

or later operating systems.

— Developed under Visual FORTRAN 6.0 Developer Studio and all source codes are

C"" based, therefore, it is beneficial to possible incorporation with thermal hydraulic
analysis source codes that are FORTRAN-based.

— The nodalization network diagram saved as chart file with small size. For example, the

file size for the core pass nodalization diagram shown in Figure 1 is only 57 KB.

— The assembled nodalization network diagrams can be copied and then pasted into

other application files for documentation, e.g. Microsoft Word and PowerPoint.

— General file functions for graphic applications, such as New, Save, Save As, Page

Setup, Print, and so on.

— Basic graphics edition functions for components in the nodalization network diagram,

like Insert, Cut, Copy, Paste, Delete, Select, Move, Property Setting, Dimension and
Alignment Adjustments, etc.
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4. Applications

The developed VIMSCAN program is applied into creating nodalization network diagrams of
a CANDU system and corresponding input data files for the thermal hydraulics analysis codes
such as RELAPS5 and CATHENA. These diagrams cover a wide range of systems, from
reactor core passes to the emergency core cooling (ECC) systems. The nodalization network
diagram shown in Figure 1 is an example of them. All data and known conditions are derived
from the existing thermal hydraulics analysis code input data files that were edited manually
before and in text formatting mode, for instance, the RELAPS input data file of the CANDU
HPECC system in Reference [2]. That is, databases are first generated based on the existing
input data files and then are used during creating nodalization network diagrams, refer to
description of the third database in Section 2.2. After completing the nodalization network
diagrams, new input data files are generated by the program. By comparing the new input data
files with the original ones, the consistencies of the data contents in the files have been
demonstrated. Therefore, it has been proven that the presented visual nodalization modeling
methodologies are feasible and the developed software is reliable.

5. Conclusions

In summary, the VIMSCAN software can be used to effectively generate nodalization
network diagrams and to reliably create the relevant input data files for thermal hydraulics
analysis codes such as CATHENA and RELAPS. The software can provide analysts with
convenient and efficient environments for editing nodalization networks, creating input data
files of thermal hydraulics analysis codes, and managing the corresponding model data.

Based on the current VIMSCAN program, it is feasible to develop visualization of result post-
processing. For using the thermal hydraulics analysis codes that adopt Parallel Virtual
Machine (PVM) [3], it is also feasible to develop visualization of the transient simulation, i.e.
dynamical display and control of the calculation processes by employing PVM to realize data
exchanges between VIMSCAN and the thermal hydraulics analysis codes.

6. References

[1] Nuclear Safety Analysis Division, “RELAP5/MOD3.3 Code manual Volume II: User’s
Guide and Input Requirements”, NUREG/CR-5535/Rev 1, Vol. II, December 2001.

[2] Z. Cui, M. Mclntyre, et al, “Applying RELAP5 to Waterhammer Analysis of CANDU
HPECC Piping System”, 28" Annual Conference of the Canadian Nuclear Society, St
John, 2007.

[3] Hernandez M. J., “Database Design for Mere Mortals: A Hands-On Guide to Relational
Database Design”, 2nd Edition, ISBN: 0201752840, Addison-Wesley Developers Press
Reading, Massachusetts, March 2003.

6 of 6


http://search.barnesandnoble.com/booksearch/results.asp?ATH=Michael+J%2E+Hernandez&z=y

	Abstract
	1. Introduction
	2. Methodologies for major functions
	3. Main features of the VIMSCAN program
	4. Applications
	5. Conclusions
	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


