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Chapter 1. Introduction

The Symbolic Nuclear Analysis Package (SNAP) consists of a suite of integrated applications
designed to simplify the process of performing thermal-hydraulic analysis. SNAP provides a
highly flexible framework for creating and editing input for engineering analysis codes as well
as extensive functionality for submitting, monitoring and interacting with the analysis codes.
The modular plug-in design of the software allows functionality to be tailored to the specific
requirements of each analysis code.

RELAP5 isageneric transient analysis code for thermal-hydraulic systemsusing afluid that may
be a mixture of steam, water, noncondensables, and a nonvolatile solute.

This document describes how to use SNAP to work with REL AP5 models. This manual assumes
alevel of familiarity with RELAP5S and the SNAP Software. Please refer to the RELAP5 User's
Manual and the SNAP User's Manual for specific information on RELAPS input reguirements
and SNAP general usage.

Two versions of this plug-in are available. The first version supports RELAP5 Mod 3.3 and is
available to CAMP members viathe CAMP-SUG user agreement. The second version supports
RELAP5 Mod 3.3 aswell asRELAP5-3D. Thisversionisavailableto SNAP usersgroup (SUG)
members. Additional information on obtaining these plug-ins can be found on the SNAP website
https.//www.snaphome.com.
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Chapter 2. Creating a RELAP5 Model

A RELAP5 model can be created in the ModelEditor by either importing an existing ASCII
model, opening an existing model or by creating a new empty model.

2.1. Importing an Existing ASCII File

The SNAP ModelEditor supports importing RELAPS compliant ASCII input files. ASCII files
may beimported into the SNAP Model Editor from the | mport sub menuin the File menu shown
in Figure 2.1, “File Import Sub-Menu”.

File | Edit Tools Window Help
[ New Ctrl-N b [ &
& Open Ctrl-0 —
Open Recent ¥
Import.. b i3k AVF 3
# CORRA
Exit FAST
i JSTEST
[l MELGEN
# PARCS
4% RADTRAD
RS RELAPS
& saMm
TRACE

Figure 2.1. File Import Sub-Menu

The RELAP5 MOD3.3 plug-in automatically uses RELAP5/MOD3.3 as the code version being
imported.

The RELAP5 MOD3.3/RELAP5-3D plug-in import process allowsthe user to select the version
of RELAPS for which the ASCII file was created. Choosing a specific code version requires
that the input file adhere to that codes input specification. Specifying a code version determines
which properties are available when editing a model and how those properties are exported.
Model validation checkswill report discrepanciesin datathat does not comply with the specified
version.

Both plug-ins support the import of Unix Substitution Variables that begin with a'$ character.
Substitution variables are represented as user defined constants within the Model Editor and are
assigned a value of 0 upon creation. ( See Figure 2.3, “RELAP5 Mod 3.3/RELAP5-3D Plug-in
File Import Options’ ) In addition to real values, substitution variables may be specified for the
following integer input:
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Importing an Existing ASCII File

Model Options:

201 W4 : Control Option in Timestep Data

Hydraulic Volumes:

CCC9101-9 W1 : Volume Control Option

Reactor Kinetics:

3000003 W11 : Thermal Scattering Iterations

3000003 W12 : Outer lterations

3000003 W13 : Outer Computation Iterations

3000003 W14 : Maximum Order of Chebyshev Fission

3000003 W15 : Transient Timestep Outer iterations

3000010 W3 : Max lterations 3000010 - W4 : Intervals

L Select RELAPS Input deck to Import x
Look In: |[C320200121_01 | |@E| |3 (3] |88 6=
|j| typpwr_g44.i Code

® RELAPS /MOD3.3
Input Options
Enable Unix Substitution
[w] Take Ownership
File Name: |t~,,eppwr_44.i
Files of Type: |RELAPS ASCIl decks. (".0) -
Open Cancel

Figure 2.2. RELAP5 Mod 3.3 Plug-in mport Options
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Importing an Existing ASCII File

L] Select RELAPS Input deck to import b

Look In: ||—_=| 20200121_01 |~r|
[ typpwr_44.i Code

i) RELAPS /MOD3. 3
i RELAPS-3D@

Version

(322023024026
(24024143 @® 4.4

Input Options
Enable Unix Substitution
[]Take Ownership

File Name: typpWr_44.i |
Files of Type: ‘RELAPS ASCII decks. ¢.D |v‘

| Open || Cancel ‘

Figure 2.3. RELAP5 Mod 3.3/RELAP5-3D Plug-in File Import Options

Notice in the Figure 2.3, “RELAP5 Mod 3.3/RELAP5-3D Plug-in File Import Options’ above,
the RELAP5 code version, and version number must be selected during ASCII import (Only for
the RELAP5 MOD3.3/RELAP5-3D plug-in). If the model contains meta data which indicates
the code version, thiswill be compared to the selection from the input dialog. If thetwo versions
do not agree a confirmation dialog will be displayed, shownin Figure 2.4, “Version Mismatch”.
Thisdialog allows the user to select what code version should be used to import the file.

The selected file was created using a different code
verison than was selected in the import dialog.
Importing a model with the wrong version may result
in loss of data. It is recommended that models be
imported using the same version with which they
were exported. The version can then be changed after
import from the model options properties.

Choose the version to be used for import:

) Selected: RELAPS Version 3.3
® From File: RELAPS 3D Version 2.3

Figure 2.4. Version Mismatch

Comment lines are ignored by the plug-in during the import process with one exception: Decks
exported by SNAP include Description and Comment lines for components. These lines are
written to thedeck using *d: and * c: asprefixes respectively. Meta dataisincluded at the top
of themodel and containsinformation such asthe current SNAP version and the model's RELAP
code version, as shown below:

5 RELAPS5 Plug-in User's Manual



Creating a New RELAPS Model

*d: The is a description tag for the bypass which is witten and read by the RELAP5 plug-in
*c: This is a comment tag for the bypass which is witten and read by the RELAP5 plug-in
*m CODE: RELAP5 3D Version 2.4

* name type
3200000 "dcbypass" pi pe
* ncell's
3200001 6

SNAP uses these prefixes to alow embedded comments and descriptions to be retained when
importing a deck that was exported by the Model Editor. This mechanism can also be used to
identify comments in legacy decks that should be retained on import.

Additional Import Notes:

* The SNAP RELAPS5 plug-in will replace duplicate cards with the most recent(i.e. last) card
intheinput file.

* Any undefined cards encountered during the import process will be added to the Extra Deck
Data property in Model Options.

* Input after the first RELAP case is added to the After Case Data. After Case Data data is not
processed by the plug-in.

* Any non ASCII format characters will be ignored on import.

2.2. Creating a New RELAPS5 Model

A RELAP5S model can be created by selecting RELAP from the list of available plug-insin the
New Model Dialog. The New Model Dialog is provided when selecting the File>New menu
option. This will create a new RELAP5 model with a single open view. New components can
then be inserted, or pasted into the model. The code type and version can be selected inside the
Model Options.

£ Select Model Type

i Animation model
3k AVF model

¥ COBRA model
EE] COMTAIN model
€ CRUD model

ME FRAPCOM model
i MELCOR model
8 PARCS model
K5 RELAP model
TRACE model

| 0K ” Cancel

Figure 2.5. New Maodel Dialog

RELAP5 Plug-in User's Manual 6



Opening an Existing RELAP5
Model

2.3. Opening an Existing RELAP5 Model

In addition to being able to import an existing RELAP5 model, the plug-in provides the ability
to load models saved by the M odel Editor. Select the Open item in the File menu and choose the
MED file containing the desired model.
'Eile | Edit
[ New -
(= Open Ctrl-0
Open Recent ]
Save 3
Save As.. Ctri+5hift-5
Close
Close All..
Import.. b

Exit

Models saved in the Model Editor will retain all component, view, and numeric information
associated with amodel. Legacy RELAP5 .med save files can be opened with al versions of the
REL APS5 code plugin succeeding the version which created the save. However, afile which was
saved by anewer version of the pluginwill not open in previousversions and will report an error.

2.4. RELAP5 Model Editing

The RELAP plugin provides a series of editors for defining RELAPS component attributes. The
Property View provides a number of generic inline editors for defining simple attributes. The
TRUE FAL SE editor is one example of ageneral inline editor becauseit isused to define nearly
al logical values. Vaues specified in the generic editorsimmediatly update the ASCII view and
add an undo entry to the undo stack.

|@ True ) False |ﬁ P |

Figure 2.6. Generic Logical Editor

Custom editors are provided for editing more complex RELAP5 properties. Many of the custom
editors provided are tabular. Tabular editors allow multi-row editing, custom table cell editors,
and column header tooltips which describe the datain each column.
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RELAP5S Model Editing

£y Geometry - PIPE 108 (Isglubes}__:_fi’"}

Cell Yalume Length Area
Nurmber ift?) ift) {ft?)
1 Z290. 88259 B.736 33.297|=~
2 290 88259 B.730 33,2897
3 290.88259 = 33.297
1 290.88259 Copy 33.297|=
5 290.88259 Paste 33.297
4] 290.88259 Select All 33.297
7 290.88259 33.2971
g 290.88259 Plot 33.297|«
Calculate: ® Volume ' Length ' Area [ 1Y Crossflow [ ] Z Crossflow

L Calls L Orientation LRM. Matrix Ljunctiuns |

Figure 2.7. Custom Tabular Editor

Tabular based RELAPS editors provide a pop-up menu containing a series of options which

facilitate editing of attributes. These options are listed below:

» Copy - The copy command copies data from either a spreadsheet or another tabular based

editor.

* Paste - The paste command pastes copied datato either aspreadsheet or another tabular editor.

» Plot - The plot command provides alisting of available plot variables from the current tabular
data. One independent and one or more dependent variables can be selected for plotting. Data

is plotted using the APTPIot pug-in.

RELAP5 Plug-in User's Manual



RELAP5 Model Editing

[£: Select Plotted Columns o | X

Independent Variable: |Cell Number |v

Cell Number
Dependent Variables: Volume @t
Volume fth Length (ft)
Length (fty Area (ft)
Area (ftd

OK H Cancel

Figure 2.8. Plotting Editor Data

Some tabular editors require that edits be confirmed before any updates are made. These editors
do not update the ASCI I view or add an undo event until the OK button is pressed.

The following section contains alisting of many of the editors included in the RELAP5 plug-in.
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Chapter 3. Editing A Model

Once amodel is open in the Model Editor ( viaimporting ASCII, opening an existing MED file
or creating anew model ) it can be modified in avariety of ways. New components can be added
to the model through the Navigator or by using theinsert tool in a2D view. Existing components
can be modified, disconnected, and reconnected through the Property View or the 2D view.

3.1. Model Properties

The RELAPS plug-in provides a Model Options node for all of the RELAPS attributes which
control key model characteristics. Thefollowing list describesafew of these propertiesand gives
adescription of their associated options.

» Code - The type of RELAP5 analysis code input being modeled. The RELAP5 Mod 3.3/
RELAP5-3D plug-in supports various RELAP5-3D versions and changing the code type will
cause the model to update to accommodate properties specific to the selected code type.

» Developmental Options - This has been added to the code for the convenience of developers
in testing model improvements or new models. In the SNAP RELAPS plug-in, enabling or
disabling certain developmental options will alter properties found elsewhere in the model.
( i.e. In a Branch, if the Henry-Fauske critical flow model is active, junction discharge
coefficients are entered as opposed to the default subcooled discharge coefficients)

f9 Model Options Edit

¥ General [ 1show Disabled |*|
Use Dav Flags ® True () False ? 1=
[0] List Options [ ?
[1] Viscous Stress []® P
[2] Zero Intf. Mass Trans ] 2
[3] Malten Pool Circ L] P
[4] Set Courant Scaling ] 2
[S] Undefined @ ?
[5] Screen Output Freg ] P
[7] Output Reason []= ?
[81 Vnid Frar Timastan [ i @ >
oK Cancel

 Input Units - Provides the option of defining model unitsin either SI or British. Modifying
this option changes the units for al realsin a given RELAP5 model

* HD Systems - The list of hydraulic systems in the current model. If a hydraulic system is
created, the analyst should be aware that any specified fluid types must have an associated
property file accessible to the RELAP executable in order to be run. ( Current versions of
the RELAP5 executable require that command line options are provided which identify the
location of all required fluid property files.)

11 RELAPS5 Plug-in User's Manual



Model Properties

‘ Add | Remove

T T e T T T T T T T T ST e T T T T e T T ST T T T T e ST T T T T T T T e T T T e e T T T T e T T T T T
* General [ ] Show Disabled
Systam Name [PRIMARY [|?
Reference Volume |FIPE 100 Cell [1] ]|
Reference Elevation | 0.0l(ft)l: ?
Fluid Type H20 |' 7
Moncondensible H20 ?
H200LD I
Specify The File D20 7

‘ Ok | Cancel |

» Timestep Data - This is the data used to control the problem timestep information. The
Timestep editor for theinformationisshownin Figure 3.1, “RELAP Plug-in Timestep Editor”.
The editor allows an anayst to add and remove timesteps and specify the specific timestep
options using a tabular interface. The composite Control Option value uses a pop-up editor
allows the specific control option flagsto be selected from alist of check-boxes. This pop-up
editor also allows the specification of a user-defined numeric to define the Control Option.

EY Edit Timestep Data E9 Set Timestep Controls

Timestep End Minimum | Maximum Control Flot Edit Restart ) )
Number Time Step Step Dption Frag. Freq. Freq. User Defined Numeric
1 100.0 1.0e-7 0.5)7 2 40 160 O |:|

2 1200.0 1.0e-7 0.53 4 100 400

Major Edit Controls

[]/Omit Heat Data

[] Omit Junction Data

[] Omit Volume Data

[] Omit Statistics

Edit Frequency

[] Major Edits Every Timestep
[] Minor Edits Every Timestep
[] Plot Records Every Timestep
Timestep Controls

Mass Errors

Hydro Same As Heat

Heat and Hydro Coupled

[[] Nearly-Implicit Advancement

[] Convergence Not Checked

[] Automatic Time Advancement

=]

00 ]=0]=0]

EEIE)

0|00 ][ =0]0]

Figure 3.1. RELAP Plug-in Timestep Editor

RELAP5 Plug-in User's Manual 12




Hydraulic Components

* Noncondensible Gas Species - The noncondensible mass fractions of the gaseous mixture
found in a RELAP5 model are defined in this section. The total gas mass fractions should
sum to 1.0. If no noncondesibles are specified, it is assumed that Nitrogen is the available
gas. Specifying noncondensible gases will enable noncondensible mass fraction input for
individual hydraulic components and the RELAPS plug-in will update to provide editors for
this data

SNAP has afixed export order for the noncondensible gas species. On ASCII import of afull
plant model, the order from the file will be used for importing the fractions into the model
editor correctly. Once imported however the order will be changed to the fixed export order.
This can cause problems for models that include restart cases where resupplied hydraulic
componentsinclude noncondensible gasdata. The order of these noncondensiblesin therestart
case must be modified to match the SNAP default order.

3.2. Hydraulic Components

3.2.1.

RELAP5 components used to model fluid dynamics are grouped together as hydraulic
components. These include pipes, pumps, single junctions, etc. Hydraulic components are found
by expanding the Hydraulic Components node in the Navigator. The RELAPS plug-in provides
some standard functionality for hydraulic components including:

* ASCII Views - It is possible to display the ASCII representation of hydraulic components
being edited by the ModelEditor. The right click Navigator pop-up menu on a specific
Hydraulic component contains the menu item, Show Ascii. Selecting this option provides the
analyst with the ASCII representation of the selected components. In addition, the RELAP5
plug-in will automatically update this ASCII view whenever values are changed.

» 2D Drawn Representation - The RELAPS plug-in provides the ability to display hydraulic
components in a 2D view. The right-click pop-up menu for each hydraulic component or
category in the Navigator containsthe Add to View item that can be used to add the component
(or components) to the selected 2D View.

e Component Documentation - Each hydraulic component has a pop-up menu item labeled
Reference Docs. This option will locate the segment of the RELAP input manua which
corresponds to the component selected and display it using the default PDF viewer.

» Copy/Paste Functionality - The RELAPS plug-in also provides the ability to copy and paste
hydraulic components by using the Copy, Cut, and Paste itemsin the Navigator's right-click
pop-up menu. Hydraulic components can be copied between RELAPS5 models open in the
same Model Editor instance.

The RELAPS plug-in allowsaDescription and set of Commentsto be specified for each hydraulic
component that are exported as specia tagged comments. An exampl e of the formatting of these
propertiesis shown in 72?2,

Single Volume

A single-volume component is one hydraulic volume. A Single Volume can also be described as
a pipe component containing only one volume. As such, the single volume uses the same editing
dialogs as the pipe component. Refer to Section 3.2.6, “Pipe” for more detailed information.

13 RELAPS Plug-in User's Manual



Time Dependent VVolume

3.2.2.

Friction Data

YValid values

ki

Initial Conditions

Imvalid Cell Conditions

¥ Cenaral [ |Show Disabled
Component Name  ||unnamed | 7
Component Number | 1| N P
Description <None = ™7
Ceomeatry Calls: 1/ Juns.: O T

=L

Figure 3.2. Single Volume Properties

Time Dependent Volume

A Time-Dependent Volumeisto simulate fluid entering or leaving ahydraulic system. The TDV
geometry dataisnearly identical to that of apipe and thus usesthe pipe geometry editor described
in the section called “Pipe Geometry”. The TDV initial conditions data differs from the other
hydraulic components since it allows any number of desired search variable sets. ( All other
hydraulic components describe initial conditions on a per volume basis. )

""" Cell'IC Data - TMDPVOL 193 {c:hargeﬂ}___—_,ﬁ_'."

=y
=

Table Entry Search Pressure Temp
Humber Yariahle (=il (F)
1 0.0 147 1000
T Flag Input E Flag Input M Flag Input Table Data
Input Type [ ] Include Boron [] Define Moncondens ibles | Add ‘ ‘ Remove
TDY Fluid LTDV Noncondensibles |

Figure 3.3. TDV Cdll Initial Conditions

The Time Dependent Volumeinitial conditionstableis edited using the TDV Initial Conditions
dialog shownin Figure 3.3, “TDV Cell Initial Conditions’. The T Flag Input combo box is used
to determine which properties will be specified in the table at the top of the dialog. The B Flag
check box will provide a column to edit initial fluid Boron Concentrations for each of the table
entries. In order to enable the N Flag property, the T Flag must be set to an appropriate value
and at least 1 Model Options noncondensible property must be enabled. Rows can be added and
removed using the buttons provided at the bottom right of the editor.

RELAP5 Plug-in User's Manual
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Single Junction

3.2.3.

3.2.4.

¥ Ceneral [ ]show Disabled
Component Name  ||unnamed | 7
Component Number | 1| N P
Description <None = ™7
Ceomeatry Calls: 1/ Juns.: O IE T
Fluid Conditions Valid values E ™7
Trip ] < Inactive = D‘a‘?
Variable Requeast CE 3 sum (lpmass) W P
P Moncondensable Gas Species

Figure 3.4. Time Dependent Volume Properties

Single Junction

A Single Junction component is simply one system junction. It is used to connect other
components such as two pipes. The Single Junction uses the same editing dialogs as the pipe
component for editing geometry, initial conditions and friction data. Refer to Section 3.2.6,
“Pipe” for more detailed information on these dialogs.

* Ceneral [ ] Show Disabled
Componant Name |ih|—isg | ™Y
Component Mumber | 105| v 7
Description <none > E' ™7
Inlet 3 Junction from SNGLJUN 105 to PIPE 104 ™7
Qutlet T2 Junction from SNGLJUN 105 to SMGLVOL 106 ¥4 9
Geometry Calls: 0/ Juns.: 1 E v 7
Friction Data Walid values E ™7
Initial Conditions | Valid values yal g

Figure 3.5. Single Junction Properties

Time Dependent Junction

Time-dependent junctions can be used whenever the phasic velocities or phasic mass flow rates
are known as afunction of time or other time-advanced quantity. Time-dependent junctions can
connect any two system volumes, or asystem volume and atime-dependent volume. The Control
Word property controls the flow rate specification. The search variable will be associated with
either Mass Flows or Velocities depending on the value of the Control Word. By default the
Control Word is set to Flow Velocities.
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Single Flexible Wall

* Ceneral []show Disabled
Component Name  |[i mnfeed | ¥ 9
Component Number | 181| v 7
Description <none: E_" ﬂ ?
Inlet T2 Junction from TMDPJUN 181 to TMDPVOL ™ 7
Outlet T2 Junction from TMDPJUN 181 to BRANCH 174 |¥4 9
Flow Area | 2.208] (3[4 [) @
Use PV Term i3 True @ False ™ 7
Contral Word [1] Use Massflows - 'E 2
Trip <nones E v 7
Variahle CB 128 sum (imnfdflw) E v 7
Table Rows: 3 [0_0,0_0,0_0],[1_094,1.094,0.0],[...E ™ 7

Figure 3.6. Time Dependent Junction Properties

Note  TheTDJhydraulic component providesatableeditor for defining search variable/ flow
rate data. Using the Add / Remove buttons will update the table respectively. Pressing
the OK button will save any changes made and close the editor. This editor is shown
in Figure 3.7, “TDJ Flow Rate Editor”.

= Editing Table

Saarch Liguid Magsflow| Vapor Massflow
- Ibmi's lbmis

0.0 0.0 0.0

221.0 221.0 0.0

| AddRow || Remove Row

DK I| Cancel

Figure 3.7. TDJ Flow Rate Editor

3.2.5. Single Flexible Wall

The single flexible wall component is like a single-junction component, except there is no flow
through the junction; only wall movement occurs at the junction location. In addition to the
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single-junction properties, the single flexible wall also supportsthe flexible wall areaand atable
describing the volume displacement and stiffness of the wall.

= Single Flexible Wall 519 flex_w) el
¥ Ceneral [ | Show Disaoled
Mame flex _w | I:_n ¥
Companant Number s19| ¥ P
Description <rone > E_"|{‘f ¥
Inlet BRANCH 102 Cell 1 Inlet ==X}
Culet FIFE 170 Cell 1 Crossflow 2, Inlet (face 5) E_"|¢_“ 7
Flaxible Wall Area 15| @[] B ¥
Ceneral Table A General Table 2 EE‘ T

Figure 3.8. Single Flexible Wall Properties

3.2.6. Pipe

A pipe component is a series of volumes and interior junctions. Figure 3.9, “Pipe Completion
Dialog” displays the completion dialog for a new pipe created inside the Model Editor. If the
completion dialogs are not enabled, the RELAPS5 plug-in will remember the last values entered.
For anewly created pipe, the cell volumes will be evenly divided along the specified length.

£ |nitalize PIPE
Total Length
Flow Area

Mumber of Cells

Orientation
) Horizontal
® Yertical

1212 Ft

0.18 [A2

20—

Cancel

Figure 3.9. Pipe Completion Dialog

Note  Thenumber of cellsand junctionsinside a pipe cannot be edited directly after creation.
The 1D renodalization tool can be used to easily modify the nodalization of a pipe, and
automatically update any connected components. Refer Chapter 8, Renodalization for
more information on 1D renodalization.
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Pipe Properties

The majority of pipe properties are cell and junction properties. These properties can be
edited using the custom editors provided for Geometry, Initial Conditions, Friction Data, etc.
Figure 3.10, “Pipe Genera Properties’ below displays the general properties of a pipe.

* Caneral [ ] show Disablad
Component Name ||isgrubes | 7
Component Number | 108| ™ 7
Description <nones E v 7
Geometry Cells: 8 / Juns.: 7 E v 7
Friction Data Valid values E Nl 'y
Initial Conditions | Valid values E Nl

Figure 3.10. Pipe General Properties

Pipe Geometry

The geometry of a pipeis edited through the geometry dialog. The geometry dialog consists of
a graphical representation of the pipe (at the top of the dialog) and a set of tabbed tables for
editing the pipe's geometry (at the bottom of the dialog). The geometry editing tables include
the Cells, Orientation, DZ and Junctions tables. Selections made in these tables will be reflected
in the graphical representation and vice versa. Table values that cannot currently be edited are
shaded in grey.

The Cellstable allowsthe user to changethevolume, length and areaof cells. The calculationtype
can also be set on an individua cell basis by selecting the By-Cell radio button. When defining
the calculation mode on a component basis, a set of radio buttons is provided to select which
of these values will be calculated automatically. If individual calculation types are requested,
selecting the "By Cell" checkbox will enable a Calculate column where the cal culate mode can
be selected. Check boxes are also included to allow the specification of Y and/or Z crossflow
lengths and areas for each cell. Figure 3.11, “Pipe Cell Geometry - Single calculation mode”
displays the Cells panel of the pipe geometry dialog.
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@ Geometry - PIPE 108 (isgtubes) b4
%
Cell Yalume Length Area
Mumber (it (ft)
1 290 88259 B.736 33297 -
2 290 B8259 B.736 33297
3 290 882539 B.736 33.297|
4 290 B8259 B.736 33297
5 290 BB259 B.736 33297
5] 290 BB259 B.736 33.297] |
7 290 BB259 8.736 33297 =
Calculate: ® Volume ) Length 0 Area ' By Cell 7 ..
L Cells L Orientation LROL Matrix Ljunr:tinns |
Close

Figure 3.11. Pipe Cell Geometry - Single calculation mode
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@ Geometry - PIPE 108 (isgtubes)
(D
Cell Yolume Length Area Calculate
Mumber i) ift) (ft)
1 290.88259 B.736 33.297| Area
2 290 88259 B.736 33.297| Length
3 290.88259 B.736 33.297|Volume
4 290.88259 B.7326 33.297| Area
] 290 88259 B.736 33.297| Length
=] 290.88259 B.736 33.297|Volume
7 290 88259 B.736 33.297| Area
8 290.88259 B.736 23.297| Area
Total 2327.0607 69 EBE8
Calculate: . Volume ) Length ' Area ® By Cell 17 ..
L Cells L Orientation LHOL Matrix L Junctions |
Close

Figure 3.12. Pipe Cell Geometry - Individual cell calculation types

Pipe cell orientation is edited using the Orientation table shown below in Figure 3.13, “Pipe
Cell Orientation”. This table includes buttons for selecting vertical or horizontal orientation as
well as specifying an exact angle for each cell. Thistable also includes adisplay of the resulting
elevation change across each cell. The Elevations combo box at the bottom of the table can be
used to determine which orientation properties will be specified for this pipe. Selecting the Enter
Dzsoption will enablethe DZ tableto allow elevation changesto be entered directly for each cell.
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Cell IR Angle Elevation | Azimuthal |2D Drawing

Numkber (deq) Chanae (ft) | Angle {deq) Piviot
1 =T 4 / 90.0 8.736 204.0 []
) =4 4 7/ 90.0 8.736 204.0 L
3 =9 ¥ /S 90.0 B.736 204.0 [
4 =4+ 4+ & 5.5 74486645 204.0 L
5 =4+ 4 & -58.5|-7 44866 __ 204.0 L
& =4 4 / -90.0 -8.736 204.0 L
7 =4 4 / -90.0 -8.736 204.0 L
g =4 4+ / -90.0 -8.736 204.0 L

Elevation Change |Frum Orientation |v|

[ cens L Orientation LRuL Matrix Ljunctiuns |

Figure 3.13. Pipe Cell Orientation

The Junctions table shown in Figure 3.14, “Pipe Junction Options’ contains all of the geometry
datafor the junctions of a pipe. The Junctionstable includes editors for hydraulic diameter, flow
area, CCFL model, choking model, area change option and momentum flux option. An editor is
included to enable the energy equation modified PV term. Also, an editor is included to enable
the single-velocity (homogeneous) rather than two-velocity (non homogeneous) momentum
equations for each junction.
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- Geometry - PIPE 108 (isgtubes) =

Junction | Use |Hywdraulic CREL Uze Mod. | Choking | Single el Area Momentum | Area

Mumber | CCFL | Diarm. () % Term Model |Momentum [ Change Flux {ft%)
1 L | 0.0 L | o] L | o] o] 0.0
2 [ ] 0.0 [ ] 4] [ ] 4] 4] 0.0
2 [] 0.0 [] 0 [] 0 0 0.0
4 v 0.0jCC... L] 8] [ 8] 8] 0.0
) [] 0.0 [] o] [] o] o] 0.0
3 [ ] 0.0 [] 4] [ ] 4] 4] 0.0
7 [ ] 0.0 [ ] 4] [ ] 4] 4] 0.0

LCells LOrientatiun LDZ Ljum:tinns |

Close

Figure 3.14. Pipe Junction Options

Note  Thenumber of cellsand junctionsinside a pipe cannot be edited directly after creation.
The 1D renodalization tool can be used to easily modify the nodalization of a pipe, and
automatically update any connected components. Refer Chapter 8, Renodalization for
more information on 1D renodalization.

Pipe Initial Conditions

The initial conditions of the fluid inside a pipe must be defined for both the fluid cells and
junctions. The cells contain the fluid state information, while the junctions detail the fluid flow
data. These properties are modified in the Cell/Junction I1C Data dialog. This dialog is used to
modify theinitial conditions of al 1D hydraulic components.

TheCell Fluidinitial conditionsaredisplayedin Figure 3.15, “Pipelnitial Conditions Cell Fluid”
below. The Condition (t-flag) value for each cell controls which columns are available for each
cell. Pop-up help buttons inside the Condition editor describe each of the available condition
values and the columns made available by each.

TheFluid (e-flag) valuefor each cell isnot modifiable using the Model Editor. Thefluid typeof a
hydraulic component is defined by theit's hydraulic system. The hydraulic system properties are
described in Section 3.1, “Model Properties’. If anon-zero e-flag is encountered during ASCI|
import, the value of that flag is compared with the fluid defined by the component's hydraulic
system. If no hydraulic system exists that contains the component, a new hydraulic system will
be created with the fluid set to the value of the e-flag. Hydraulic systems created in this way
will have the source component and cell set as their root cell, and their reference elevation will
be set to 0.0.
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. ~ CelllJunction 1C Data - PIPE 108 {isgtuhes}_:f-’_-'-.'}

Cell condition ze PrESS_urE Temp Quality NC. Steam
Mumber Boron (=i (F) Cuality | Temp(F)

1 [F.T] Ol 2224 49| 5FE 46

2 [F.T.%,] O 22250 5ET.23 1o

3 |[Tx] | 5797 1.0

4 [Togx | [ 10l 0.0 55016

5 [F.T] Ll 2214.3| 24351

& [F.T] Ll 22140 3327.94

7 [F.T] Ll 2213 8| 53312

a [F.T] Ll 22137 529732

| Steam Tables

L Cell Fluid L MNoncondensibles Ljum:tiun Flow |

Figure 3.15. Pipe I nitial Conditions Cell Fluid

TheJunction Flow initial conditionsincludetheflow velocity (or massflow) for each fluid phase.
Aswiththecell panel, junction selectionisreflected in both the table and the visual representation
of the pipe. Figure 3.16, “Pipe Initial Conditions Junction Flow” below displays the junction
panel in the pipeinitial conditions dialog.
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""“CelllJunction IC Data - PIPE 108 {isgtuhes}_:f—i'-."}

' Velocities ® Mass Flow @

Junction Ligquic Wapor

MHumkber M ass Flow (bm =) M ass Flow (lbm)s)
1 2 046455E4 (]
B 2.046455E4 0.0
E 2.046455E4 (]
& 20464554 0.0
5 204645564 0.0
= 2.046455E4 0.0
7 2.046455E4 0.0

|_cell Fluid | Noncondensibles |_Junction Flow

Figure 3.16. Pipe I nitial Conditions Junction Flow

The Noncondensibles table includes columns for overriding the mass fraction for each
nondondensible gas included in the model.

Pipe Friction Data

The pipefriction data definesthe resistanceto fluid flow through each junction. All 1D hydraulic
components use a similar dialog to edit their friction data. Figure 3.17, “Pipe Friction Cell
Options Table” below displays an the junction friction dialog for a pipe and its included Cell
Options table. The Cell Options table includes editors for the thermal front tracking model,
mixturelevel tracking model and vertical stratification model. More detailed information on each
of these values can be found in the tool tips of each of the column headers.
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. _ CellfJunction Friction Data - PIPE 108 {isgtuhes}___—.':'l'-'é‘;

~ft
Cell Use Use |Use Water|Use Wertical s Caompute | Interphase
FHumber| Thermal | Mixture | Packing [Stratification|Mon-Ecuilibrium| Friction Friction
1 Ll L | Ld Ld Ld Ld 4]
2 L] L] [v] [v] [v] v 0
3 [ ] [ ] v v v v 0
4 L] L] v v v v 0
5 L] L] [v] [v] [v] v 0
& [ ] [ ] v v v v 0
7 [ ] [ ] V] V] v 4 0
8 L L v [v] v ] 0
I_cell options | wall Friction | Junction Friction | ORNL Data

Figure 3.17. Pipe Friction Cell Options Table

The Wall Friction table shown in Figure 3.18, “Pipe Friction Wall Friction Table” includes
editorsfor the hydraulic diameter, wall roughness, shape and viscosity for thex, y and z axis. The
Axis Specification combo box isused to select which axisisdisplayed. Neither they nor thez axis
will be available unless specified in the cell geometry panel as shown in Section 3.2.6, “Pipe”.
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. ~ CelllJunction Frniction Data - PIPE 108 {isgtuhes}_._-.@.:}

Axis Specification | Set Relap Shape/ Viscosity Defaults

Cell ¥ Hydro Diameter| 3 Wall Eough, ) )
G i {7t {7t} g ¥ Shape X OWiscosity

1 006458 0.0 1.0 0.0
2 006458 0.0 1.0 0.0
3 006458 0.0 1.0 0.0
4 006458 0.0 1.0 0.0
) 006458 0.0 1.0 0.0
& 006458 0.0 1.0 0.0
7 006458 0.0 1.0 0.0
g 006458 0.0 1.0 0.0

[ Cell Options | Wall Friction Ljunctiun Friction LORNL Data

Figure 3.18. Pipe Friction Wall Friction Table

The Junction Friction properties table shown in Figure 3.19, “Pipe Friction Junction Friction
Table” includes editors for the forward and reverse loss coefficients as well as editors for the
Reynolds dependent oss coefficients.
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3.2.7.

3.2.8.

. ~ CelllJunction Frniction Data - PIPE 108 {isgtuhes]_._-.@_:'.}

Ij*jiunr;ttlaaenr USEDFSDSrm Fa&-\xsasrd RT_EES;SE Rl Forward BlForward C|Reverse B|Rewerse C
1
2 v] 0.0 0.0 0.0 0.0 0.0 0.0
E v 0.0 0.0 0.0 0.0 0.0 0.0
4 L]
5 v] 0.0 0.0
& L]
7 L]

L Cell Options L Wall Friction L Junction Friction L ORNL Data

Close

Figure 3.19. Pipe Friction Junction Friction Table

Note  For any of the Pipe editors and most editors in the model which edit real valued input,
the RELAP5S plug-in provides the ability to choose User-Defined Numerics. A User
Defined Numeric can be specified by doubling-clicking acell for editing and then using
the User Values menu item from the right-click pop-up menu. The User Values menu
item will provide the ability to choose a User Defined Numeric from the list of al
available numerics. For more information regarding user-defined numerics refer to the
NAP User's Manual.

Annulus

The annulus component input is identical to a pipe component, except the annulus component
must be vertical and the annular-mist flow regimeis different. Refer to Section 3.2.6, “ Pipe” for
more detailed information.

Pressurizer

The REL AP5 Pressurizer component consist of many properties contained in the Pipe component
and utilizes many of the same editors to define them. In addition to the Pipe properties,
the Pressurizer contains a Surge line Junction. In order to specify the Surge line Junction, a
connection must be made to the inlet junction or inlet cross flow faces. Once a connection is
created ( from the 2-D view ), the Surgline Junction property editor can be used to specify
that connection as being the Surge line Junction. Refer to Figure 3.20, “Pressurizer Surge line
Connection”.
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CANDU Channel

¥ Ceneral [ ] Show Disabled
Component Mame |unnamed | % ‘?
Component Mumkber ‘ 516| ™7
Description < Nane = E'EI ‘?
surgeline Junction  |% <nones ™ 7
WGV R LR ER T B Select from Hydraulic (.‘.onnectlons_:_%‘f

Vapor Heat Transfer Available Hydraulic Connections
Spray Drop Diameter Componant
Geometry Junction from TMDPJUN 517 to PRIZER 516
Friction Data
Initial Conditions
| Ok || Cancel

Figure 3.20. Pressurizer Surge line Connection

Note  The Surge line Junction editor will only display those connections which are made to
the inlet volume of the Pressurizer.

The remaining Pressurizer properties are shown in Section 3.2, “Hydraulic Components” below.

* Ceneral [ ] Show Disablad
Component Mame |unnamed | H'a ?
Component Number | 516| ™ 7
Description <None > E_—;!I v 7
surgeline Junction T <none= @ v 7
Liquid Heat Transfer | [_] - : ™7
Vapor Heat Transfer | [_] = : ™7
Spray Drop Diameter| [ ft |:| v 7
Geometry Calls: 2 / Juns.: 1 E v 7
Friction Data Valid values E ™ P
Initial Conditions Invalid Cell Conditions E Nl s

Figure 3.21. Pressurizer Property View

3.2.9. CANDU Channel

A CANCHAN isaRELAPS5 specific component type used to model CANDU horizontal pressure
tubes. ( Not available in RELAP3D ) The CANCHAN component input is identical to a
horizontal pipe component. Refer to Section 3.2.6, “Pipe”’ for more detailed information.
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3.2.10. Branch

A branch is a single volume that is used to model 1D branching fluid flow. Each branch may
have up to a maximum of 9 external junctions used to connect to other hydraulic components.
This maximum does not include junctions from other components (single junction, pump, etc.)
connecting to the branch volume.

Branch Properties

The Branch uses the same editing dialogs as the pipe component for editing geometry, initial
conditionsand friction data. Refer to Section 3.2.6, “Pipe” for more detailed information on these
dialogs.

Branch External Junctions (i.e. those stored in the branch) are edited using the dialog shown in
Figure 3.22, “Branch Junctions Dialog”. Thisdialog allows junctions to be added, removed and
connected to other hydraulic components. The From Face determineswhere on the Branch (inlet,
outlet, cross-flow face 3-6 ) the connection will originate. The Target isthe component receiving
the Branch connection. The Cell is the specific volume in the target hydraulic component to
which the connection was made. Sel ecting the Rever se option will reversethe flow of the mixture
in the selected Branch connection.

" Edit Branch Junctions -=-

7

Inclex | From Face Target _ell |Tao Face| Feverse
1 autlet FIFE 176 (isgs cham) llinlet L]
K inlet SEHCLYOL 172 (isgs dwn) 1loutlet
Add Remove
Ok Cancel

Figure 3.22. Branch Junctions Dialog

The External Junctions property editor provides notification of the number of External Junctions
owned by the Branch. Notice that the Branch in the Property View provided below contains two
External Junctions.

* General [ ]show Disabled
Component Mame |th | “B ‘?
Component Mumber | 102| 7
Description <none = E ™7
External Junctions |Invalic Values E v 7
Ceometry Cells: 1/ Juns.: 3 E 7
Friction Data Valid values E ™7
Initial Conditions | Valid values E \al g

Figure 3.23. Branch Property View
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3.2.11. Separator

The Separator (SEPARATR) component is aspecialized branch component with threejunctions:
vapor/gas outlet(1), liquid fall back(2) and two-phase inlet(3). The Separator shares many
propertieswith the Pipe component. Refer to Section 3.2.6, “ Pipe”’ for more detailed information.

¢ eomeiry - SLPARATH 8

ur hioir Hydraidic Chpking Singls e Afea Momsnmium SIEE

Humbér L. {1 Made W ameerhun hings ¥ ¥
vapor Lhulle 110 1 I L .1
Liguid Srbied I I

Twi-phase inlel 0 1] | 1] 1] i

Cells O b i nE Ui s

Clise

Figure 3.24. Separator Junction Labels

Separator Properties

RELAPS5 allows the specification of multiple staged Separators. Selecting the Separator Model
property provides a list of options which determine the type of Separator being specified.
Depending on the type of Separator being modeled, specific stage properties become available.
The four types of Separators allowed in RELAPS are listed below:

» Simple Separator

GE dryer Model

GE two-stage separator

GE three-stage separator

The RELAP5 Separator modeling provides the ability to define a series of Separators based on
a single Separator. Natice in the below figure, a Number of Components property is provided
which accepts an integer value corresponding to the number of Separators represented (thisis
available for a Stage 2 or Stage 3 Separator).
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* Ceneral [ ] Show Disabled
Component Name lisgs sep | ¥ 9
Component Number | 1?1| v 7
Description <M0ne = E l"EI ‘?
Separator Model [3] GE three-stage separator - ([ P
Number of Componems|[  0|/{™P
Enable CCCOS01 ® True () False ™
GE Stage 1 Valid values B®e
Enable CCCOS02 ) True (@ False ™
Enakble CCCO503 ) True @ False vy P
Geometry Calls: 1/ Juns.: 3 E v 7
Friction Data Valid values E vy P
Initial Conditions valid values ™
VOVER O Nl 4
VUNDER O ™
» [CCCO500] GE Separator Data

P [CCCOG00] GE Dryer Data

Figure 3.25. Separator Properties

3.2.12. Jet Mixer

A jet mixer (JETMIXER) component is a specialized branch component with 3 junctions:
drive(1), suction(2) and discharge(3). A jet pump is modeled in RELAPS using the jet mixer
component. In ajet pump, the pumping action is caused by the momentum mixing of the high-
speed drive line flow with the slower suction line flow. The input for ajet mixer component is
the same as that for aBRANCH component, with the following modifications:

1. For a BRANCH component, the junctions connected to that branch can be input with
the branch or as separate components. For a Jet mixer, three (and only three) junctions,
representing the drive, suction, and discharge, must be input with the Jet mixer component,
i.e, NJ=3.If NJisnot equal to 3, an input error message is printed.

2. The three junction card sequences must be numbered as follows. Cards CCC1101 and
CCC1201 represent the drive junction. Cards CCC2101 and CCC2201 represent the suction
junction. Cards CCC3101 and CCC3201 represent the discharge junction in the mixing
section.

3. The drive and suction junctions must have their TO connection codes referring to the Jet
mixer volume, and the discharge junction must have its FROM connection code referring
to the Jet mixer volume. If thisis not the case, an input error message is printed. The drive
and suction junctions must be connected to the inlet side of the Jet mixer volume, and the
discharge junction must be connected to the outlet of the Jet mixer volume. If thisis not the
case, an input error message is printed.

Jet mixer editing dialogs label junctions to be their appropriate name as shown in Figure 3.26,
“Jet Mixer Junction Labeling”.
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L Geometry - JETMIXER 1

Junction Hydraulic Choking | Single Vel. Area Area

Humbar Diamn. (m) Mol mMomantum | Changa (™)
Drive Inlet_| 0.0 i) i) 0.0
Suction Inlet | 0.0 0| 0l 0.0
Dutlet 0o 0 1] nn

| Cells | Oriertation

Dz | Junctions

Closa

Figure 3.26. Jet Mixer Junction Labeling

3.2.13. Turbine

For a TURBINE component, the primary steam inlet junction must be input with the TURBINE
component as the first junction. If a steam extraction (bleed) junction is desired, it must be
input with the TURBINE component as the second junction. Thus, the number of junctions
must be either 1 or 2. Cards CCC1101 and CCC1201 represent the steam inlet junction, and
Cards CC2101 and CCC2201 represent the steam extraction bleed junction (if desired). The
"TO" connection for the steam inlet junction must refer to the inlet of the TURBINE (old
format is CCC000000, and expanded format is CCC010001). The Number of Junctions option
in Figure 3.27, “Turbine Completion Dialog” allows the specification of 1 ( no steam extraction
junction) or 2 ( steam extraction junction ) junctions.

£ Initalize TURBINE

Total Length

Flow Area

Number of Junctions

Ok

Figure 3.27. Turbine Completion Dialog

In addition to standard geometry, friction, and initial condition properties, the Turbine allows a
connection to a Shaft with a connection control. A Shaft can be connected to a Turbine simply
by using the provided selection editor and selecting the a Shaft component. The Shaft selection
editor is shown in Figure 3.28, “ Turbine Shaft Selection”. Shaft Velocity, Inertia, and Friction
attributes can be defined in the Turbine Property View.
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* Ceneral

Select from Control Blocks
Component Mame

Companant Numb] Available Control Blocks

Descrintion Mumber Component
M 1 CB 1 sum {cormass) -
Geometny 2 CB 2 sum {upmass) =
. 3 CB 2 sum {lpmass)
Friction Data 4 CB 4 sum (dnmass)
Initial Conditions ] CE 5 sum (uhmass) —
a R A& sum fihlmassi v
Shaft Velocity
Stage Inertia
o ‘ Ok || Cancel |
Shaft Friction
Shaft £} CB 4 sum (dnmass) ™7

Figure 3.28. Turbine Shaft Selection

The turbine also provides the option of specifying a Shaft connect/disconnect trip controller
(Discon. Trip) directly below the Shaft property as shown in Figure 3.29, “Turbine Property

View”.

» Ceneral [ ] Show Disabled
Component Name  ||[unnamead lials
Component Number | 518| ™7
Description <nones E 7
Ceometry Cells: 1/ Juns.: 2 E ‘a ‘ﬁ’
Friction Data Valid values E v 7
Initial Conditions Invalic Cell Conditions E__f" “'a ?
Shaft Velocity | L.0] crys) 40| 7 P
Stage Inartia | l.0| (o™ ft?) : ™7
Shaft Friction | 1.0 )[4 [ @
Shaft £1: CB 4 sum (dnmass) E 7
Discon. Trip £~ Logical Trip 1606 ™ P
Turbina type [0] Two-row impulse stage group. - |7
Actual Efficiency 1-'3'| (=) I: ™ P
Reaction Frac. | 1.0] () I: ¥
Stage Radius | 1.0| (ft) |:| f'a ¥

Figure 3.29. Turbine Property View

3.2.14. ECC Mixer

The ECC mixing component (ECCMIX) is a specialized branch with 3 junctions: the ECC
inlet(1), the norma inlet(2) and the discharge outlet(3). The geometrical description of the
ECCMIX component is very similar to that of the Jet mixer component with the addition of
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an angle for the ECC pipe connection (ECC Jun. Angle). For more information on the refer to
Section 3.2.12, “ Jet Mixer”.

3.2.15. Valve

A Vaveisused to regulate flow by varying the flow area at a specific location in aflow stream.
The RELAP5S valve is modeled as a junction component that provides a means of varying flow
area as afunction of time and/or hydrodynamic properties.

Since the Valveis modeled as ajunction it uses the same editing dialogs as the pipe component
for geometry, initial conditions and friction data. Refer to Section 3.2.6, “ Pipe” for more detailed
information on these dialogs.

Valve Properties

The valve properties are primarily dependent on the Valve Type selected. Figure 3.30, “Valve
Property View” below displays the properties of a sample valve.

* Ceneral [ ] Show Disabled
Component Name  ||btbvaly |1 7
Component Mumber | 298| v 7
Description <none > E' ™7
Inlet T3 Junction from VALVE 298 to BRANCH 280 %9 9
Qutlet T2 Junction from VALVE 298 to TMDPVOL 299 ¥4 9
Geometry Calls: 0/ Juns.: 1 E v 7
Friction Data Valid values E ™7
Initial Conditions | Valid values ] ?
Yalve Type Trip Valve - [ P
Trip Mumbear £ Variable Trip 418 E v 7

Figure 3.30. Valve Property View

3.2.16. Pump

The hydrodynamic model of a pump component consists of one volume and two associated
junctions. One junction is connected to the inlet and is called the suction junction; the other
junction is connected to the outlet and is called the discharge junction.

General Properties
The pump uses the same editing dialogs as the pipe component for editing geometry, initial

conditionsand friction data. Refer to Section 3.2.6, “Pipe” for more detailed information on these
dialogs.

3.2.17. Compressor

The Compressor isa RELAP3D 2.4 specific component and consists of one volume and at |east
one junction, attached to the inlet (suction) end of the volume. Optionally, a junction can be
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attached to the outlet (discharge) end of the volume. The Compressor Completion Dialog is
identical to the Turbine completion dialog shown in Figure 3.27, “Turbine Completion Dialog”.

The Compressor component allows a Shaft connection and Trip Disconnect controller much like
the Turbine and uses the same Shaft selection editor as shown in Figure 3.28, “ Turbine Shaft
Selection”. The Compressor Property View is shown below.

* Caneral [ ] show Disablad
Cormponent Name [unnamed | 7
Component Number | 519| P
Description <Nanes E il s
Fosition Control ] P
GCaometry Cells: 1/ Juns.: 2 E P
Friction Data Valid values E P
Initial Canditions Invalid Cell Canditions E il s
Compressor Inertia ) True @ False P
Use Shaft ) True @ False il s
Use Stop Controls ) True @ False P
Relative Motor Torque | () True ) False P
Use Time Rotation Vel | (3 True @ False P
Relative Velocity Data | Valid values lE' P
P [CCCO301] Compressor Index and Option

b [CCCO302-4] Comprassor Description

Figure 3.31. Compressor Property View

3.2.18. Multiple Junction

The one or more junctions specified by this component may be used to connect volumes in the
same manner as several Single-Junction components except that all the volumes connected by
the junctions in the component must be in the same hydrodynamic system.

Multiple Junction Properties

The multiplejunction component uses the same editing dial ogs as the pipe component for editing
the geometry, initial conditions and friction data of its junctions. Refer to Section 3.2.6, “Pipe”
for more detailed information on these dialogs. Additionally, the Multi-Junction component
provides editing dialog to construct its hydraulic connections shown in Figure 3.32, “Multi-
Junction Connection Editor”
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Cadit Muslti-_bunction Junctions

Junichion Fram Froem Fram To Ta Ta

Inidie Component Caall Fate Componont Call Fasn
|;"|FE a0 (0g-Ne-11) LA _E'EH'-E-""II'P- &, DuRlE Facae) _F-l‘ih'w.-'_'.-ﬂ 1 =i _| Ll _E'M-E"'l:lw &, mlal FEeES)
JPSMEIULLIE 11 fegind-1) [ of 1 |cenpeions T, oullel (acas)  AMMULLEE 17 (@cind-10 1 of1 | cengsiow T, imlal faces
FENNULLIE 17 faeind-1) |1 of 1 |cropefon 7, oullel faced) ANNLLLIS 13 (dond-1) |1 o1 |ceopsfioe 7, el aces)
A[BNWUILLIE 14 (deind-1) [0 ol [espsefiow 7, pullel (lacsd)  ANPMULLIE 15 (donS-1) (1 of 1 [coogsfiow 7, imlel (faceS)
SIANMIULLIS 15 doeinS-1) |1 of 1 |erosefow T ouliel faces) | ANMNLULLES 16 fdoind-1) |1 of 1 |censafow 7 inlel faces)
B{ANNLILLIS 15 {ocind-1) [ ort_|ceonpiow 7, oullel facesy  ANMLLLE 11 (@ond-1) (1 of 1 |coossfow 7, el faces)
?IP|FF gl Y ] _' ol i |EDE o 7 oufied Jacash _.lhr.l..l L 13 {dcind-1}h _I of i |CDE o [l T e T ]
BIPIFE T (dwhal-1) 1ol |censsfow 7, oullal faced) AMMULLES 14 (dcind-1) [1 of1 [ceossfiow 7, mlel faceS)
QJFIFE 17 (do-ha) [ ort|inkt AHMULLS 30 (dcboopd |1 of 1 |ink

Sl | Hinpunirys b0 |
[0 Cancel
L 4 L |

Figure 3.32. Multi-Junction Connection Editor

The Multi-Junction Connection Editor providesthe ability to Add/Remove and Edit connections.
The From and To component properties are edited with a hydraulic component selection
editor. Once a component is specified, the From Cell will update to coincide with the selected
components nodali zation scheme. ( Refer to Figure 3.33, “Multi-Junction From-To Cell Editor”.
) The From Cell and To Cell property editor provides a drop-down box which displaysalisting
of all available hydraulic volumes.

. Edit Multi-Junction Junctions X

Junction | From Fram From To To To

Index Component Cell Face | Componant Call Face
1|PIFE 20 {dc.. 1ol 1 crossflow 2. JANNULUS . (1071 Crossfow 2
2| AMMULUS . : [crossflow 2,...
AANMNULUS . crogsflow 2,...
4{AMMULLE crossflaw 2,
SAMHULLUE Selact Coll crossflow 2,
BlaMMULLS ] |1 "| crossfow 2.
FIPIPE 21 (... lcrossflow 2, ..
B[PIPE 21 (d... OK Cancel lcrossflow 2, .
S|PIPE 22 (dc linlet

Mdd | Remove | Set
Ok Cancel |
—

Figure 3.33. Multi-Junction From-To Cell Editor

The Multi-Junction Connection Editor also provides the ability to "zipper" connect two distinct
hydraulic components. Pressing the Set button at the bottom right-hand corner of the editor opens
autility dialog which can create multiple connections between two components using a specified
increment and/or starting offset. Notice in Figure 3.34, “Multi-Junction Utility Connection
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Editor”, the utility editor allows the specification of two hydraulic components. Once ahydraulic
component is specified, the Starting Cell and Ending Cell spinners constrain the cell selection
based on the number of hydraulic cells available in the specified component.

Totheright of the Starting and Ending Cell spinnersisthe max number of cellsavailableto the
specified component. The I ncrement option providesthe ability to choose aseries of cellswhich
arein succession based on theincrement selected. (i.e. Inthefigure below, if theincrement were
2, the connected cellswould be 1 35.) The Inlet Face option decides which hydraulic cell face
connections will be made. (i.e. In order to make cross-flow connections between components,
the Inlet Face should be set to appropriate crosss-flow faces. )

2 Specify Component Data

Irilet Corrpebment PIPE B2 (cor-inte) |5"
Starting Cell 1 of 12 | §
Ending Cell = of 12 | §

InCrerrent

Inlet Face .il"IE! ;*r.

Oustlet Component PIPE 520 (sg5itb1) | &*
Starting Cell 11 of § | T
Ending Cedll b of 5 F

Increment 1

Outlet Face inlet -

Ok Cancel

Figure 3.34. Multi-Junction Utility Connection Editor

The Multi-Junction component also contains basic Junction geometry, friction, and initia
condition data. Examples of the editors used to edit these properties can be seen in Section 3.2.6,
“Pipe’. The RELAPS plug-in updates the Multi-Junction editors when the number of Junctions
changes in order accurately reflect the structure of the component. The basic Multi-Junction
properties are displayed below.
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¥ Ceneral [ ]show Disabled
Component Mame |unnamed | ™7
Componeant Number | 520| ™7
Description <nane = H‘B ‘?
Ceometny Cells: O/ Juns.: 3 ™ P
Friction Data Valid wvalues ™Y
Initial Conditions | Valid values ™Y
Connections Imvalid Values ™

Figure 3.35. Multi-Jun Property View

3.2.19. Multiple Flexible Wall

The one or more flexible walls specified by this component can connect volumes in the same
manner as several single flexible wall components except that all the volumes connected by the
flexible walls in the component must be in the same hydrodynamic system.

¥ General [] show Disabled [ | Show Owner
Name [unnamed Misk
Component Mumber | 11| ™ P
Description <none= Nal
Compress On Export | ® True O False Valk
Geometry Cells: 0/ ]Juns.: 4 E Nl
Connections [4] Junctions E “'a ‘?

Figure 3.36. Multiple Flexible Wall Properties

The multiple flexible wall component uses the same Connection Editor as the multiple junction
component (Section 3.2.18, “Multiple Junction”). The geometry editor, however, is somewhat
different. The geometry of aflexible wall consists of aflexible wall area and a displacement vs
volume/stiffness table.

Junction Area wall
Number (ft2) Table
1 1.0|General Table 2
2 1.0|General Tahle 2
3 1.0|General Table 2
4 1.0|General Tahle 2
Junctions

Close

Figure 3.37. Multiple Flexible Wall Geometry
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3.2.20. Accumulator

An accumulator is alumped parameter component treated by special numerical techniques that
model the tank, tank wall, surge line, and outlet check valve junction until the accumulator
is emptied of liquid. When the last of the liquid leaves the accumulator, RELAP5 resets
the accumulator to an equivalent single-volume with an outlet junction and proceeds with
calculations using the normal hydrodynamic solution algorithm.

The Accumulator Geometry, Friction, and Initial Conditions editors are similar to the Pipe
component as described in Section 3.2.6, “Pipe”’. Additional properties for the RELAPS

Accumulator are displayed below.
¥ Ceneral [ ]show Disabled
Marme |inta|:|:um | H‘B ‘?
Componeant Number | 190| ™7
Description <None = Vs
Geometry Flag L] D ™
Ceometry Cells: 1/ Juns.: 1 "'a ‘?
Friction Data Valid values Nl s
Initial Conditions | Valid values Nl s
Tank Lig Vol 2449.02| ) |db| |[F P
Lig Level 0.9) {ft}l Vs

14.375| ) [0 |7y 9
0.22917] iy || ¥

Elevation Drop

|
|
Surge Length | 33-3339| lifﬂ' ™7
|
|

Wall Thickness

Heat Flag |Calculate Heat Transfer E “-a ‘?
Tank Density 0.0| (bmym3) Vs
Heat Capacity | '3'-'3'| (Bru/ilbm =~ Fl'l' ™ P
Trip ] < Inactive = |:| ™7

Figure 3.38. Accumulator Property View

3.2.21. Multi-Dimensional Component

The Multi-Dimensional hydraulic component(MULTID) defines a one, two, or three-
dimensional array of volumes and the internal junctions connecting the volumes. It is described
asathree-dimensional component but can be reduced to two or one dimensions by defining only
one interval in the appropriate coordinate directions. The geometry can be either Cartesian or
Cylindrical. The Multi-Dim component isonly available in RELAP 3D.

A Multi-Dim component with acylindrical geometry isdisplayed in thefollowing figures. Multi-
Dim components with a Cartesian geometry have near identical editing dial ogs.
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Multi-Dim Completion Dialog

The RELAPS plug-in provides acompletion dial og which describes the geometrical attributes of
anewly constructed Multi-Dim. Three specific geometry types are supported and are asfollows:

* Partia Cylinder

« Full Cylinder

» Cartesian

A Partial and Full cylindrical geometry Multi-Dim component contains the same set of
completion options. The difference between the two typesisthat the Full cylinder geometry type

reguires an azimutha angle of 360 degrees. The following figure shows the completion dialog
for acylindrical geometry type.

Geomelny .Pmial Cylincler ™

Hewit | 12192 m
MultiDim Outer Radius | 1048 m
Total Azimuthal Angle | 180.0 deg

Mumber of Axial Levels 2=

Hurrilser of Radial Rings 6

Humber of Azimuthal Sectors 6=
0k Cancel

Figure 3.39. Multi-Dim Cylindrical Completion Dialog

The completion dialog for Cartesian geometry provides X and Y attributes as opposed to radial
and azimuthal specification. The completion dialog for aMulti-Dim component with a Cartesian
geometry is show below.
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¢ |Initialize Vessel Data

Geometry  Cartesian B

Height | 12192 m

¥ Dimension Length | 1048 m

¥ Dimensson Length | 1048 m
Number of fxdal Levels 2=
Number ¥ Dimension Cells 6—
Number ¥ Dimension Cedls 6—

ok || cance

Figure 3.40. Multi-Dim Cartesian Completion Dialog

Multi-Dim Geometry Editor

The Multi-Dim component providesaunique 3-D geometry view with utilitiesto rotate, trandl ate,
and zoom. Selecting a hydraulic cell from the table in the geometry dialog updates the 3-D view
to the nodes selected. The basic 3-D view is displayed below.

Helwrdan L orrscimn
et A Lgaal | Pwids. -
Cna iy dertisal PO sERS

et
A

Lq= imi e 1
| e o | bt | & (=
E Pl | ot | o Pl o | o [ o | Bl | R 2ol
2=l =a ] T =

Clnm

Figure 3.41. Multi-Dim Geometry Editor

By default, the geometry editor displays cell thicknesses. Actual positions can be displayed and
edited by selecting the Display Actual Positions check-box below the axis selection editor. The
geometry editor provides a cell highlighting feature which identifies the range of data currently
selected in the table. The Select Axis drop-down box provides aternate selection modes. The
figures below demonstrate the different selection modes available.
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Figure 3.42. Axial Selection Mode

Figure 3.43. Radial Selection Mode
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Figure 3.44. AZimuthal Selection Mode

The Multi-Dim geometry editor contains a tab |abeled Connections. Selecting the Connections
tab provides a connections view for the current Multi-Dim component. The upper table provides
a view of all external component connected to the Multi-Dim component and how many
connections to each of those specified components have been made. The lower table lists
the specific hydraulic connection information into 2 categories, the Local Side in which the
hydraulic connection originated, and the Remote Sidein which the hydraulic connection connect
to. Information about each of side of the hydraulic connection is then provided and is displayed
in Figure 3.45, “Multi-Dim Connections”.
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Figure 3.45. Multi-Dim Connections
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Multi-Dim 2D Editing Dialogs

The remaining Multi-Dim property editors provide a 2-D selection interface. The 2-D display
issplit into 2 separate views, a Top Down View and an axial Side View. Selecting a hydraulic
Cell/dunction in one of the provided diagrams will select the associated hydraulic volume in
the provided table. If hydraulic cell properties are being edited, the cells themselves may be
selected from the axial view. Additionally, selecting rows of data from the table will highlight
the appropriate datain the axial Side View. This can be seen in the following figure:

Tiop Dorsen i Calls | Edgees | Wi s
Walsme Proparties Facior -
RiAg 1 Ring 1 Riag 1 s Frire Fi
i 1 St 3 Bact 3 Gacl 4 Bect 1 )
Lerval 300 | | (T 10 10 10
 erval 26 | | 1 im0 10 1
vl 26 | | 10 10 ia ia
 rval 27 | 1.0 10 10 10 ia
| erval 26 | K| 1 im0 10 10
| rvml 15 | | 10 10 ia 10
 rval 24 | | 10 10 10 10
| oval 13 | | i im0 10 10
 rval 17 | | 10 10 10 10
(it St Al st 21 | 1.0 1.0 1.0 1.0 14
| orval 20 | | 10 0 10 10
Sl e v 15 | | 10 10 10 10
— vl 1B 1.0 10 10 10 10
Al TN | 10 10 10 10
Eﬁ vl 16 | 1.0 10 10 10 10
Coaed vl 15 1.0 10 10 10 10
ke  crval 14 10 10 10 10 10
L vl 13 1.0 10 10 10 10
o vl 17 1.0 i 10 10 10
b Larval 11 1.0 1.0 1.0 1.0 10
o vt 10 1.0 il i0 10 10
ek vt 4 | i0 i i i1
Lol | crval @ 10 i 10 10 10
e vl 7 | i i0 i i
Lowd | crval B 1.0 il 10 10 10
e | vt 10 i 0 i i1
EElJ vl 4 | i i i i
o Lot 3 1.0 1.0 1.0 1.0 1.1
it | crval 2 1.0 il 0 10 10
é: Lardal 1 1.0 1.0 1.0 1.0 1.0
I
I
Chaar Saziecr il 1] I I [¥]
[ Coma |

Figure 3.46. Multi-Dim 2D Cell Selection

Specification of hydraulicjunction propertiesissimilar to that of thecells. Noticeinthefollowing
figure that selecting avalue from the table highlights the junction region on the axial Side View.
Junctions are selected from the Side View by clicking on the dotted line.

RELAP5 Plug-in User's Manual 44



Multi-Dimensional Component

Toogs Drmem Vs Colls | Efges | WG Gies
Face |l |~r MEMM mciion | v | .
RiAE 1 [ RiAg 1 [ Aiag 1 s 1 [ Fireg: T [ F'I.
e T Saet 1 Saet 3 Bact 4 Baet 1 8
25 | 1.0 0 ] 10 1]
I8 | | i i 1a 1]
ar | 1.0 1.0 1.0 10 10]
2 | K| | i ) 1]
25 | | i 10 ia 1]
1| | | i 10 1]
2% | K| | i ) 1]
17 1.0 10 10 10 ia
: 1] I 1 S— DT
(st Southad il 20 | 1.0 1.0 1.0 1.0 10
| 15 | .00 1.0 1.0 1.0 1.0
Sl e e | | i 10 10 1]
17 1.0 1.0 1.0 1.0 10
w2 16 | K| 10 i} 10 |
LS
= bl 15 [ | 10 10 0] 1]
Cosed vl 14 | 1.0 | 10 ) 110]
ke CIRER| | i i i1 1]
L vl 13 1.0 10 10 10 10
ek vt 11 | 10 1.0 10 T 14|
2l vt 10 | 1.0 in 10 10 1]
pd bl | 1.0 i 10 1] 1]
e vl 8 10 i 10 ) 4]
Lesd Wbl | 1.0 i 10 10 1]
e wih | | i i i1 ]|
Lowid vl 5 1.0 in 0 10 10
] w4 | | i i i ]|
-t wat 3 1.0 1.0 1.0 1.0 11
Ll val 2 1.0 i0 1.0 10 ]|
Tl il 1 1.0 i i i i1
I
I
%I
o || Solecr s L1 I I |
[ [T .
| SESS——

Figure 3.47. Multi-Dim 2D Junction Selection

The 2D hydraulic cell/junction properties are specified by the down-down boxes at the top of
each editor. Selecting a specific property from the drop-down boxes will update the editing table
provided. Multi-Dim junction properties provide the option of selecting the face to which the
properties are being set.

Multi-Dim Connections

Creating hydraulic connections To/From the Multi-Dim component is done through the 2-D
view. The connection to the Multi-Dim component is done much like any other component in
the RELAP plug-in. The connection tool is used to start the connection and is done by selecting
a connection point from another component and then selecting a drop zone point on the Multi-
Dimensional component. Once a connection has been established, a connection completion
dialog is provided. The connection completion dialog provides options to determine the proper
location to which to create the connection and is shown in Figure 3.48, “Multi-Dim Connection
View”.
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Figure 3.48. Multi-Dim Connection View

3.2.22. Feedwater Heater

The Feedwater Heater component is a specialized horizontally oriented branch component with
two or threejunctions. The Heater isonly availablefor REL AP3D models. Editorsfor Feedwater
geometry, initial conditions, etc. properties resemble the Pipe component and are described in
Section 3.2.6, “Pipe”. The Feedwater Heater Property View is provided below.

¥ Ceneral [ | Show Disabled
Title [feedheat Niaks
Componeant Number | 519| ™7
Description <None = Vs
Ceometny Cells: 1/ Juns.: 3 ™ P
Friction Data Valid wvalues ™
Initial Conditions | Invalid Cell Conditions ™ P
Bl

Water Level Table |[ ] =

P

Figure 3.49. Feedwater Heater Property View

3.3. Control Systems

The control system of model is used to perform calculations and provide system inputs to
allow feedback controls and user interaction to the model. The control system consists of signal
variables, control blocks, interactive variablesand trips. The signal variables serve asinputsfrom
the model. Control blocks provide a value based on manipulation of input data. Trips activate
when an input value enters or exits a specified range.

3.3.1. Signal Variables

Signal variables serve as input obtained from elsewhere in the model. This may be a global
property, such as calculation time, or a probed value from a specific location in a component
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such as the pressure in a cell of a pipe. The signal variables are further divided by the source
of the property.

Signal Variable Creation

A signal variable creation dialog is available from the right-click New item provided on both the
global signal variables category node and its children. Selecting the New option from the general

signal variables category nodewill open the signal variables creation dialog with the All category
selected. The All category showsall of thetypes of signal variablesin thetypetable. If thedialog
is opened from a specific signal variable category, the category which opened the dialog will be
selected in the category table. A selection from the category table updates the type table to only
display signa variable types appropriate for that category. When a selection ismade in the Type
table, the Creation Criteria property view will update to display the attributes available for the
selected type. This property set allows the user to define the type of signal variable they wish
to create. Configuring these attributes will determine which signal variable will be created when
the OK button is pressed. The "Signal Variables to be Created" list displays the signal variable
that will be added to the model when the OK button is pressed. Modifying the " Creation Criteria"

properties will automatically update this list to show which signal variable will be added. If a
signal variable to be created already exists in the model, the tag "{exists in model}" will be
displayed next to the signal variable, and will not be created when the OK button is pressed.

Create a Signal Variable(s)

Filter by Type || Cimcude pescription

Category Type Creation Criteria

Prefix Description v General [_|Show Disabled

or vaper specific heat CP at vaper temp, ~ —
o GG sec i heat 2L Vamor 12mD. Accumulator| @ ACCUM 120 Gmaccum) 87|
.

Signal Variables to be Created
£ acqrank 190

nnnnnn

ompone

uciure

|||||

Figure 3.50. Signal Variable Creation

TheVolumetric, Junction, and Heat signals allow the analyst to define ranges of signal variables.
When avariable of one of these typesis created, the "Creation Critiera" properties will include
Starting and Ending values for the range. All variables which lie between the specified range
(inclusive) will be created when the OK button is pressed. The "Signa Variablesto be Created”
list will display the range of variables that will be created. When the starting value of a range
is adjusted, the ending value will be set to the start. For 3D volumes and junctions, the ending
range editors will ensure that only one direction is varied.
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@

Create a Signal Varliable(s)

Filter by Type |

[~] CImeiude Deseription

Category Tye Creation Criteria
= All I Prefix Description ~ General [ ] Show Disabled
> Component ALLVOLS |ALL the volume data will be written to the piot file - )
e mm'm oL T Valumetric Face [0] Volume Only [~e
21 Heat BT Sl e e el X roses FIEESE ?
. Vapor isobaric cosfficient of the thermal expansion. L
?::::::(hd! igk N SAiaU‘a\ bnrnnudenslt\/ : — ‘ — starting volume x| 1 v[ 2Hz[ 2 |9
celeration due to centripetal component of the body force cue to plant motion (m/s2,
II Volumetric COURANT _|Volume Courant time slepus\ze ) o 2 | |:||Ending Volume x5y 2z 55 |9
CSUBPF|Liquid specfic heat, Cpf, bull conditions
CSUBPG __[vapor specffic heat, Cp, bulk conditions
GCONL __|Dissolved gas concentration for the first gas species identiiied on Card 110
GCONZ _|Dissolved gas concentration for the second gas species idsntifisd on Card 110
GCON3__|Dissolved gas concentration for the third gas species dentiied on Card 110
GCON4__|Dissolved gas concentration for the fourth gas species identified on Card 110,
CCONS_|Dissolved gas concentration for the fifth gas species identified on Card 110 e T
GMASSL |Dissolved gas mass for the first gas species identified on Card 110 (kg , Ibm)
GMASS2  |Dissolved gas mass Tor (he second gas species identified on Card 110 (kg , lom) [EioloTIT02020
CHASSZ _|Dissalved gas mass for the third gas species identified an Card 110 dg , lom) T avol 519102030
GIASSA |Dissolved gas mass for the fourth gas species identified on Card 110 (kg , Ibm) IT avel 519102040
GHASSS |Dissolvad 0as mass for the fifth gas species identified on Card 110 (Ko, Ibm) IT avel 519102050
P artial derivative of T with respect to P.
FDUF |Partial derivative of T with respect to I
GDP artial derivative of g with respect to F.
CDuc ‘artial derivative of g with respect to Ug.
GDXA__|Partial derivative of g with respect to Xn.
artial derivative of Ts with respect to P
G artial derivative of Ts with respect to Ug.
XA artial derivative of Ts with respect to Xn.
oF artial derivative of Tf with respect o prassure
DUF__|Partial derivative of Tf with respect to L.
GDP ‘artial derivative of Tg with respect to P.
CDUC__|Partial derivative of Ta with respect to Ug -

Figure 3.51. Signal Variable Range Creation

The creation dialog provides afilter utility to make locating the desired signal type easier. When
avalue is entered into the filter, the type column will be pruned to match the specified filter.
The category list will update to include a matches tag next to each category. These match tags
identify how many of the category types match the specified filter. By default the filter will be
matched against only the Signal Variable type names. If the "Include Description" checkbox is
selected, the filter will be compared against the signal type and description. The signal variable
creation dialog will remember the last 5 filters entered by the user and expanding the dropdown

box will display these previous filters.

@

Filter by Type [Total

Category Type Creation Criteria
|G- All (64 matches] Prefic Description ¥ General [_|Show Disabled
€5 Component (3 matdhes) JACQTANK_[Total energy transport to the gas in the accumulator e S Heat struciure 3150 BIG
|« General {17 matches) CLSTRN atal cladding strain
-1 Heat (5 matches) FEL] otal junction elevatioon change pressure drop. Starting Heat Cell 1 o8 L]
I ) JUNFT otal forward user input formioss coefficient
E]""m"" o marches) RT otal reverse User input form 0ss coefficient Ending Hear Cen [ ors ?
Radionuclide {no matches) ITH otal enthalpy flow in junction
T Volumetric (7 matches) HFTOT otal Feat flux
HGAP otal gap conductance, including radiation (W/m2sK, Btu/S-ft2 soF)
HLOSSX. otal junction form loss pressure drop.
HTHGEN _[Total hydrogen generation at this heat structure
HTMWRQ _[Total heat generated by metal-water reaction
HTMWRQ _[Total heat generated due 10 the metal-water reaction model
HOAVC |Valume average total density (kg/m3, 1am/f3)
RKOZAF _[Total actinide decay power in zone zzzz (W) Elle] ST E D 20 60 G
RKOZFP__[Total immediate (prompt and delayed neutro) fission power in zone zzzz (W) =
RKOZGP _|Total decay (fission procucts and aciinide) power in zone 2222 (W) =I'hoap 3150001
RKOZTP__[Total power in zone zzzz (W) 21 hgap 3150002
RI otal power (W) 30 hgap 3150003
RKPOWA [T otal actinide decay power (W) =1 hgap 3150004
RKFOWF _[Total immediate (prompt and delayed neutron) fission power (W) ~1 hgap 3150005
RKFO otal decay (fission products and actinide) power (W) 1 ngap 3150006
otal volume heat source from the wall and direct moderator heating. 1) OerD RPN
EAC otal reaciivity feedback. =
EACM otal reactivity feedback from moderator density changes 30 hap 3150008
HO otal density:
HOM otal densityfor the mass error check
IACFOW _[Total actinide decay power (W)
OACFOW [T otal reactor actinicle decay power (W)
OFIPOW_|Total reactor immediate (prompt and delayed neutrons) fission power (W),
OGCAPOW [Total reactor decay (fission products and actinide) power (W).
|RKOTFOW_[Total reactor power, i.e., sum of immediate (prompt and delayed neutron) fissio.

Figure 3.52. Signal Variable Creation Type Filter

Signal Variable Type Edit

The Signal Variable Signal Type property editor provides a means of modifying the type of the
selected signal variable across each of its control system usages. When the type editor is opened,
acategory list and typelist will be preselected to the type which opened the editor. The Category
valueisfixed to the type selected. The type table can be adjusted if atype changeisrequestedin
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the usages. When atypeis selected, the propertiesfor that type will be displayed in the Properties
property set panel. If ausage is selected to be updated in the usages table, the data specified in
the type and properties will be applied to that usage. If al of the usages in the lower table are
selected to be updated, then the signal variable which opened the type editor will be modified
to the new type with the specified properties. If only a subset of usages are to be updated, only
the selected usages will be updated to use the signal variable defined by the type and properties
in the dialog. If the type and properties specified define a signal variable which aready exists,
that signal variable will be used instead of building a new one. If not, a new signal variable will
be created and applied to the given usage.

The type edit dialog provides a filter utility to make locating a desired signal type easier.
When a value is entered into the filter, the type column will be pruned to match the specified
filter. By default the filter will be matched against only the Signal Variable type names. If the
"Include Description” checkbox is selected, the filter will be compared against the signal type
and description. The signal variable type edit dialog will remember the last 5 filters entered by
the user and expanding the dropdown box will display these previousfilters.

Ll Edit "P 150010000" Type Data and Usages x

Filter by Type |HI ‘v| [] Indude Description

Category Type Properties

J[ prerix | Description ~ General ["|Show Disabled

A [HIF |Liquid sicle interfacial htc per unit volume Hydraullc |‘¢ PIPE 150 (ares) ‘?
HIG [Vapor side interfacial htc per unit volume

| Parameter|| 3} of 6 ?

Update Variable User Existing Variable Replacement Variahle Contraller Input Connection

v CB 120 mun (pzrpress) P 150010000 fig 150030000 il

[v] Variable Trip 4032 P 150010000 hig 150020000 - trip connection -
] Variakle Trip 501 p 150010000 P 150010000 - trip connection -
O Variable Trip 503 b 150010000 b 150010000 ~ trip ection -
v Variable Trip 508 p 150010000 hig 150030000 - trip [ -
v Variable Trip 508 b 150010000 hig 150020000  trip_connection -

canca

Figure 3.53. Signal Variable Type Editor

General Signal Variables

General signal variables serve to retrieve general system information. Current problem CPU
time, current timestep, or mass error estimate are three examples of many General signal variable

types.
Component Signal Variable

Component signal variables obtain a specific value from acomponent, such asturbine efficiency,
pump torque or valve arearatio. These signal variables require a component reference but have
no specific location. The properties of a sample Component signal variable are displayed below
in Figure 3.54, “Component Signal Variable’.
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¥ Ceneral [ ]show Disabled
Signal Type |PMPTRQ ™ P
Pump &7 PUMP 209 (bpump) ™ P

Figure 3.54. Component Signal Variable

Volumetric Signal Variable

Volume signal variables are used to obtain a value from a cell inside a hydraulic component.
These signa variables require a hydraulic component reference and a location (called
Parameter). Pressing the Sbutton will open acomponent selection dial og displaying all hydraulic
components in the model.

Junction Signal Variables

Junction signal variables provide access to junction information for a specific hydraulic
component. Much like the Volume signal variables, the user must select a hydraulic component.
Instead of specifying a cell the user must select a junction inside the component. Pressing the S
button opens the component selection dialog displaying all hydraulic componentsin the model.

Heat Signal Variables

Heat signal variables provide access to heat structure values. Much like volume and junction
signal variables, pressing the S button will open the component selection dialog to select the
target heat structure. Additional editors are provided to select the Surface and Parameter.

Power Signal Variables

3.3.2.

3.3.3.

Power signal variables are used to obtain power related values from the reactor kinetics portion
of the model. Additional properties may be required depending on the Sgnal Type selected. For
example: signa type RKOCRPSN requires that the Control Rod Group be specified.

Control Blocks

A control block is a control system component that manipulates input data. Control blocks
take input from signal variables or other control blocks and output a floating point value. Input
connections to the control blocks can be established by using the connect tool inside a2D View.
Simply use the connect tool to connect the output of the control system to the input of the control
block.

Trips

Trips are specia control blocks that are used to indicate when an input value reaches a certain
level or meets a specific criteria. RELAPS provides two types of trips: Variable and Logical.
These types differ only in the operation used to determine the true or false result. Variable trips
use a Relationship that can be equal, not equal, greater than, greater than or equal, less than or
equal, or lessthan. Logical trips use an Operator that can be AND, OR or XOR.
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3.3.4.

¥ Ceneral [ ]show Disabled
Component Mame |unnamed | ™7
Component Mumber | 403| Vs
Description <None = Vs
Relationship [LT] Less Than |v ™ 7
Additive Constant 1860.0002 (psi) | 1F ||y 9
Latch ® True ) False ™
Time Of O [0/

Figure 3.55. Variable Trip Property View

The RELAPS plug-in supportstwo different trip numbering formats, expanded and original. The
two different card series are available for entering trip data, but only one type may be used in
a problem. The origina numbering format card numbers 401-799 alow 199 variable trips and
199 logical trips. The expanded format card numbers 20600010 - 20620000 allow 1000 variable
trips and 1000 logical trips.

The RELAP5 plugin provides the ability to change the trip numbering format if the number
of trips does not exceed the format trip limit. Trip numbers will be updated to accomodate the
selected format's numbering scheme.

yidlalle CUimipunenis | Luz|

Lg M I
9 ¥ Contral Systems [436]
9 £ Trips [104]

o= f>|Logical Trips [44]|

o= £ Variable Trips [60] -
N

£ Trips ™

¥ Ceneral [ ]show Disabled
Trip Mum. Format | |Expanded s Al

Figure 3.56. Trip Numbering Format

General Tables

General tables provide input for several REL AP components, including heat structures, valves,
reactor kinetics, and control systems. The general table defines a table of input of with an
independent/dependent variable relationship. A few examples of available general table input
relationships are provided below:

e Temperature Vs. Time

* Heat Transfer Vs. Time

* Reactivity Vs. Time

* Heat Transfer Vs. Temperature
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The provided table editor for General Table table dataisidentical to other editorsin the RELAP
plug-in. It provides a means of adding and removing rows using an Add and Remove button.
In addition, a button is provided which will sort the General Table data based on independent
variable. The table editor is shown in the figure below.

o Editing Table Data x
Table Variable [ ]
Time Feactivity
5 3
-1.0 0.0
0.0 0.0
0.7 0.0
0.9 0.02
1.4 0.13
1.9 (.33
2.4 0.7
2.9 0,96
3.1 1.0
1.0e6 1.0
| Add || Remove
‘ OK H Cancel |

Figure 3.57. General Table - Table Data Editor

The table editor uses the foreground color of the independent variable values to indicate two
different errors. Independent variable values that are less than a preceeding value will be
displayed in the table with ared foreground color. If an independent variable value is a duplicate
of a preceeding independent variable value it will aso be displayed in the table with a red
foreground color.

The contents of the general table may be defined by a table variable reference. This reference
supports mapping individual columns of the table variable to columns in the general table. An
error message will be reported if the table variable rows are out of order, or the column mapping
isinvalid.

In addition to the error checks for unset values, the general table component will also report the
following in the model report:

* If theindependent variable values are not in ascending order an error will be reported.
* If anindependent variable valueis a duplicate of a preceeding value an error will be reported.

The General Table property view is provided in Figure 3.58, “General Table Property View”.
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¥ General [ ] show Disabled [ | Show Owner
Mame |unnamed | ™ 7
Component Mumber | 2| b T
Description =none= E da ‘?
Table Type Reactivity Vs Time ~[® P
Table Trip Logical Trip 1618 E da ‘?
Independent Factor | 1.U| =) Vil 7
Dependent Factor | -20.65/ () ™Y
Table Data Rows: 10 [-1.0,0.0],[0.0,0.0],[0.7,0.0],[0.9,... E ™ T

Figure 3.58. General Table Property View

3.3.5. Interactive Variables

Interactive Variables define input which may be changed during interactive model execution.
The card input defines input variable names and initial values. Interactive Variables can be used
in trips, control variable statements, search arguments for some tables, edited in minor edits,
and plotted. With appropriate input, an Interactive Variable can effect changes similar to those
made by areactor operator, such as opening/closing/repositioning valves or setting new operating
pointsin controllers.

Interactive Variables can be created like any other component type in the RELAPS5 plug-in and
are connected to other components using the 2-D view connection tool or editorswhich alow the
use of Interactive controls. The following figure displaysthe 2-D view of an Interactive Variable
asinput to aLag type Control Block.

Figure 3.59. Interactive Variable Control Connection

3.4. Heat Structures

The RELAPS plug-in provides the ability to construct flat slab, cylindrical, and spherical
Heatstructure components. Editors are provided to allow specification of left and right
heatstructure surface data and other heatstructure properties.

Creating a Heat Structure

The Heatstructure component is created in the same manner as other componentsin the RELAPS
plug-in. Select the Heatstructure node in the Navigator, and open it's right-click pop up menu.
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Select New item from the From the right-click pop-up menu. A Heatstructure completion dialog
is provided in order to initialize the component. The Heatstructure completion dialog is shown
in Figure 3.60, “Heatstructure Completion Dialog”.

2 Initialize Heatstruchure

GOy [1] Flat Skaby |~

Surface Area . . 1337.0 A2
Thickness Do03E N

Left Boundary | 024 f

Temperaura 4100 F

Faierial nona 5"
Axial Cells 20— | Hadial Fleshjeoais Eiem

ik Cancel

Figure 3.60. Heatstructure Completion Dialog

The Heatstructure completion dialog determines the geometrical layout of the component.
Specifying a geometry will update the editor heatstructure properties in accordance with the
geometry selected. Axial and radial Heatstructure nodalization is also defined using this editor.

Connecting a Heat Structure

The RELAPS plug-in Heatstructure does not have an associated 2-D drawn component and must
be connected through its editing dialogs. Notice in the Heatstructure Property View, a property
named Axial Cells'BCs. The editor for this property provides the ability to create connections
to the left and right surfaces of the given Heatstructure as well as provide axial component
renodalization. For more information on Heatstructure renodalization, refer to Chapter 8,
Renodalization.
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0 Surfaces - Heatstructure 3360
Source Format |5Word Format | - |

Additional Boundary Condition Options

Left Bound. Option D| | |

Right Bound. Option [ |9 Word Format |~
Axial Cell/Source Inner Surface Outer Surface

Cell Data Boundary Conditions Boundary Conditions
1 [1000] Total Reactor Power  |Symmetry, Valid Values FPIPE: 335 Cell: 1, Valid Values
2 [1000] Total Reactor Power  |Symmetry, Valid Values PIPE: 335 Cell: 2, Valid Values
3 [1000] Total Reactor Power  |Symmetry, Valid Values FIPE: 335 Cell: 3, Valid Values
4 [1000] Total Reactor Power  |Symmetry, Valid Values PIPE: 335 Cell: 4, Valid Values
5 [1000] Total Reactor Power Symmetry, Valid Values FIPE: 335 Cell: 5, Valid Values
3] [1000] Total Reactor Power Symmetry, Valid Values PIPE: 335 Cell: §, Valid Values

| Split | | Merge | Add | | Remove
¥ General [ Show Disabled

Mo Properties Available

¥ [1CCCG001, 011-099] Gap Conductance
Mo Properties Available

¥ [1CCCGTXH] Source Data

Source Type |[1000] Total Reactor Power |V| ‘?
Source Multiplier | 0.141211| (—): ?
Left Moderator Heating 0.0 H: ?
Right Moderator Heating 3.769e-3) H: 7

o e |

Figure 3.61. Heatstructure Connection Editor

Noticethetablelayout of the Heatstructure axial cellsinthe aboveeditor. Selecting acell fromthe
Axial Cell column provides properties associated with the selected cdll(s) in the Property View
provided below the table. The figure below shows the associated Axial Cell column properties.
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e Surfaces - Heatstructure 3160 @
Source Format |5Word Format |v |
Additional Boundary Condition Options

Left Bound. Option |9 Word Format |V|
Right Bound. Option [ |
Axial CelllSource Inner Surface Outer Surface
Cell Data Boundary Conditions Boundary Conditions
1 [0] Mo Source AMNULUS: 315 Cell: 1, Val...|Symmetry, Yalid Values -
2 [0] Mo Source AMNULUS: 315 Cell: 2, Val...|Symmetry, Valid Values
3 |[U] Mo Source AMNULUS: 315 Cell: 3, Val...|Symmetry, Valid Values L
4 [0] Mo Source AMNULUS: 315 Cell: 4, Val...|Symmetry, Valid Values 1
5 [0] Mo Source AMMULUS: 315 Cell: 5, Val...|Symmetry, Valid Values
3] [0] Mo Source AMMULUS: 315 Cell: 6, Val...|Symmetry, Valid Values |
7 0INoSource  JANNULUS 315 Cell: 7. Val../Symmetrv, Valid Values A4
ssa [ memore

¥ General

¥ [1CCCG001, 011-099] Gap Conductance

¥ [1CCCGTXH] Source Data

Source Type‘ [0] Mo Source |v B
[0l Mo Source

[=1000] Use Table

[1000] Total Reactor Power
[1001] Total Decay Power
[1002] Fission Power

[1003] Fission Product Decay

[1004] Actinide Decay
[=10000] Control Variable D

Figure 3.62. Heatstructure General Heat Cell Data

Selecting two or more heat cellsin the table provides a property view with an intersection of the
attributes specified by the selected heat cells. If two or more axial cells are selected and have the
same attribute and value, the value will appear for editing for both of the selected Heat cells. In
the event that two or more axial cells are selected, contain the same attribute, and have different
valuesfor those attributes, the editor will display a< Different Values> and will not be editable.
This same type of behavior appliesto the Left and Right Surface Conditions data.

The L eft/Right Surface Boundary Conditions columns provide the option of connecting heat
cell surfaces. A hydraulic component may be connected to the left or right surface if aBoundary
Type other than simmetric is selected. The heatstucture surfaces editor providesthe dialog shown
in Figure 3.63, “Heat Connections Dialog” to alow the creation of multiple connections to the
same hydraulic component. At the top of the editor there are drop down boxes to specify the
Additional Boundary Data Format for the Left and Right Heat Surfaces. Specifying a format
will update the property view for the selected surface. The activation checkboxes are available to
force output of Additional Surface datain the event the datais desired for a given surface which
has no Hydraulic cell connections.
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Axial

e Surfaces - Heatstructure 3160 [&=] e Heat Connections @
Heat
Source Format ‘5W0rd Format |v|
Heatstructure  Heatstructure 3160
Additional Boundary Condition Options
Selected Surface Inside Surface
Left Bound. Option ‘QWOIG Format |v|
Hydraulic
Right Bound. Option [ Hydraulic Component ANNULUS 315 (dcomer)
Axial CelliSource Inner Surface Outer Surface
cell Data Boundary Conditions Boundary Conditions Starting Cell 1H of8
1 [0] Mo Source ANNULUS: 315 Cell: 1, Val... Symmetry, Valid Values -
2 [0] No Source ANNULUS: 315 Cell: 2, Val .. Symmetry, Valid Values = Ending Cell ':E of 8
3 [0] Mo Source ANNULUS: 315 Cell: 3, Val...[Symmetry, Valid Values
4 [0] Mo Source ANMULUS: 315 Cell: 4, Val . |Symmetry, Valid Values - Surface Connections ?
Split Add Remove Heat Cell [Hyaro Cell
......................................................................................................... 1 [Cell 1]
¥ General ["] Show Disabled |*|
Boundary Connection |Hydrau||cVOIume |v| 7
cell ANNULUS 315 Cell [1] ?I=
Hydraulic Face |[U]XAst |'| T
Boundary Type |[‘INN] Convective |'| ?
Convection Boundary |[101]Default |v| 7
Area Code |[‘I] Multiplier |v| 2
I T i

Figure 3.63. Heat Connections Dialog

Pressing the E button for the Cell property will open the Heat Connections dialog to allow a
range of Hydraulic cell connections to be made to the selected Heat Cells. In the above figure,
three Heat Cell connections are being made. The Hydraulic Component property determines
to which component the cell connections are being made. The Starting Cell and Ending Cell
properties determine the range in which to assign volumes to the Heat Cells.

Power / Heating Dialog

The Axial Power/Hesting dialog in powered heat structures displays the power factor, and
heating multipliers for each cell in the heat structure. This dialog is shown in X below. This
property is only enabled when at least once cell in the heat structure contains source data. The
contents of thistable may be replaced with areference to atable variable. When atable variable
isreferenced the contents of that table will be exported to the ASCII input and M odel Notebooks.
An error message will be reported if the referenced table does not match the heat structures axial
geometry, or the mapped columns do not match the expected data types.

o Axial Power Source x
Table Variable [ ]
. Left Mod. Eight Mod
Axial Level Power Ml it
1 0.0 1.0 0.75
2 0.0 1.0 0.75
3 0.0 0.0 0.0
4 0.0 0.0 0.0
5 0.0 25.0 0.0
5] 0.0 25.0 0.25

Figure 3.64. Axial Power/Heating Dialog
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Heatstructure Radial Geometry

Radial geometry and associated properties are edited through the Geometry property editor
which opens the dialog shown in Figure 3.65, “Heatstructure Radial Geometry Editor”. This
dialog allows the radial mesh thicknesses as well as radial mesh positions to be specified.
Optionally, the radial geometry of another heat structure may be used by specifying the heat
structure with the Node Location property.

Radial geometry may be input as either as a mesh thicknesses or radial positions. In the second
format, only the ending radial mesh interval's position is required. User defined numerics may
be specified for values using either format. The Radia Geometry dialog also allows for radial
renodalization using the provided Split and Merge buttons. For information on component
renodalization refer to Chapter 8, Renodalization.

¥ Edit Radial Geometry

Hisdhe | ocation cAlser Specilist: oA
Wiall Thickness | 400
Decay Heat I ® False

Inner Boundary 0.0

v| Set Radial Locations | §

Indensal Wesh Cefing  |End Positbon| Include In MHode Source
Index  Thickness () End Pos. i} Temp Calk Material Walue
i 1.0 1.0 ¥ Matarial 1 i1
p 1.0 210 [#] Makarial 1 1.0
3 | 1.0/ | 3.0 ¥ [Makarial 1 1.0
4 1.0 ¥ 4.1 ¥ Materal 1 1.0
St karpe
ik Canced

Figure 3.65. Heatstructure Radial Geometry Editor

3.5. Radiation Enclosure

A radiation enclosure is a set of heat structures that communicate via thermal radiation/
conduction. The RELAP5 plug-in supports radiation enclosures by providing editors for
grouping available heatstructures. Radiation Enclosure components are created using the
Navigator right-click pop-up menu and selecting the New option.

Thefollowing figure displays the Heatstructur es property editor which defines the grouping of
heatstructures the enclosure defines. Selecting the Add button will add a new heatstructure to
the list of grouped heatstructures while the Remove button removes the selected heatstructure
from the group. Selecting on a Heatstructure in the above list provides an appropriate property
view the for selected item below.
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2 Radiate/Conduction Enclosure Edit

Heat Location : 1 |
Heat Location ; 2
Heat Location : 3

| add | Remove

-
7 General [ Optional | Disahled
Heatstructure Heatstructure 10 s |
pial Mode _-|1 E
Heat Surface |[1I Rigght | | ?
Emissivity | 1.0 )| F%

| 0K I Cancel

Figure 3.66. Radiation Enclosure HS Grouping

The RELAPS plug-in also provides an editor for defining Radiation Enclosure View Factors.
Notice in the figure below that the column tool tips provide information on the surface being
edited.

£ View Factors Editor

surface #'s ; 57
501 110
=l Heatstructure: 10

oo Surface: Right

Srvial Level: 1

Cancel

Figure 3.67. Radiation Enclosure View Factors

3.6. Materials

RELAPS5 provides a set of pre-defined materials such as carbon steel, stainless stedl, zircaloy,
etc. Toinclude any of these materialsin aRELAPS model first create anew material by selecting
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the New item from the right-click pop-up menu of the Materials navigator node. Then, select the

desired Material Type in the properties of the newly created material as shown in Figure 3.68,
“Materia Type Editor”.

RELAPS5 also supports user-defined (tabular/function) material properties. To create a user-
defined material first create a new material. Then, select Table/Function for the Material Type
in the properties of the newly created material.

¥ Ceneral [ ] Show Disakled
Component Mame |unname-:i | % ‘?
Componant Number | 5| [ 9
Description <hnane = E % ‘?
Material Type Carbon Steel (C-S5TEEL) - (™ F

B [201MMMO1-42] (Carbon Steel (C-STEEL)
Stainless Steel 5-STEEL)
Uranium Dioxide (U0O2)
Zircaloy (ZR)

GAP

Table/Function

DELETE

Figure 3.68. Material Type Editor

3.7. Reactor Kinetics

RELAPS5 supports Point Kinetics and the RELAP3D supports both Point and Nodal Kinetics.
Both of these reactor kinetics options are supported by the RELAPS5 plug-in.

Initializing Reactor Kinetics

To enable Reactor Kinetics, select the Reactor Kinetics node from the Navigator and change its
Enable property to True in the Property View. This will open the completion dialog shown in
Figure 3.69, “Point Kinetics Completion Dialog” and Figure 3.70, “Nodal Kinetics Completion

Dialog ( Cartesian / Hexagonal )”. Options that are not available for a particular Kinetics or
feedback type are shaded in grey.

Note  To disable Reactor Kinetics, set the Enable property False. To remove the kinetics
information from the model select the Clear item from the right-click pop-up menu of
the Reactor Kinetics node in the Navigator.
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Setup Reactor Kinetics

Feedack Type  |SEPARAEL |+ 'T;
waomiedry lyne

% Hodes

T Hodes

F Hodes e |

Neutron Groups

Ok | Cancel |

Figure 3.69. Point Kinetics Completion Dialog

Nodal Kinetics calculations support two core geometry types, Cartesian and Hexagonal.
Cartesian layout planar data is defined from left to right ( X Nodes) top to bottom ('Y Nodes)
for each axial level ( Z Nodes). Hexagonal layout data is defined by the number of Hexagonal
Ringsfor each axial level ( Z Nodes).

Setup Reactor Kinetics

Reactor e Nodal |+ [ Reactor Type  [Nosal |+ | [§
Feedback Type  [RAMONA |+ |§ Feedback Type  RAMONA |+ || §
Geametry Type |l:arte§an [« [®] Geometry Type |Hmﬁ"i
¥ Nodes ' 10 [§] Hexagonal Hangs Teelhi 4
1 Hodes g— 'ﬁl  Hogles =

7 Nodes o= [F] Z Nodes ' =ik
Meutron Groups Ii_r 7 I T |z_". Kl

ok || cancer | ok || cance

Figure 3.70. Nodal Kinetics Completion Dialog ( Cartesian / Hexagonal )

Point Kinetics

Point Kinetics properties use many of the same editors present in other RELAP5 components.
In addition, the following special kinetics editors are used to edit Point Kinetics properties:
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» Table Data Editor - The table editor provides a spreadsheet-like editor for tabular data. Rows
can be added and removed using the Add/Remove buttons. Cell values can be copied and
pasted using the Copy and Paste items in the right-click pop-up menu. A Sort menu itemis
also provided to sort the table rows by independent variable, where appropriate.

¢ Editing Delayed Neutron Const. X]
ield Ratio Ceeday Constant
"1
0.25] ooy X
075 10
Fasie
Sebect All
Sort

Aulel R Reminea Row

0K Caniel

Figure 3.71. Kinetics Tabular Array Editor

* Point Kinetics Volumes and Weighting Factors - This editor defines Point Kinetics Volume
and Heat Weighting Factors.

Thetop of the dialog is atable of Hydraulic components or Heatstructures that are to proivide
feedback. The Add and Remove buttons can be used to add and remove components from

o Volume Feedback x
Table Variable [] [=]
Powered Components

Volume | Component
1 [FIPE 235 (core)
Powered Cells
Volume Weighting Temp
Cell Factor Coefficient
1] 0.1367 -8.15e-3
2 0.2228 -0.01328]
3 0.1991 -0.01187
4 0.1862 -0.0111
5 0.1922 -0.01187
5 0.0629 -3.75e-3
Add emove

Figure 3.72. Point Kinetics Volume/Heat Weighting Factor Editor
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The bottom of the dialog is atable of the weighting factors and temperature coefficients for
nodesin the the component selected in the upper table. The Add button is used to add a node
from the selected component. The Remove button removes the selected node from the table.

The Table Variable editor at the top of the dialog allows for replacing the entire volume
and weighting factors table with a Table Variable reference. A new table with the appropriate
column mapping can be created through the table mapping dialog. An error will be reported if
the column mapping does not match the expected data types. The contents of the mapped table
will be exported to the ASCII input or model notebook instead of standard volume weighting
data.

» Detector Editor - The editor for defining model detector data resembles the Volume/Heat
Weight Factor Editor. Detectors can be added to and/or removed from the top table with the
Add Detector / Remove Detector buttons. The bottom of the dialog is a table of the source
terms, weighting factors and the attenuation terms for the detector selected in the top table.

] ™ [

Dretecior Mumber Beabe Faclor
| I 0]
Aulel Detwciorn Remres Detection
Corroller Waighl | Atteration Data |
[Control 1 (Poontain) 1.01 [~
[l MLEAT I Aats
Cantrol Attanuation Ref. | Attanuation Costf
Zonlrol 4 (hirchk) 1.0 1.0
Add Source | Fenmwre Source
Ok | Cancel

Adid | Rizrricnag
ik | Cancel

Figure 3.73. Detector Editor

Nodal Kinetics

Nodal Reactor Kinetics for RELAP53D models is defined using the completion dialog shown
in Figure 3.70, “Nodal Kinetics Completion Dialog ( Cartesian / Hexagonal )”. Nodal Kinetics
supports Hexagonal and Cartesian geometry types. This geometry can be specified as full core,
1/3 core, or 1/6 core hexagonal geometry and full Core, 1/2 core, or 1/4 core cartesian geometry.

Thefollowing isan overview of the more complex editors used by the Nodal Kinetics properties.
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* Mesh Length Editor - The Mesh Length Editor is used to define the X, Y and Z axis node
lengths for each node. Pressing the X, Y and Z radio buttons will display the node lengths
for that axisin the table.

The Z axis starts from the bottom of the mesh and proceeds upward. ( Mesh #1 isthe bottom. )

The X axis starts at the | eft side of the axial mesh ( looking down ) and proceeds right. ( Mesh
#1istheleft.)

The Y axis starts at the top of the axial mesh ( looking down ) and proceeds downward. (
Mesh #1 isthe top. )

Kinetics Mesh Lengths

ash Langlh

Wiesh & {1
LT

0.1524
01524
01524
01524
0.1:324
0.1524
01524
01524
01524
01524
U0.1:524
0.1524

N i (| —

]

el el e L = N =N e’ B L=

Mesh Intervalfcis: X O Y ® Z T

s Cancel

Figure 3.74. Mesh Length Editor

» Composition/Zone Figure Editor - Compositions/Zones are assigned to Axial Meshes using
this editor. Axial mesh #1 corresponds to the lowest axial mesh interval. A figure selection/
creating dialog isprovided to help assign thefiguresto the Mesh Intervals. Thefigure selection
dialog Add button creates a new zone/composition figure and assignsit to aspecified interval.
The Remove button removes the selected figure from the model. To specify a figure, select
the desired component from the list and press the Ok button.
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13
12
11
10

b B R DS R = R |

Faal Mesh

Lone Figure Assignment

- Select Zone Figure

Zona Figura

I I

L T T e TV P N o B S
el R M LSRR LOUE Sl B RS IR L=l e |

Figure 3.75. Composition/Zone Figure Assignment Editor

Zones/Compositions/Control Rods Editor - The RELAP5 plug-in providesaPlanar Top-Down
view editor for assignment of Zones, Compositions, and Control Rod Groups. The following
figures show each geometrical representation provided.
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Figure 3.76. Planar Cartesian Editor

To display or edit the nodal data for afigure, select the figure from the Composition Figure
/ Zone Figure drop-down located at the top of the dialog.
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Figure 3.77. Planar Hexagonal Full Core Editor

The planar view editor providesthe ability to edit individual or multiple nodes as desired. L eft
clicking on anodewill provide the Selected Node property to be displayed. Left-Clicking and
dragging will provide the ability to select a contiguous region. In order to define a selected
region, open the node sel ection editor at the bottom right hand corner of the editor while nodes
are selected. This will provide an editor which is identical to that displayed in Figure 3.75,
“Composition/Zone Figure Assignment Editor”.

« Initial Power Fraction Editor - Thiseditor definesthe Initial guessfor the prompt fission power
distribution for each kinetics node. The layout of the datais aleft to right, top to bottom where
x index 1,y index 1isthetop left corner of the figure. Defining the initial power distributions
isoptional per level. If defining theinitial power distributionsisdesired, the I nitialize Values
check box should be selected. The Axial M esh I nterval property will change the current table
display to that of the selected axial level.
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Figure 3.78. Initial Power Fraction Editor

» Volume/Heat Region Feedback Editor - Region Feedback datais defined with this editor. The
upper table provides a count of data entries defined for the specified zone. Selecting on a
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row in the upper table will update the lower table to display the appropriate data, and enable
Adding/Removing data from the lower table. The Feedback property updates the lower table
to define either volume or heatstructure feedback region datafor the zone selected in the upper
table. The editor for the Volume/Heatstructure Number properties provide cell selection
that has a max and minimum value based on the component sel ected.
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Figure 3.79. Region Feedback Editor

Composition Cross Section Editor - Thiseditor definesthe Nodal Kinetics cross section input.
The editor provides an upper list of cross sections with an associated property view listed
below. Selecting the Add/Remove buttons will Add and Remove cross sections from the
upper table. Selecting a cross section from the upper table provides a property view with
editable propertiesin the lower section. In the cross section property view thereis an attribute
marked XS Data. This property has an associated editor that edits each of the specific cross
section types. Hovering over the displayed cross section types provides tool tips describing
the associated scattering pattern. Additional properties are provided depending on the chosen
Cross section type.
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Figure 3.80. Cross Section Editor
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Chapter 4. Editing a Restart Case

REL APS5 supportsrestarting finished cal cul ationsthrough the use of arestart deck. A restart deck
contains a subset of the datain the original input deck. This includes the user defined units and
user defined materials. In addition to these properties that must be resupplied, the restart deck
includes a fully re-supplied component entry for any component that has been modified. New
components may be added and existing components may be removed from the model using a
restart deck.

t#typpwr.med - {typical pwr model -- 4 inch co...

5= Model Options
% Reactor Kinetics
o= B Hydraulic Components [109]
& *F Control Systems [441]
o= i Heat Structures [17]
o I Materials [5]
% Radigtion Enclosures [0]
Il CEFL Models [0]
¢ Y cases [2]
MRS Renod New
s short| Add To Sub-System ¢
?é Sub-Syste —
o Job Strear
o «F Connectidg Copy
il

[»

4]

* General [] Show Disabled

Figure4.1. Creating a Restart Case

Restart decks are represented in the M odel Editor by "Restart Cases.” Restart cases can be created
by right-clicking on the Cases node in the Navigator and sel ecting the New pop-up menu item as
shown below in Figure 4.1, “ Creating a Restart Case”. Once created, arestart case can be edited
in either ASCII or Graphical mode (depending on the Editing Mode property) by pressing the
Edit button for the Restart Model property. The Show ASCII pop-up menu item can also be
used to view the contents of a case.

Editing a case graphically opens the case as a "Virtual Model" in the Navigator as shown in
Figure 4.2, “ Graphical Restart Editing”. When graphically editing arestart case, arestart panel is
shown abovethe Navigator tree. Thispanel indicatesthat restart caseisbeing edited and provides
shortcuts for both saving and closing the restart case. The Model Editor tracks any changes made
to the model in this mode and colors the modified components red in the Navigator. Once the
changes have been made they can be saved back into the Restart Case as arestart input deck by
pressing the Save button or discarded by pressing the Close button.
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Figure 4.2. Graphical Restart Editing

Note  Not all properties can be edited for a restart. These properties will be disabled when
editing arestart.

The contents of a Restart Case may al so be imported from or exported to alocal file. To import
arestart deck, select the Import Case item from the Case's right-click pop-up menu. Similarly,
to export arestart deck, select the Export Case item from the Case's right-click pop-up menu.

Hydraulic componentsthat resupply noncondensible gasfractions during arestart case can cause
difficult to diagnose problems if the order of noncondensibles in the restart case do not match
the order exported by SNAP. It is advised to adjust the order of noncondensibles in resupplied
hydraulic components in the ASCII editing mode before graphically editing a restart case. The
order can be determined by opening the ASCII view of the Model Options component.
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Chapter 5. ASCII I/O

RELAP5 models in the Model Editor can be used to produce two different ASCII files. These
ASCII export options may be found on the right-click pop-up menu of the model node in the
Navigator asshown below in Figure 5.1, “REL AP5 Export Options” and inthe Export sub-menu
of the File menu.
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o *F Control Systems [441] Generate 3D Coordinates
o 3 Heat Structures [17] View Model in 3D Model Notebook
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[l CCFL Models [0] Manage Initial Conditions
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o 29 |ob Streams [2] Engineering Units [
o= +F Connections [630] Close
o= b Numerics [2]
o= = Views [26]

Figure5.1. RELAPS Export Options

5.1. Input Decks

A RELAPS"input deck" isan ASCII filecontaining all the datarequired by the RELAP5 analysis
codeto execute acal cul ation. Entire REL AP5 model s can beimported from REL APS input decks
by using the File->Import->REL AP5 ASCI I menu item. The RELAP5 Mod 3.3/RELAP5-3D
the plug-in adds support for various RELAP5-3D versions in addition to the standard RELAP5
Mod 3.3 version.

The plug-in import file selector contains options for selecting both code and version to import.
In addition, Unix substitution variables are supported if the option is selected. Unix substitution
variables begin with a$ character and are imported as user-defined numerics.

5.2. Restart Decks

RELAPS5 supports restarting finished calculations through the use of a restart deck. A restart
deck contains a subset of the data in the original input deck. The RELAP plug-in's support for
Restart Decks is handled with Restart Cases in the model as described in Chapter 4, Editing a
Restart Case.

71 RELAPS5 Plug-in User's Manual



72



Chapter 6. Model Validation Tests

The RELAPS plug-in performs optional tests to validate the data inside the model. These tests
occur before amodel is exported to ASCII, submitted to a calculation server or when the Check

Modéd button is pressed. Currently the RELAP plug-in provides a loop test in addition to the
standard component validation checks for invalid data.
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Chapter 7. 3D Visualization

RELAP5 components may be modeled in 3D coordinate space. The actual three-dimensional
layout of a model can be viewed and modified using the 3D viewer built into the SNAP Pre-
processor plug-in for RELAP5. 1D component models may also be displayed in 3D, however
theinitial component locations must be generated.

7.1. 3D Coordinate Generation

The 3D coordinate generation tool allows initial 3D locations to be generated from the existing
elevation data. The coordinate generation tool may be accessed by right-clicking on themodel in
the navigator and selecting the Generate 3D Coor dinates option. Thistool requires the user to
select acomponent for each hydraulic loop and an X/Y offset for that component. The geometry
placer then loops through all the hydraulic components placing them adjacent to each other in a
chain. Figure 7.1, “ Coordinate Generation Dialog” showsthe coordinate generation dialog when
opened with a standard Typpwr model.

Sheterm lrelngE Foot H Axis W AXiS £ Axis

MHumber Compaonent Offset (1) Offset (1) |Offset {ft)
1 w| |PIPE 100 Cell [1] 0.0 0.0 0.0
2 w] |PIPE 170 Cell [1] 23.198041) 23.195041 0.0
H v| |FIPE270Cell[1] |-22.199041[-23 199041 0.0

Figure 7.1. Coordinate Generation Dialog

Each component within aloop will be placed in 3D space using a breadth-first walk through of
component connections. Componentswill be placed in arelatively flat plane, with bendsinserted
only for tee side-pipe connections, vessel connections, and parallel plenum connections. This
provides an initial 3D layout for the 1D components which can then be modified by shifting and
pivoting components.

7.2. 3D Model Viewer

Any model with defined 3D coordinates may be displayed in the 3D model viewer. To open
the 3D view for a model right-click on the model in the navigator and select the View M odel
in 3D option. Figure 7.2, “3D Model Viewer” below shows the 3D viewer, and details some of
the GUI options.
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Figure 7.2. 3D Moddl Viewer

7.2.1. Camera Controls

3D viewsmay berotated, translated or zoomed as desired to obtain the clearest view of the model.
The cameramay be controlled through the mouse or using the camera control buttons on the | eft
side of the 3D view. The camera settings can be reset at any time using the reset buttons in the
camera controls. The mouse controls are used by pressing the mouse button and dragging on the
3D view. The left mouse button rotates the view, the right mouse button translates the view and
the middle button zooms the view.

7.2.2. Transforming Components

Component locations may be modified through the 3D viewer. Selected sets of components
may be shifted along the X or Y axis, or Pivoted about a selected component's cell center.
These transformations are performed on the selected components in the 3D viewer. To select
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components, choose either the Selection or Lasso Select from the mouse behavior controls
shown above. The Lasso Select works by selecting a rectangular region of the view. Any
component wholly contained by the region will be selected. The Selection works by toggling
individual selection. A component may be added or removed from the selected components
by holding the control (CTRL) key down and left-clicking. Selected components are displayed
in yellow. Figure 7.3, “3D View of Typpwr” displays the a 3D view of Typpwr with several
components selected.

Figure 7.3. 3D View of Typpwr

Pivot Components

The Pivot button will opens a dialog allowing the user to select ajunction and a flow direction.
The selected junction is the first junction in the rotation. The rotation will be applied to the
selected junction about the cell center opposite the selected flow direction. Only components
inside the selection will be modified by the pivot command. Figure 7.4, “Pivot Selected
Components’ shows the junction selection and flow direction dial og.

" Pivot Selection 2

Pivot Component FPIFE 152 {surge)
Pivoting Cell | 1 or3
Pivoting Direction [inlet B3
‘ Back H Next & ‘ | Apply H Finish | Cancel

Figure 7.4. Pivot Selected Components

Once an junction and direction are selected, the Next button displays the angle selection. The
dlider allows the volumes to be pivoted 180 degrees clockwise or counterclockwise about the Z
axis. Asthe pivot angle is modified, the selected volumes will update in the view. This alows
the user to see the changes as they're being made. The change isn't permanent until the Apply
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button or the Finish button are selected. Figure 7.5, “Pivoted Components’ shows the results of
pivoting the selected components 90 degrees about the Z axis.

" Pivot Selection £

Select Pivot Angle

—

[-520 '

7]
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|@ Back||Nex1 | | Apply || Finish | Cancel

Cancel

ala e

Figure 7.5. Pivoted Components

Shift Components

The Shift dialog allows selected components to be translated along the X/Y axis. The dialog
contains a pair of diders, one for the X axis, the other for the Y axis. Like the shift dialog,
the changes will be displayed while the sliders are moved about. The actual locations won't be
modified until either Apply or OK button is pressed. Figure 7.6, “ Shift Selected Components”
shows shifting one of the steam generator |oops of Typpwr along the X and Y Axises.

4%

'S | :
=

-

~ " Shift Selected Components 23

- -35.761155 ()
—
Y Axis | ' ' 0.0 ftr

| OK || Apply || Cancel |

Figure 7.6. Shift Selected Components

7.2.3. 3D View Preferences

The properties of a 3D view can be modified through the view settings dialog. This dialog can
be opened by pressing the Properties button. This provides the interface for modifying the 3D
view. Figure 7.7, “3D View Preferences’ showsthe 3D view settings dialog.
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" 3D View Settings ©
[¥] Show Arrows Background Color (255,255,255 EI
[] Use Wireframe Zoom Factor 01
[] Show Axis Lines Rotation Factor 10,0
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Lighting Attenuation
I )

Constant (1.0

Linear 3.09E-5 =L
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I )
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Figure 7.7. 3D View Preferences

The Show Arrows option toggles the display of internal hydraulic junctions and external
hydraulic connections which are shown as arrows. The Use Wire frame option toggles
rendering the volumes as wire frames instead of full volumes. The Show Axis Lines option
toggles rendering the axis lines, which meet at the coordinates 0.0, 0.0, 0.0. When Center On
Highlighted is selected the view will center on a component when it is selected.

The Zoom Factor, Rotation Factor and Pan Factor are scaling factors to speed up or slow
down manipulating the view using the view transformation buttons. The Rotation Point option
allows the user to specify rotating about the origin or the center of the selected components. The
Shading Type is an optimization option that may help slow machines render 3D models. The
preferred value is Nicest.

The Lighting Attenuation options allow the user to customize the properties of the light inside
the viewer. The default values have been selected for the best appearance. Different graphics
cards may require some minor modification. Each coefficient represents a different portion of
the lighting cal culation.

The final 3D view property isthe Cell Scale option. If al the cellsinside amodel are rendered
at full-scale, they would ideally appear connected as asingle solid volume. The Cell Scale slider
allows the user to modify what percentage of the total volume a cell will occupy on the screen.
A Cell Scale of 60% isillustrated in Figure 7.6, “ Shift Selected Components”.
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Chapter 8. Renodalization

The size and shape of ahydraulic component can be modified through built-in editors. However,
a special tool is required to change the number of hydraulic cells while preserving the overall
geometry and external connections.

Note  All renodalization can be safely undone and redone.

8.1. 1D Hydraulic

All multi-cell 1D hydraulic components may be renodalized. These include all hydraulic
components that can contain multiple volumes. To begin the process, select the Renodalize
option from the right-click pop-up menu of the component in either the navigator or the 2D view
asshown in Figure 8.1, “1D Hydraulic Pop-up Menu”.

FIPE 1]

Froperies

Shwowy A5C1

Fetfiar area [ads b
Edf Heatstructures  F
Fenodalire_.

Cin

Cogy

Tin IFroe

Tio B:achk

Sk I e,
Uinentation k

O ganace

Festdr ik

HErmibe

Loog Check Salsction

Figure 8.1. 1D Hydraulic Pop-up Menu

The Renodalize option opens the Renodalization dialog. This dialog contains a 2D view of the
component at thetop and atable of either axial nodelengths (Nodes) or total el evation (Elevation)
at the bottom. Figure 8.2, “1D Hydraulic Renodalization Dialog” displaysthe 1D renodalization
dialog for the pipe shown in Figure 8.1, “1D Hydraulic Pop-up Menu”. This dialog allows the
component to be renodalized by splitting and merging selected cells. Cells can be selected either
in the top or bottom of the dialog and split or merged by using Split, Split Uniform and Merge
buttons. The top and bottom of the dialog will update to display the results of each operation.
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Split

Splits and merges can be undone and redone using the forward and back buttons provided. No
changes will be applied to the component until OK button is pressed.

< Rencdalizing - PIPE 1

Sl LAtk Merie 'E'h
Announce Changes
Span arginal DI Current 0L Do
Carmponant Wida 1312336 1312336 0.0

| Blewvation | Hodes

Figure 8.2. 1D Hydraulic Renodalization Dialog

8.1.1. Split

The Split button is enabled when one or more cells are selected. This button opensthe Split Cells
Dialog shown in Figure 8.3, “ Split Cell Dialog”. Thisdialog allows the user to specify how new
cells will be created from each of the selected cells. The Split Cells Dialog contains a table of
the new cells that will be created and the fraction of the original cell they will represent. If the
fractions entered do not sum to 1.0, the user will be prompted to normalize the ratios using the
Nor malize button before continuing.
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Figure 8.3. Split Cell Dialog

Splitting acell resultsin multiple smaller cellsthat occupy the sametotal volume asthe original.
Thecell volumeisexamined and compared with theflow area'son either side of thecell. If thereis
an abrupt areachange, then all internal junctions are based on the area corresponding to the cell's
volume. If the volume does not correspond to the flow area on either side of the cell, the cell is
assumed to be aconical section, and the internal junction flow areas are cal cul ated appropriately.
These same conditions are used to determine the volume of each of the smaller cells.

Split Uniform
The Split Uniform button allows the user to split each of the selected cellsinto a user specified

number of evenly sized cells. Properties for each junction are determined in the same manner as
described in Section 8.1.1, “ Split”.

Merge

The M er ge button joins the selected cellstogether into asingle cell. Thisbutton is enabled when
2 or more cells are selected.

Elevation Change

The Elevation tab contains a table that displays the Original DZ, the Current DZ and the
Difference between the two. This table is used to determine if the elevation change of a
component has been affected by the current renodalization. Renodalization can drastically
change the absolute €l evation change across a component.

Announce Changes

Activating the Announce Changes option will provide additional information about the
renodalization process when the OK button is pressed. Any component that is affected by the
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8.1.6.

resulting renodalization will display a message to the Message Window. These messages allow
the user to track which components have been changed.

Renodalization Results

When the OK button is pressed, the hydraulic component is modified to match the nodalization
specified in the dialog. Any component changed through arenodalization is considered modified
for the purposes of inclusion in restart models. Signal variables, hydraulic connections, and
heatstructures are all updated when a hydraulic component is renodalized.

Volume and Junction signal variables may refer to one or more cells or junctions within a
hydraulic component. When the component's nodalization is adjusted, the signal variables that
refer to that component must be updated. Volume signal variables adjust the axial node they
connect to by finding the closest cell center to their original connection point. Junction signal
variables adjust the axial junction they connect to in asimilar fashion.

Hydraulic connections are established from a junction on the source component to a cell on the
target component. When a hydraulic component is renodalized the hydraulic connections will
update to connect to the correct node or junction. While this change doesn't effect the ASCI| it
is necessary for rendering the connection in 2D views.

8.2. Heat Structure

8.2.1.

Heat structures may be renodalized radially and axially. Radial renodalization occurs when the
mesh point array defining theradial geometry of aheat structureismodified. Axial renodalization
occurs either when changing the hydraulic component connected to the heat structure or when
the user modifies the axial nodalization directly.

Radial Renodalization

The radia geometry of a heat structure may be modified through the radial geometry dialog
shown in Figure 8.4, “Heatstructure Radial Renodalization”. When the dialog is closed, the
heat structures will interpolate all internal tables (such as fuel rod temperature) based on the
radial dimension. Any heat structure signal variable reference that includes aradial location will
automatically be updated to refer to the radial location closest to the original radial location
selected.
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8.2.2.
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Figure 8.4. Heatstructure Radial Renodalization

Axial Renodalization

The most frequent cause of an axial renodalization for a heat structure is in response to
renodalization of a connected hydraulic component. The heat structure will attempt to produce
the most compact nodalization that will provide equivalent heat transfer. Essentially, whenever a
hydraulic cell connected to aheat structureis split, the heat cell will be split in the samelocations.
Heat cellswill merge together aswell, but only if the surface boundary conditions on both sides
of the heat cellsareidentical at each level. That is, if the left surface boundary conditions are the
same, and the right surface boundary conditions are the same, the two cells will automatically
coalesceinto asingle cell.

The user may create anew heat structure nodalization by splitting or merging axial levelsdirectly
through the Axial Node / Surface BC's editor. Figure 8.5, “Heatstructure Axial Editor” shows
each of the axial nodes along the heat structure. The ability to merge cellsis available when two
or more cells are selected from the upper table. Splitting is allowed when one or more cells are
selected.
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Figure 8.5. Heatstructure Axial Editor

8.3. Pipe Split

The Pipe Split operation allows Pipe and Annulus components to be split into two at an internal
junction. All of the nodes and junctions downstream of the selected interface will be moved
to a new component. The selected split inteface will be extracted to a single junction that
connects the new outlet of the original component to the inlet of the new component. Cell and
junction references to the origina component are updated to reflect which component contains
the indicated edge. Figure 8.6, “Pipe Split Menu Selection” below displays the Split menu item
in the Renodalization submenu.
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Pipe Split

7

7 [PIPE 1]
Properties live RELAPS
Show ASCII 12' . 6" Schedul
Select Left Side to Compare mm 1.2ft - 10.8f
Reference Docs * \a variables con
Edit Heatstructures L == i
Renodalization ¥ Renodalize..

] Cut Split...

Copy
Figure 8.6. Pipe Split Menu Selection

Heat structure components that connect to nodes on both the top and the bottom are also split.
The heat structure cellsthat connect to nodes on the new pipe component will be moved to anew
heat structure. Theradial geometry, and all other component level properties of the heatstructures
will be the same. The reactor kinetics feedback coefficients and heat structure signal variables
are automatically updated to point to the correct component. Figure 8.7, “Pipe Split Results”
below displays the result of splitting a pipe in two.
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Figure 8.7. Pipe Split Results
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Chapter 9. Attribute Level Ownership

Attribute level ownership data can be activated for a model by setting the Attribute Level
Ownership property of Model Options to On. Once activated, attribute level ownership can be
displayedin the Properties View by selecting the Show Owner checkbox inthe General attribute
group heading.

Note  Because attribute level ownership must be activated for each model, newly created (or
imported) models have no ownership data.

Component Ownership Data is associated with each attribute of a component that is stored
with that component. Thisincludes owner, last modified time, reviewer, and last reviewed time.
The user who last modified an attribute is its owner. When an attribute is modified the current
user becomes the owner, the last modified time is set, and the reviewer/last reviewed time are
discarded.

The ownership data of an attribute is enabled and disabled along with the attribute. Because
some attributes can be enabled and disabled frequently during the normal creation of a model,
this data is retained until the moded is saved. Saving a model discards the ownership data for
all disabled attributes.

Attributes can be Reviewed in the Review Properties window. This window includes a table of
every attribute in the model along with its component, attribute group, and owner/reviewer. To
review an attribute, select it in the table and press the Review button on the toolbar.

Thereviewer dialog also allows manually setting the owner to the current user. Thisis performed
using the Take Ownership button. Pressing this button clears the reviewer data and sets the
owner to the current user for the selected properties.

The search parameters at the top of the window can be used to narrow the attributes to just those
necessary to thetask at hand. Only those attributesthat match all of the enabled search parameters
will be displayed.

The following search parameters are available: Property Name, Component, Component Type,
Owner, Reviewer, Modified Before/After, and Reviewed Before/After. The Reviewer, Modified
Before/After, and Reviewed Before/After search parameters are dates. The Property Name,
Component, Component Type, Owner, and Reviewer parameters are matched using thewildcard
or glob syntax commonly used by command line interpreters.
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Chapter 10. Batch Commands

The RELAPS plug-in adds support for the following Model Editor batch commands.

RELAP IMPORT [flavor] [version] <RESTART><LITERAL><Mn>
[filename]

Thiscommand imports datafrom an input file. If the file contains acomplete model anew model
will be created insidethe Model Editor. Otherwise, the datamust beimported on top of an existing
model. If no flavor and version is specified, the model will default to MOD3.3.1f only the flavor
is specified, the model will default to the newest plug-in supported version of that flavor.

* [flavor] - One of the following import file types:
MOD3.3 - An ASCII input file compliant with RELAP5/MOD3.3.

R53D - An ASCII input file compliant with RELAP5-3D. (Only availablein
the RELAP5 MOD3.3/RELAP5-3D plug-in)

o [version] - Target RELAP5 code version. RELAP5-3D versions are only available in the
RELAP5 MOD3.3/RELAP5-3D plug-in.

« 3.3- (RELAP5MOD3.3)
« 2.2- (RELAP5-3D)
. 2.3- (RELAP5-3D)
« 2.4- (RELAP5-3D)
« 2.6- (RELAP5-3D)
« 4.0- (RELAP5-3D)
« 4.1- (RELAP5-3D)
« 4.3- (RELAP5-3D)
« 4.4- (RELAP5-3D)

» <RESTART>- Anoptiona argument used to indicate that thefileisarestart deck and should
be imported on top of the current (or specified) model.

* <LITERAL> - An optional argument used to indicate that the model contains UNIX
substitution variables that should be imported with their literal names (e.g. $VARL1).

* <Mn> - An optional argument used to identify the model. Valid model |abels are MO-M 9.
* [filenamg] - The file name which should include the full path to the file in quotes.

RELAP EXPORT <NOMETA> <LITERAL> <RESTART> <Mn>
[filename]
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This command exports the specified (or current) model to the given file.

« <NOMETA> - This option indicates that no meta-data (plug-in versions, dates, etc.) should
be included in the exported model.

» <LITERAL> - Thisoption indicatesthat the model contains UNIX substitution variables that
should be exported with their literal names (e.g. $VARL).

» <RESTART> - Thisoption indicatesthat arestart deck should be exported using the changes
currently flagged by using Section 5.2, “ Restart Decks”.

* <Mn> - An optiona argument used to identify the model. Valid model labelsare M0O-M 9.
* [filename] - The file name which should include the path to the file in quotes.

RELAP EXPORT CASE [case name] [filename]

This command exports the specified case to the given file.

» [case name] - The name of the restart or integration case to export (in quotes).

* [filename] - The path to the file in which to export the case (in quotes).

RELAP EXPORT METRICS SPEC [filename]

This command exports the model specification file for the Test Suite Analyzer (TSA) to the
specified file.

* [filenamg] - The file name which should include the path to the file in quotes.
RELAP EXPORT METRICS<Mn> [filename]

Thiscommand exportsthe plug-in metricsdatafor the Test Suite Analyzer (TSA) to the specified
file.

* <Mn> - An optional argument used to identify the model. Valid model |abels are MO-M 9.
* [filenamg] - The file name which should include the path to the file in quotes.

RELAP EXPORT NOTEBOOK_ODT <Mn> [filename]

This command creates a Model Notebook as an OpenDocument Format (ODF) file.

* <Mn> - An optional argument used to identify the model. Valid model |abels are M0O-M 9.
* [filename] - The file name which should include the path to the file in quotes.

RELAP EXPORT NOTEBOOK _DOCX <Mn> [filename]

This command creates a Model Notebook as an Office Open XML (DOCX) file.

* <Mn> - An optional argument used to identify the model. Valid model labels are M0O-M 9.

* [filename] - The file name which should include the path to the file in quotes.
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RELAP CREATE_VIEW <Mn> [category hame]

This command is used to create a new view containing all the components in the specified
category. Acceptable categories can be found as the names of category nodes in the Navigator.
The new view will be created in either the current model or the model designated by the Mn

parameter.

e <Mn> - An optiona argument used to identify the model. Valid model labelsare M0O-M 9.

» [category name] - The name of the component category in quotes.
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Chapter 11. Importing Initial Conditions

The RELAPS plug-in provides the ability to import initial conditions from a previously
completed job. The Navigator model node pop-up menu provides option "Retrieve Initial
Conditions" which opens ajob selection dialog. The dialog has a selection utility for defining
which components will receive updated initial conditions. The Selection dialog shown in
Figure 11.1, “Select IC Receiving Components’ contains a list of each of the categories of
components contained in the RELAP5 model. A checkbox next to each entry indicates that the
componentsin those categories (which are sel ected) will be updated on Initial Conditionsimport.
Selecting on the individual category table cells provides an additional selection dialog which
determines which of those category's components will be updated.

|£| Restart Selection o X
%10 |ocalhost:5005 ;| calcserv:/ /localhost/ RUNS/

¢ [J RUNS/ ob [calc Type [5tatus Submitted |Calc Time |Loaded
: -1.0ES MNo

=] Select Components =}

"

Include Category
Q 2 Accumulators

@ 1 Annulus

£5 13 Branches

£ 22 Fipes

&7 2 Pumps

—— 16 Single Junctions

£:3 11 Single Volumes

E:i_l 2 Separators

@ 20 Time Dependent Volumes
= 12 Time Dependent Junctions
1 & Valves

IC

B EEEE|E R E R E|E

1 | selectAll || Clearselecton |

[Cox ] [cancel ]

[] Preserny

| Time

Figure 11.1. Select | C Receiving Components

Note  Inorder toimport theinitial condtions from a specific job it must first be loaded using
the load action denoted by the arrow icon.

Once the desired job is selected and loaded, an appropriate restart number should be choosen.
The included arrow keys allow cycling through the restarts for a given job. The restart number
and restart time is displayed for each restart encountered in the file. Additionally, heatstructure
internal mesh temperatures can be imported from a Major Edit closest to the selected restart
number if desired. Thelayout of the Retrieve Initial Conditionsdialog issimilar to the Job Status
interface and is shown in the following figure:

95 RELAPS5 Plug-in User's Manual



Managing Initial Conditions

11.1.

[2 Restart Selection
? O jacalhost 5006 ;| caleserv:/ /localhost/RUNS/
o [J|RUNS/ iJob W Calc Type [Status Submittad Calc Time  |Loaded

-5 tigger: 5006 rS_tutorial_ex2 |RELAP Complete |2008.02 18 15:08:03 EDT|-1.0E2 Mo

o B daffy:5006
o= mars: 45000

[206] Selected Components

[] Preserve Numerics
Restart No. Time DDDDD
HS Temps | | Time

Figure Retrieve I nitial Conditions. Retrieve I nitial Conditions

After arestart has been located pressing the OK button begins the initial condition import for
the selected components. Any errors encountered during the import process will be reported to
the Message Window. Oncetheinitial conditionsimport has completed, all selected components
should have updated initial conditions.

Managing Initial Conditions

In addition to being able to retrieve initial conditions, the RELAP5 plug-in allows a user to
store and load existing initial conditions. Each of the stored initial condition sets will be saved
and loaded with the model. The editor for managing model initial conditions can be accessed
from either the right-click pop-up menu item of the RELAP5 model node or in the Model
Options property view next to the Initial Conditions property. The editor is displayed below in
Figure Manage Initial Conditions, “Manage Initial Conditions Editor”.

il 5
| £| Manage Initial Conditions Iﬁ
Index  Mame Description
1|Initial Status e base initial conditions of typpwr

2 Pre-5cram The initial conditions of the model right before soram

’ &. Retrieve ] [ Store ] [ §> Load ] ’ 'ﬂ Remave l

[ oK ][ Cancel ]

-

Figure Manage I nitial Conditions. Manage I nitial Conditions Editor

Notice that the editor provides a few options for managing initial conditions. Selecting the
Retrieve button will cause the dialog to display the retrieve initial condtions dialog shown in
Figure Retrieve Initial Conditions, “Retrieve Initial Conditions’. The dialog provides a way to
set theinitia conditions by importing them from an existing run. Selecting the Stor e button will
store the current model initial conditions. This can be used in conjunction with the Retrieve
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Managing Initial Conditions

button to save sets of retrieved initial conditions. Once a set of conditions has been stored, a
name and label can be applied to identify those conditions. Selecting the L oad button will 1oad
the conditions of the selected set. A stored set of conditions will be deleted when the Remove
buton is selected.

Note  Onceaset of conditionsisretrieved from an existing run and stored, the conditions can
be loaded without having the existing run available.
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Chapter 12. Model Notebooks

The plug-in supports the generation of model-wide reports as a single annotated document
called a"Model Notebook". Information such as cal culations, export data, model status, attribute
descriptions, etc. are all included.

To export amodel notebook, first open either the File menu or right-click on the model nodein
the Navigator. In the resulting menu, select Model Notebook from the Export sub-menu. An
Export Model Notebook dialog will appear, as shown in Figure 12.1, “Export Model Notebook
Dialog”. Document-related settings are all placed within the General and Sub-Systems tabs,
explained below. The Export button at the bottom of the dialog will initate notebook generation
with the current configuration.

L Export Model Notebook - notes.med x
(“General | sub-Systems | Tables |
Document Format |0|1en Document Format ¢odt |v|
Title Page Ttile Page MNote IE‘
Front Matter Multiple Front Matter Notes Specified EI
Classification [uricLessIFIED |
Header [sample Header |
Footer [sample Footer |
Page Styles @ Left/Right _’ Single Page
Misc Mathcad Output Format |Rith Text Format (rtf) |'|
Dollar Variable Display Format |Names |v|
Open Exported Notebook Include Input Listing
Include Control System Sub-sections Include Owner/Reviewer Listing
Include Component Images
Export | | Cancel

Figure 12.1. Export Model Notebook Dialog

General Settings

The majority of document configuration occurs in the General tab. The available options are
described below.

Title Page allows sel ecting or creating amaodel noteto use asthe document title page. To theright
of the field are three buttons related to the reference: Select, Edit, and Preview. Select brings
up a selection dialog to specify which note is referenced. Edit opens a dialog for modifying the
selected note. Finaly, Preview will export the note as an ODF to a user-specified location and
open it in the system-specific default document viewer.

Front Matter allowsadding model note pages either before or after thetable of contents. Multiple
notes can be added to these sections where each note added appears on its own page. The front
matter editing dialog provides a user interface which lists a single row for the table of contents
by default. In the toolbar of the front matter organization dialog, buttons are provided for adding,
removing, and adjusting front matter positions of notes. Using the Up and Down arrows will

99 RELAPS5 Plug-in User's Manual



Sub-System Settings

allow the user to position the model notesrelative to each other and thetable of contents. Any note
appearing before the table of contents row in the editor will appear before the table of contents
section of the notebook. Notes appearing after the table of contents row in the editor will appear
after the table of contents section of the notebook.

The Classification, Header, and Footer fields are optional values placed into the document
header and footer. Header, when specified, is placed at the top of every page in the document;
likewise for Footer and the bottom of the document. If Classification is specified, the text is
placed in large type in both the header and footer.

Page Syl es determines whether the document is generated as pages that alternate between "l eft"
and "right" pages, suitable for printing in book form, or as single pages more suited to an
electronic document. This setting mostly relatesto page margins and the organi zation of el ements
in the header and footer, such as which side of the footer includes the page number.

Misc. contains the remaining options.

» Mathcad Output Format. When user numerics areincluded in the notebook and one or more
are Mathcad functions, this setting determines the format of the function output created by
Mathcad and linked in the document.

* Doallar Variable Display Format Determines the format of Dollar Variables as they appear in
themodel notebook ASCII code segments. When the Names optionis selected, dollar variables
will show up as their name in the displayed ASCII code block. When the Vaues option is
selected, the ASCII displays will only show the values of the dollar variables. This mode's
behavior is consistent with the unix substitution ASCII export modes.

* Include Input Listing. When selected, the ASCII output for each component is listed in a
code section after the annotated information.

* Include Owner/Reviewer Listing. Determines whether owner and reviewer names and
timestamps are included in the annotated component information.

» Open Exported Notebook. When selected, the generated document will be opened in the
system-specific document viewer.

* Include Component Images. Determines whether components with non-trivial View
graphics include the component image in the document.

* Include Control System Sub-sections When this option is selected, each of the major control
system types are contained within their own subsection (eg. 5.1 Logical Trips, 5.2 Variable
Trips, 5.3 Control Blocks...). When the option is deselected, one section includes all of the
model control systemsin asingle section.

Sub-System Settings

Exported model notebooks may opt to organize model components by sub-systems. This
functionality is defined in the Sub-Systems tab, as shown in Figure 12.2, “Export Model
Notebook Sub-Systems Tab”.
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o Export Model Notebook - notes.med x
[ General | Sub-Systems | Tables |
Mame | INest | Wiew
Frimansystem Frimary Hydraulic View
Core | disabled

Intact Intact Loop Steam Generator

Broken Broken Loop Steam Generator
| Export | | Cancel

Figure 12.2. Export Model Notebook Sub-Systems Tab

The list of sub-systems is limited to top-level, "parent" sub-systems (those not found within
another system) and any "child" sub-systemsthey contain directly (child statusisindicated by an
indented name). The Nest flag indicates whether the componentsin the sub-system are organized
into a distinct section in the document (nested) or folded into their parent section (non-nested).
In the case of non-nested top-level systems, the system components are folded into an implicit
model-wide section. That same model-wide section is aso the home of al model components
not organized into a sub-system. If either the model is devoid of sub-systems or no systems are
nested, then system-level sectioning is not performed at all.

Note  Third-level sub-systems and beyond are implicitly folded into their second-level
parents.

The View column allows setting aview used to represent the sub-system. When aview reference
is made, an image of the view will be placed at the top of the system section. View references
are disabled for non-nested systems, as they have no distinct section to house the image.

Tables

Exported model notebooks by default will include al of the tabular datafrom any table varaibles
defined inside the model. This may cause problems when very large tables are included. The
Tables tab, shown in Figure 12.3, “Export Model Notebook Tables Tab”, provides the ability to
exclude the tabular data from the model notebook export. The export format for tables will be
stored with the model.
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o Export Model Notebook - notes.med

(General rSuh—Svstems rTahIes |

Select Table Export Behavior

Table Formatting
SampleTaklel (Time, Reactivity ® Complete ) Without Rows
LargeTahle (7 Columns) i Complete ® Without Rows

Export || Cancel

Figure 12.3. Export Model Notebook Tables Tab
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Chapter 13. Resource File
Import/Export

The RELAPS plug-in provides the ability to export an ASCIlI model from the Model Editor
with each of its associated resources so that the model can be quickly tweaked and read back
in without losing these resources. The resources can be any combination of views, numerics, or
model notes. The exported model contains a numerics map which is written to the top of the
file which identifies numerics that have been assigned within the model. Numerics written to
the ASCII deck are renamed and appear in the exported model in a unix substition format. The
resource map will identify the actual names of the numerics and the unix substitution namesthey
are mapped to.

Resource exports can be made by selecting the Include Resource Map option in the ASCII
Export menu. Thisis displayed in below in Figure 13.1, “ASCI| Resource Export”.

F b |
|£| Select file in which to export the RELAPS deck. LJ&
Savein: | | Resources > 2 E
i 5
Recent Items
Desktop [] Indude Unix Subst. Variables
F—. Indude Resource Map
Es
Documents
LY
Computer
L-l File name: typpwWr_resources.i I Export RELAPS ASCII I
s
Metwork Files of type: | RELAPS ASCII decks. (%) [ Cancel ]

Figure 13.1. ASCI| Resource Export

The plug-in will prompt the user to save the .med file for the model being exported if it has not
yet been saved. The ASCI I export modd refersto the saved .med filefor itsresource information.

Once the exported model has been updated through the use of atext editor, it can be imported
back into the Modé Editor using the normal RELAP import routine. The plug-in will identfiy
the ASCIlI model as a resource model and attempt to locate the resources for that model. The
following dialog is provided when a resource model isimported:
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Select an Option Iﬁ

The selected input model contains a resource model reference to
CASMNAP_PROJECTS\CAFEAMN\Ib\Samples\ Typpwrityppwr.med
Would you like to import resources from the file?

| Yes | [ Mo I ’ Cancel

e

Figure 13.2. Resource Model | mport

Once the resource file has been located the RELAP5S plug-in will gather all the information
required to import the resources into the new model. The user has the option to decide which of
the resources will be included in the new model once the import has completed. The de

sired resources can be choosen from the provided configuration dialog . This dialog can be seen
in Figure 13.3, “Resource Options’.

| £ Resource Options @

Flease select the desired resources to import
from the following options:

7] i
Numerics
Documentation

l oK H Cancel ]

b ]

Figure 13.3. Resource Options

Once al of the desired resources are selected, the import will commence and create the new
model. The model will contain any modifications made with the text editor during the resource
export and will include each of the selected resources.
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