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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.

TRACE version 5.0 was developed by the NRC based off the TRAC-M code, which combined
TRAC-B and TRAC-P. This manual describes the SNAP Plug-in features that are unique to the
TRACE plug-in. Detailed documentation of the TRACE options are provided in the TRACE
input manual whichisaccessiblethrough SNAP. Thismanual should be considered a supplement
to the TRACE input manual. Please refer to the TRACE User's Manua and the SNAP User's
Manual for specific information on TRACE input requirements and SNAP general usage,
respectively.

1.1. Installation Instructions

Theinstalled SNAP plug-ins are |loaded when the M odel Editor is opened or when the Calculation
Server is started. These plug-ins are loaded from the plugins directory found in the directory
where SNAP was installed. The SNAP installation directory defaults to C:\Program Files\snap\
under Microsoft Windows and /usr/local/snap/ under MAC, Linux and Unix systems. The
TRACE plug-in is aways included during installation.

1 TRACE Plug-in User's Manual






Chapter 2. Creating a TRACE Model

A TRACE model can be created in the Model Editor by either importing an existing ASCI1 model
or by creating anew empty model. Once a TRACE model has been created in the Model Editor,
it can be saved to afile and later reopened using the File Open menu item.

2.1. Importing an Existing ASCII File

The SNAP Model Editor supports importing TRACE compliant ASCII input files. These files
are commonly referred to as decks. ASCII files may be imported into the SNAP Model Editor
from the Import sub menu in the File menu. If the TRACE option is not displayed, verify that

the plug-in is properly installed.

his will open the file import dialog shown below in Figure 2.1, “File Import Dialog”. Select
ASCII asthefiletype on the right side of the dialog. The selected file will be imported into the
Model Editor asanew TRACE model.

laNaNa

Select TRACE input deck to import

Look In: ] suite

-

o0 | O—
oo 0—

] original

|__°‘| lgroup-irpwityl3-M.inp
E‘| 1group-irpwty3-h.inp
E‘| lhscasel.inp

rj lhscaselnewiinp

rj 1htstroylnopowr.inp

rj 1htstroylpowr.ing
|__°‘| 1htstrslabnopowrinp

|j| 1htstrslabpowr.inp File Type

E‘| 1htstrslabpowr?.

rj 1LegFT.inp

inp ) ASCII

m

) TPR
rj 1LegTee.inp
[ »
File Mame: |1gmup—irpmv13—m.inp |
Files of Type: | TRACE ASCIl decks. ¢.inp) |"'|
Open | Cancel |

Figure2.1. File Import Dialog

Comment linesthat may exist in the deck are generally ignored during the import process. Decks
exported by SNAP can include description and comment lines for any component. These lines
are written to the deck using *d: and *c: as prefixes to identify description and comment data,

respectively, as shown below:

*

*d: Sinple vessel containing 7 axial levels
*c: This is where coments can be pl aced.
*c: This is line two of the commrent.

*okok ok ok ok type num userid conponent name
vessel 20 1 vessel
* nasx nrsx nt sx ncsr i vssbf
7 1 1 1 0
* idcu idcl idcr icru icrl
3 TRACE Plug-in User's Manual



Importing from TPR

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.

2.2. Importing from TPR

The SNAP Model Editor can also import a TRACE model stored in a platform independent
binary restart file (TPR) generated from TRACE. Theimport processisvery similar to the ASCI|
import. In thefile selection dialog displayed Figure 2.1, “File Import Dialog”, selecting the TPR
as the file type will allow the user to select a TPR file. Once the persistant data has been read
in, the user must select a timestep for the state data. Figure 2.2, “TPR Edit Selection Diaog”
displays an example timestep selection dialog. The state dataincludes all the transient data such
asfluid state, heat structure temperatures and control block initial conditions.

o666 Edit Chooser

Choose an edit location

Time 5tep Time {s]

0 0.0
421 20082598615 963604
12406 240 01116571396503
22577 2400174482 1622725
25041 SO0 0012790959885 4

‘ OK H Cancel ‘

A

Figure 2.2. TPR Edit Selection Dialog

2.3. Creating a New TRACE Model

A TRACE model can be created by selecting TRACE from the list of available plug-insin the
New Model Diaog. This will create a blank model with a single open view. From here new
components can be inserted, or pasted into the model.

TRACE Plug-in User's Manual 4



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 shown below in Figure 3.1, “Model Navigator” or by using
theinsert tool in a2D view. Existing components can be modified, connected, and disconnected
through the property panel or the 2D view.

¢ B2 TRACE models
? **unsaved - (lagroup-irpwiyl2-mMe
o 8= Model Options
o B Hydraulic Compaonents [&]
o ¥ Breaks [1]
o [ll Channels [1]
o~ ¢y Fills [1]
% Heaters [Q]
o §[ Pipes [1]
£5 Plenurms [0]

Pumps [0]
Prizers [0]
kAl Separators [0

—+ Sinale Junctions [O]
gk Tees [0]
<7} Turhines [0]
o= =} Walves [1]
_E Jet Pumps [0]
o {7 vessels [1]
o= 3 Control Systems [2]
o i® Thermal [0]
i® Heat Structures [0]
Il User Defined Materials [0]
g,.‘? Fadiation Enclosures [0]
T f Foweer Campaonents [0]
gf Fowers [0]
M Fluid Power [0]
IFl CCFL Models [0]
(7} Contains [0]
3L Exteriaor [O]
o= «F Cannections [7]
o= flx] Murnerics [0]
= Wiews [0]

Figure 3.1. Model Navigator

Figure3.1, “Model Navigator” showseach of the primary categoriesof componentsfor aTRACE
model in addition to the Connections, Numerics and View categories which are specific to the
ModelEditor. The number contained in brackets to the right of a category name is the number
of current elements. The following chapters are broken down in the same manner as in the
Navigator, with components in alphabetical order inside their chapter.
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TRACE Plug-in Preferences

3.1. TRACE Plug-in Preferences

Several TRACE Plug-in specific settings may be modified through the M odel Editor preferences
dialog as shown in Figure 3.2, “Plug-in Preferences’.

000 Model Editor Preferences

Select Preferences

Flugins
Ceneral
TRACE Anakysis Code
¢ General [ ] Optional [ | Disabled [*
|Use Cell Labels |© True ) False
|Sh0w Completion Dialogs |® True () False

¢ Default Initial Conditions

Use Default Initial Conditions |® True ) False

Pressure | 1085 (Pal| |
Licuict Temp. [ 372.756 (K| |
apar Temp | 372.756 (K

Cas Waolume Fraction [ 00 -1|?||=

M Partial Pressure | 0.0 (Pa)| 7|

Licjuict Vel [ 0.0 (m/s)| 7
apor Yel [ 0.0 (mfs)| P

¢ Connection Preferences

Dashed Control Systems ® True _ False

Cantral Connection Color [z5. 0.0 |
Hydraulic connection Color [0.0.255 | |
Hydro Input Connection Color [0.178.0 | -

Figure 3.2. Plug-in Preferences

3.1.1. Default Initial Conditions

The default initial conditions are used for the state data in hydraulic components created inside
the Model Editor. Thisisaway to easily build a new model that contains components with the
same initial state. These values have no effect on components imported into the Model Editor
or copied from an existing model.

<l
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Chapter 4. Editing a Restart Case

TRACE supports restarting finished cal culations through the use of arestart deck. A restart deck
contains a subset of the datain the original input deck. Thisincludes all the namelist variables,
user defined units and user defined materials. In addition to these properties that must be
resupplied, the restart deck includes afully 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 arestart deck.

T 5 v ar

&% standpipe.med - (Standpipe)

o 8= Model Options
o= T Hydraulic Components [3]
o= 9 Control Systems [14]
o= I Thermal [1]
o= % Power Components [0]
[l CCFL Models [0]
o [ Containment [0]
I Exterior [0]
[E] PARCS Mapping [0]
22 Sub-Systems [0]
? 9 Cases [2
Shorl New

Long| add To Sub-System »
o &9 |ob Stre

o «F Connecti
e b Numericy COPY
o= = Views [4]

F N

Figure4.1. Creating a Restart Case

Restart decks are represented in the Model Editor by "Restart Cases." Restart cases can be created
by right-clicking on the Cases node in the Navigator and selecting 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 Modd 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 "Virtua 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. Thispandl 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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&% »+standpipe.med - (Standpipe)**
[ Editing Restart Case (Long) X

o 8= Model Options
¢ B Hydraulic Components [3]
o= b4 Breaks [1]
ll channels (0]
% ¢ Fills [1]
e A Fill 1 =
ﬁ Heaters [0]
? Pipes [1]
o= Pipe 21
&% Plenums [0]
& Pumps [0]
Iy Prizers [0]
| e W i

[«]

Lol

Figure 4.2. Graphical Restart Editing

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

The contents of a Restart Case may also 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.

Two additional Restart Case properties are used to assist the process of building restart models.
The first isthe Initial Conditions property which allows a previously retrieved and stored set of
initial conditions to be selected for the case. This set of initial conditions will be applied to the
case when it is opened for graphical editing but will not count as a change to the model. The
second is the Preserve Numerics property which indicates that any user defined numeric that
startswith adollar($) should beincluded in the restart case by nameinstead of by numeric value.

TRACE Plug-in User's Manual 8



Chapter 5. Editing Model Properties

Certain properties exist on a model level. These are high-level properties that affect the entire
calculation or steer model boundary conditions. The TRACE plugin provides a series of editors
for defining TRACE component properties. The Property View provides a number of generic
inline editorsfor defining simple attributes. The TRUE FAL SE editor isone exampl e of ageneral
inline editor because it is used to define nearly all logical values. Properties specified in the
generic editorsimmediatly update the ASCII view and add an undo entry to the undo stack.

® True O False @

Figure5.1. Generic Logical Editor

There are many other general case editors used when editing ssmple model properties. Custom
editors are provided for editing properties in the situation where a property requires a more
sofisticated method of specification. These editors provide the user with more intuitive means
of editing and displaying complex 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.

Most of the custom tabular based TRACE property editors provide a pop-up menu containing a
series of editing options. 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 data to 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.

Note  In order to plot table data, Configuration Tool must have the path to the Acegrace
executable defined.
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Model Options

B Geometry - Pipe i

Call . Twa Phase | 20 Orasang
Velurms (i it 7 i
Hamiar e ) Lesnglh (M Fl | Level Tracking Fival
| IEET R {16561 58] 0.0 | | -
Pl BT 0 556158 om
Copy BT 0651 &8) {I.{I_
|87 .656158] oo
Paste T 0 558168 0.0
Saloct AN [07] 0658150 00|
T kELEE G 1 556158 on
J11873087 0681 68| -IHI_ |
011873087 06561 &8) 0.0 | -
Calls | Fdges
Closs

Figure5.2. Custom Editor Options

Additional editors are displayed in the following sections.

5.1. Model Options

All of the properties of amodel that appear outside of other components can be found in Model
Options. This includes global properties, such as the model name, and comment section as
well as the run controls. The Namelist variables, the constrained steady state controllers, and
the hydraulic path steady state controllers are properties of model options and can be found
in the property view. Figure 5.3, “Namelist Properties” below displays the general Namelist
properties for the model. The Show I nactive Entries option limits the displayed properties to
those namelist variables that are currently active. Entering filter text in the provided textfield
updates the namelist variable to only those which contain the specified text.
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Model Options

Edit Namelist Variables

Filter

¥ General [ ] show Disabled |*|
Show Inactive Entries | ® True O False P2
BLOCKAGEQN 0 O True @ False ?
CCIF | (ka/m)| ] (P
CHFMULT O o]|?
CLOSEST O O True @ False T
CPUFLAG [1] Yes [~]|?
CSSMAXNUMOPT L © True @ False @
DOLAYER O o]|?
DTSTRT | 5 : @
ECRPLIMIT O o]|?
FOFHL | : 7
FORCEBU O s)[]|P =

Figure 5.3. Namelist Properties

Note
variable.

Both the tool-tip message, and the pop-up help contain the variable name of aNamelist

Thetimestepsdatafor aparticular model are al so contained inside the Model Options. Figure 5.4,
“Time Step Table Dialog” below displays the timestep table for an existing model. This table
must have at least one entry for a Transient model.

000 Edit Timestep Data
Initial Timestep Size -10 s

End Minimum | Maximum Heat ws Max Carmv | Long Edit Craphics Festart Short Edit

Time Size Size Fluid Size | Power Diff | Interval Interval Interval Interval
2.0E-3 4. 0E-4 4. 0E-4 10.0 1.OE20 2.BE-3 2.BE-3 2.BE-3 2.BE-3
10.0 0.05 1.0 10.0 1.OE20 12.0 0.5 12.0 12.0
50.0 0.05 2.0 10.0 L.OE20O 44.0 1.0 44.0 44.0
S00.0 0.05 2.0 10.0 1.OE20 454.0 2.0 454.0 454.0

Figure5.4. Time Step Table Dialog

| Add | Remove

One of the available namelist options provided by TRACE allows a user to define the loss
coefficient format for data entered into a TRACE model. The IKFAC namelist variable allows a
specification of Fric or K-Factor type loss coefficients. The IKFAC option can be edited by the
namelist variable editor displayed in the figure below:

11
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Model Options

Edit Namelist Variables ~ fpd

Filter |I[KFAC -

¥ General [ ] Show Disabled

I[KFAC [0] Loss Coefficients - E

Default |{[0] Loss Coefficients

1] K-Factors ]
Choke F|-.-[.--.]',_,'|.-L|-.-| 1]

Output Options

Diagnostics

Design Factors

T iT Y i T | T T

RELAPS Options

Figure5.5. IKFAC Namelist Variable

The TRACE plug-in provides a utility to convert FRICS to/from K-Factors. Setting the IKFAC
enumeration editor to a different Friction Option will cause the TRACE plug-in to generate a
report describing all of the conversions required to use the new loss format. The provided report
details information on only those junctions which have losses defined ( Any loss coefficient of
0.0isignored. ) Any values used by the plug-in to convert the loss coefficients, will be displayed
in the report. A brief explanation of those values are provided below.

Hydraulic Component - The owner of the edge which contains the loss coefficients to be
converted.

Edge - The edge which contains the loss coefficients to be converted. In most cases edge
ordering starts at theinlet of the component and incrementsto the outl et side of the component.
For 3D components, the edge face direction is provided along with the coordinates of the cells
which share that edge.

Source Volume - The cell number which is the source of the specified edge. For 3D
components, cells are identified by coordinate locations as opposed to numbers.

Source Cell Length - The computed dx for the cell on the source side of the specified edge.

Target Volume- The cell number whichisthetarget of the specified edge. For 3D components,
cells areidentified by coordinate locations as opposed to numbers.

Target Cell Length - The computed dx for the cell on the target side of the specified edge.
Hydro. Diameter - The hydraulic diameter of the specified edge.

Forward Loss (FRIC) - The FRIC value appropriate for the current edge. If the model
previousy defined K-Factors, this would be the calculated loss, otherwise thisis the original
loss specified in the TRACE model.

Forward Loss (KFAC) - The KFAC value appropriate for the current edge. If the model
previoudy defined Frics, this would be the calculated loss, otherwise thisis the original loss
specified in the TRACE model.
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Model Options

Oncethereport has been provided the OK button on the dialog will accept the displayed changes
to the loss coefficients while the cancel button will leave al loss coefficients unchanged. A
sample report is shown in the following figure.

oo, - i For Loss | For Loss | Few Loss  Few Loss | Fom Wless  For'Vioss Raee VI
ﬁ‘m ""':'!_ =51 .Bn.l.c_a .\:umlJB:u..n e T-H!f“'mll'nl .T:rqmu.rc .me D_am ;H-"EI | K'F.M"' ;Rlﬁ ! WP | ;Pr‘ _"':FJ."\ | R -l
Wakael 20 [ Al Face | Lk .'. HE 1 1. 0Q8F O AS0RN T HiE-6 _I OE-3 10 oo k-8 1 DE-4 a0 I
Vassel 20 L. e Face |[3; M0gET | nesaszEiEs [10E5 jo0 L[] IBAER  [10E5 L]
Tae 100 (BI_[1 3 t O1RS 0 7ATA[N 1253602 ol 0o o0 00 0
Toe 102 (616 nEmE | AFAFH0OrEL_ |04 ali] il] |1 (] L]
Tow 104 {61... & 0755 | OI405D3BE45. |06 o0 oo 5] 00 T
Tog 10481, [8 1260 (LT T a0 ug e (T e |
Toe 104 (E1_0 EX 0 3867]3 AACA [0 07 ol ] ] 00 |
Fip 10§ [1 0758 BEN0E0 RS A fin nn oo 00 |
T TRELT! E] Cell 3 DEGLFIE [IGETE e TR 0 05 0.0 00 19
Piprito w7 PuecSadil 150385 | BO1543(408305 |06 1] i o0 00 T
Tig 112611 w1 004E F -0 08F50 _HII 10 ng K o 0o ]
Tew 113052 [canz 08908 | TAXE-ZD04E. (B0 al] o] 1] 00 L]
Tas 3 Cil 3 05408 TAEHN0ETS . (S0 00 09 |2 00 T
0 e e 08805 | FoE-M00ETE_ |80 alli] i1 |21 (] L]
5 CHlS 005 | TiED0iETs. (50 1] o0 |705] (i} T
] 2908 TS, [50 o] ug ko (] T
T 05905 TAESN0IETE_ 50 o0 ] oo 00 0
] 05408 FAE-HN0IETE (50 o] i o] 00 T
L] 02908 rLE-AN0IETE. |50 00 L] 0.0 00 19
18 05408 T LES{N0TETS_ 50 A1) i ] (] 5]
il 1 4T550 FaE- i |50 a0 ] |7 ] 1 |
-z LE L F 14867 10.65T257(2 0 0.0 g 1] 0o |
wanl T T 3 s s s wio
oK [ cancal

Figure 5.6. FRICS/KK-FACTORS Conversion Report
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Chapter 6. Hydraulic Components

TRACE components used to model fluid dynamics are grouped together as hydraulic
components. These include boundary components (Fill and Break), 1D fluid segments (Pipe,
Plenum, Pump, Prizer, Tee and Valve) as well as the 3D Vessel component. Hydraulic
components are found by expanding the Hydraulic Components node in the navigator.

6.1. Break

6.1.1.

A Break component isaboundary component typically used to provideasink for liquid and vapor
flows exiting the system. Breaks may have constant fluid conditions, table defined conditions,
or conditions controlled by a control system. Figure 6.1, “ Break Properties’ displaysthe general
properties of anewly created Break. Thevariable IBTY or Break Type determines how the break
will behave.

Y Break 9 (9% bkn-loop sec pressure bo QE b
¥ Ceneral ["] Show Disabled
Component Name $93 bkn-loop sec pressure be ‘a v
Component Number | 9‘ e
Description a|ak 4
Inlet Tee 27 Cell 3 outlet Bk
Break Type |01 Mo Tables [~
Temperature Table Option |[0] Enter liquid/oas temp |v| ™ e
Fluid State Option [107 Last interp state Heid Const. [~]®?
Length 4.35)(my| |1 P
Volume 24.8] m?) B
Initial Gas Volume Fraction 1.0[¢) Nl
Initial Mixture Temperaturs 535.14‘ () Nkl
Initial Pressure 4.B5E6| (Pa) ®e
Initial Noncondensable PP 0.0/ (Pa) Ll 4
Adjacent Pressure Flag ) True ® False Nkl
Max Pressure Change Rate | 1 0E5| (Pa/s) e
» Contan Coupling

Figure 6.1. Break Properties

Break Type

The Break Type (IBTY) for new breaks is initialized to 0. This defines a break with constant
fluid conditions. The available options for break type and what they represent are listed below
in Table 6.1, “Break Type Values'.
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Break Table

IBTY
Value

Description

Constant Fluid Conditions

Pressure Controlled By Table

Pressure and Temperature Controlled By Table

Pressure, Temperature and Void Fraction Tables

Same as 3 with Non-condensible gas partial pressure

Same as 4 with the Solute to Coolant Ratio

Control System defined conditions

N oo B~ WIN| P

Contan coupled break

Table 6.1. Break Type Values

6.1.2. Break Table

Thefluid condition values for break types 1 through 5 are entered in the Break Table. Thistable
includes a control system component reference for obtaining the independent variable value, an
optional trip reference for activating or deactivating the table, and aflag that determines how the
independent variable value should be calculated. An example break table for atype 5 break is
displayed below in Figure 6.2, “Break Table”.

o Editing Break Table

Independent Variable <none:=

Controller Trip <hnone:=

Table Variable [_]

Independent Variable Form i) - negative ® + positive

4

[=/[2][2]

Independent
Yariable

Fressure
Fa

0.0

1.0ES

10.0

2.0ES

Add

Remove

oK

Cancel

Figure 6.2. Break Table
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Break Scae Factors

6.1.3.

6.1.4.

6.1.5.

Break Scale Factors

A non-constant break allows the user to apply a scale factor to the state variables. These factors
are located in the Scale Factors attribute group, as displayed below in Figure 6.3, “Break Scale
Factors’. The specified scale factor is applied to the appropriate state variable, whether the
variable isdefined in atable, or is specified from a generalized state controller.

¢ Scale Factors

Fressure Scale | Lo (-)|%
Liquic Temperature Scale || 1.0 {—]?
apor Temperature Scale || 1.0 {—]?
Moncondensable Scale | 1.0 {—]?
Folute Scale | 1.0 (-)|®

Figure 6.3. Break Scale Factors

Break State Controllers

Type 6 Breaks use control systems to define the current fluid state. Any property without
a controller is defined using the corresponding constant property in the genera data If
interactive variables are selected, the associated properties can be adjusted during run-time to
steer the calculation. The generalized state variables are displayed in Figure 6.4, “Break State
Controllers’.

7 State Controllers

apar Yolume Cantraller <Nnone:=

Folute Controller <hnOne:-

Honcondensable Controller < none:

Fressure Controller <Nnone:=

Liquid Temperature Controller |<nonez

51 || o) | o9 || o) || B | ==

apor Temperature Contraller |<none s

Figure 6.4. Break State Controllers

Break Contan Coupling

A Break component can be attached to a Contan compartment when the break type (IBTY) is
set to 7. This enables the contan data shown below in Figure 6.5, “Break Contan Coupling”. A
Contan component must be defined in the model.

¢ Contan Coupling

COMNTAN Cofnpartment E 15
CONTAN Cornpartment Region |Liquid Space ~|®

apor Equilibrium Fraction [ 1.0 (—]?
Fluicd Ecjuilibariurm Fraction | 2.0 (—]?

Figure 6.5. Break Contan Coupling
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Break Trace Species

6.1.6. Break Trace Species

The mass fractions of gas and vapor species are defined in the Trace Species data for a Break
when the trace species values are enabled in the model. The available values reflect the model
properties. The trace species properties of a break are show below in Figure 6.6, “Break Trace
Species’.

¢ Trace Species

l4ir Fraction [ 1.0 (-]
Hydrogen Fraction || 0.0 (1| %
Helium Fraction [ 0.0 (|7
Mitrogen Fraction || 0.0 1%
lsrgon Fraction [ 0.0 1%
enon Fraction [ 0.0 1%
Krupton Fraction [ 0.0 | %

Figure 6.6. Break Trace Species

6.1.7. Break Control Connections

An additional connection point isavailable for break typesthat allow control system inputs. This
connection point is shown on the side of the Break and can be used to establish control system
connections using the connect tool. The Figure 6.7, “Break Hydro Input Dialog” is displayed
when creating a control system connection to a Break to alow the input to be selected.

TIMEOF ~ & : :
1 <

8nn Connect Hydro Input

IE‘ Connect Problem Time 1 as which input?

Ereak Pressure Controller ‘v

Ereak Pressure Controller

Break Liquid Temperature Controller
Break Yapor Temperature Controller
Ereak Yoid Fraction Controller
Ereak Partial Pressure Controller
Ereak Mon-Condensibles Controller

—

Figure 6.7. Break Hydro I nput Dialog

6.2. Channel

TRACE alows the user to implement a bundled fuel channel component as a hydraulic
component that contains al of the heat structure properties for the canister wall, and fuel rods.
The standard hydraulic properties included in a channel are detailed in Section 6.5, “Pipe’.
These properties include geometry, friction, initial fluid conditions, etc. Figure 6.8, “Channel
Completion Dialog” displays the completion dialog for initializing a new channel.
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Channel General Properties

o Initialize Channel Geometry

Hydraulic Properties

Cells Between Flates
MNozzle Cells
End-piece cells

Flow Area

Length of Plate Region

Length of Nozzle Region

5 [2]

2 (2]

oH (2]

1.0E-3| m? | 9

40/ m | @

03 m |9

o] =] [¢]

Length of End-piece m
Canister

Thickness | 3.0E-3| m

Inside Perimeter| 0.5| m

Temperature |

o]l =]

300.0/ K

Material

Material & (Stainless 304) @

Radial Nodes |

EC ]

Fuel

Axial Cells

Fuel Modes
Cladding Modes
Total Rod Radius
Fuel Radius
Cladding Thickness

Temperature

s (2]

5|i|

5):‘

6.0E-3| m

5.25E-3| m

8.5E-4| m

300.0| K

|| Cancel |

Figure 6.8. Channel Completion Dialog

6.2.1. Channel General Properties

The general channel preferences include options for defining the general channel options.
Figure 6.9, “Channel Properties’ displays the properties of ablank channel created in the Model

Editor.

19
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Channel Canister Properties

6.2.2.

6.2.3.

Licid HTE [ Unknown (wm? [ 7|
apor HTC [ Unknown (wm2i| g
Cutside Liguid Temp. | Unknown (K]?
Outside Yapaor Temgp | Unknown (K] ?
iachvanced BWR Design  |@ True ) False 7|
Fod Svimmetry [0] Constant Pitch-to-Diameter |v 7
Burface Rays 0
Fuel Bundles (1 |

Fods per Row

4 |

Use Radiation Enclosure | True @ False k3
Rod Locations Er |7
ifater Rocds Valid values Er|?
Fine Mesh Reflood ) True ® False i3
Radiation Model o %
Wnisatrapic Calculation  [[D] On - ‘ﬁ’_

Figure 6.9. Channel Properties

Channel Canister Properties

The canister wall for the channel is defined inside the Canister Wall attribute group for the
channel. Theinitial temperature array, number of meshpoints and the material for the canister
wall are al defined in Wall Material. The canister wall has the same number of axial nodes
as the channel has cells. The outside of the channel may be connected to a separate hydraulic
component, through the outside component property. Figure 6.10, “Channel Canister Wall”
below displays the canister wall properties of a channel.

¢ Canister Wall

Inner Eadius | 0.7978845¢ (m] ‘?
wiall Thickness [ 3.0E-3 (m)|F|
iMaximum Axial Modes 100 1573
Miniurn Mode Distance || 1.0E-3 (mi| 7|
Liguid Level Tracking | True ® False 2
lucial Conduction ) True @® False 2
icith [ 0.5 (m| 7|
gl M aterial valid Values [E2][ 7]
Canister Emissivity 1 || Unknown (-1 ?
Canister Emissivity 2 || Unknown (-1 ?
Canister Emissivity 3 || Unknown (-1 ?
ifall Temperature [11][2] Temperature YValues EA

Cutside Compaonent Constant BCs E~

Figure 6.10. Channel Canister Wall

Channel

Thefud portion of the channel isdefined in two locations. The general rod properties are defined
inside the Fuel Rod attribute of the channel, whose properties are displayed in Figure 6.11,
“Channel Fuel Rods’. The properties of non-average fuel rods are defined through the navigator,
as sub-nodes. These rods may include a last axial node to implement partial-length rods in

Fuel Properties

advanced rod models.

TRACE Plug-in User's Manual
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Channd Rod Locations

6.2.4.

¢ Fuel Rods

Rod Ratio [ Unknown (=)
Pellet Radius [ Unknown | T |
Mon-Average Rods Valid values ‘?
Fod Thickness [ Unknown (| T |
Meshpoints Invalid Material ?
Initial Temperature Temperature [10][9] ?
(Critial Heat Flux [11] AECL_IPPE [~]|?
Fuel-clad Interaction 2 True ® False @
FCI Calculations o 7
Maximum Axial Nodes 100 7]
Minimum Mode Distance || 1.0E-2 (m)| 7|
Gas Gap HTC [ 6300.0 (W/miK|P|
Fod Ernissivity 1 [ Unknown (-)| T |
Fod Emissivity 2 [ Unknown (-)| T |
Fod Emissivity 2 [ Unknown (-1 F |
Fuel Modes Invalid Values 7
Metal Water Reaction ) True ® False 2
Furface Multiplier | 1.0 (-1

Figure 6.11. Channel Fuel Rods

Channel Rod Locations

The rod location table is a human readable table for placing rods inside the fuel channel. Non-
average fuel rods and water rods require a specific location inside the fuel channel. These
locations are specified through the rod locations dialog displayed in Figure 6.12, “Channel Rod
Location Dialog”.The list on the left side of the dialog displays each type of rod that is present
in the current channel. The grid display shows each fuel pin grid location, and what rod typeis
used at that location.

Clicking in the grid display will select a fuel rod location. Holding the shift-key down when
making a selection will add all of the grid locations between the last selected location and the
currently selected location. Holding the control-key down when making a selection will toggle
whether or not the grid location is included in the current selection.

To changewhat rod typeis used for agiven location pressing the Assign button with one or more
rod locations selected, then immediately select the rod type in the list that you want to use for
the selected locations. Water rods locations cannot be defined in this dialog. They are defined
through the L ocation editor of a particular water rod.
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Advanced Channel Features

ﬁm$mﬂ RG]
Water Rod 1 [16] 2 @@@@@@@@@@@@
Hosos - 6a0as
100008 . 0000
- D e e
Soansaeeeaaan
Jnanneeaeanan
3000000060000,
Saoo0n: - 00a0
Noaos . 000
Hoaonaaananan
He 00600000000

Figure6.12. Channel Rod Location Dialog

6.2.5. Advanced Channel Features

The TRACE channel includes advanced boiling water reactor features such as partial length rods,
and water rods. Partial length rods are Non-Average Rods with the Last Axial Node property
set to a value less than the number of axial nodes in the channel. Water rods are defined inside
the channel directly, in a custom dialog shown in Figure 6.13, “Channel Water Rods’.

06086 Edit Water Rods
Water Rod Editor
Water Rod : 1
Water Rod : 2
| Add | Remove ‘

R L L 1 P L
¢ General [] optional [ ]| Disabled
Ceometny |[1] Cylindrical |v| 7
Inlet Location | Zizl' ?
Inlet Angle [ 30.0 (dem)| 7|
Cutlet Location SE ?
Cutlet Angle [ 90.0 (deg)| %]
Cuter Diameter [ 0024 (m| %
Thickness [ 2.546-3 (m| 7|
Inlet Forward Loss || 20 |7
Cutlet Forward Loss || 10 -9
Inlet Reverse Loss || 15 (-1 7
Inlet Forward Loss || 05 -7
Initial Temperatures | Temperature [2][3] ?
Surface Multiplier || 2.0 (-)| P
Locations [0] Tubes. ?
Radial Mesh [2] Nodes. =3

| 0Ok | Cancel | y

Figure 6.13. Channel Water Rods
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Fill

6.3. Fill

TheFill component isaboundary component typically used as asource for fluid and vapor flows
into the system. Fill components can be defined with constant fluid conditions, tabular fluid
conditions, or with generalized state controllers. Figure 6.14, “Fill Properties’ below displays
the properties for a newly created Fill.

¢ Fill 55

7 General [ ] optional [ ]| Disabled
Component Mame |unnamed | ®
Componant Murmier |55 I[2]
Cescriptian <NONe:- Er |7
Comments <HONE:> Er|%
Fill Type (1] Constant velocity |~]|7
Lenath [ Unknown (| B |

olume [ Unknown (m3)| % |
Initial Gas Yolume Fraction || 0.0 (—]?
Initial Liquid Temperature | IF2.756 (K]?
nitial Wapor Temperature || IT2.756 (k) ?
Initial Pressure [ L.OES (Pal| %]
initial Moncondensible PP || 0.0 (Pa]?
Liquid vel [ 0.0 (mis)| 7|

apar Wel [ 0.0 (mis)| |
Max Accelaration [ 1.0E20 (m/s%)| %]
Rate Factor Takle Rows: 0[] 7
Couple to CONTAN Comp...| True (@ False 7|

Figure 6.14. Fill Properties

6.3.1. Fill Type

The Fill Type (IFTY) for new fills is initialized to 0. This defines a fill with constant fluid
conditions. The available options for fill type and what they represent are listed below in
Table 6.2, “Fill Type Values'.

Value Description
1 |Constant Velocity
Constant Mass Flow
Constant Generalized State
Tabular Based Velocity
Tabular Based Mass Flow
Tabular Based Generalized State
Trip enabled Velocity Table
Trip enabled Mass Flow Table
Trip enabled Generalized State Table
Control System Based Generalized State

Control System Based Generalized Mixture
State

Table 6.2. Fill Type Values

O O Nl | bl WIN

=
o

IR
[N
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Fill Table

6.3.2. Fill Table

The propertiesincluded in the Fill table vary based on the selected IFTY value. If the IFTY value
is 4 or 7, the dependent variable in the table is the mixture velocity. An IFTY value of 5 or 8
results in a table with a mixture mass-flow for the dependent variable. If the IFTY value is 6
or 9, the table contains al the values of a fluid state as dependent variables. The unit type of
the independent variable column is always based on a signal variable or control block selected.
Figure 6.15, “Fill Generalized State Table” below displays the generalized state table for afill.

006 Editing Fill Table
Independent Yariahle FProblem Time 1
Controller Trip <hone:=

Independent Yariable Form () Negative @& Positive

Liguid as Liguid as as Fartial
X Welacity Welacity Temp. Temperaturg Yol Frac Pressure Pressure
- myfs myfs . . - Fa Fa
0.0 0.0 0.0 2760 2760 0.0 1.0ES 0.0
1.0 5.0 5.0 2760 2760 0.0 1.0ES 0.0
1000 0.0 0.0 2760 2760 0.0 1.0ES 0.0
| AddRow || Remove Row
‘ OK || Cancel |
P

Figure 6.15. Fill Generalized State Table

6.3.3. Fill Contan Coupling

A Fill component can be attached to a Contan compartment by selecting True for the Couple to
CONTAN option. This enables the contan coupling data. This data is the same as that displayed
for the break in Figure 6.5, “Break Contan Coupling”. A Contan component must be defined in
the model when this datais enabled.

6.3.4. Fill Scale Factors

A generalized state fill allowsthe user to apply ascale factor to the state variables. These factors
are located in the Scale Factors attribute group, as displayed below in Figure 6.16, “Fill Scale
Factors’. The specified scale factor is applied to the appropriate state variable, whether the
variable isdefined in atable, or is specified from a control system state controller.
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Fill State Controllers

6.3.5.

6.3.6.

¢ Scale Factors

Licuid Temperature Scale | 1.0 (-] "E’

apor Temperature Scale || 1.0 -|%®
Pressure Scale [ 1.0 i-)| %
Moncondensable Scale | 1.0 (-] ?
Eolute Scale | 1o )%

Figure 6.16. Fill Scale Factors

Fill State Controllers

Fills of type 10 and 11 have their fluid state defined by control system references. These state
controllers caninclude signal variables or control blocks. The current value of the control system
input is used directly as the current value for the appropriate fluid state. Figure 6.17, “Fill State
Controllers’ below displays the fill state controllersin the property view.

¢ State Controllers

apor Volume Cantroller <none:=
Bolute Contraller <none=
Licquid Flowe Controller <HnONne>
apor Flow Controller <none:=

Moncandensable Cantraller <HOne=

Fressure Controller <hnone:-

Liquid Temperature Controller |<none:

==5) || =31 || == | =8 || =B || =8} || =B} || ==8)

apor Temperature Contraller [<nones=

Figure6.17. Fill State Controllers

Fill Control Connections

Any fill that includes a control system input has an additional connection point inside 2D views.
This additional connection point shows input connections from control systems, and allows
control system connections to be input using the connect tool. Figure 6.18, “Fill Hydro Input
Dialog” below illustrates this connection process.

(™ H

8o Connect Hydro Input

IE‘ Connect Problem Time 1 as which input?

Fill Liquid Mass-flow contraller ‘v

Fill Liquid Mass-flow contraller
Fill Yapor Mass-flow contraller
Fill Liquid Temperature Controller
Fill Yapor Temperature Controller
Fill Yoid Fraction Controller

Fill Pressure Controller

Fill Partial Pressure Controller

—

™

Figure 6.18. Fill Hydro Input Dialog
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Feedwater Heater

6.4. Feedwater Heater

6.4.1.

6.4.2.

Feedwater heaters are modeled in TRACE as Tee-style component. The main-tube represents
the heater volume while the side-tube represents the steam input from the turbine. The standard
hydraulic properties included in a heater are detailed in Section 6.5, “Pipe”. These properties
include geometry, friction, initial fluid conditions, etc. The Tee propertiesthat afeedwater heater
must implement are detailed in Section 6.11.1, “ Tee Properties’ below. Figure 6.19, “ Feedwater
Heater Completion Dialog” below displays the completion dialog for a new feedwater heater.

000 Define the Heater

Main Tube Length 40 m
Side Tube Length 10 m

Main Tube Flow Area 1o m?
Side Tube Flow Area 0.1 m?
Mumber of Main Tube Cells 35

Figure 6.19. Feedwater Heater Completion Dialog

Feedwater Heater Properties

The general properties of a heater are displayed below in Figure 6.20, “Feedwater Heater
Properties’. These properties control the heat transfer between the shell hydraulics in the heater
component and the hydraulic component connected through a heat structure.

ertical Heater [Horizontal [~]|?
[Tube Bank Outer Diameter || Unknown (m| F |
Baffle Distance [ Unknown (mi| 2|
Drain Height [ Unknown ()| |
Ehell Woid ¥s Liquid HT Rows: O[] ?
Drain Void vs Liquid HT  |Rows: 0 [] =
Shell void Vs Liquid Level |Rows: 0 [] [E~]|%]

Figure 6.20. Feedwater Heater Properties

Feedwater Heater Valve

The feedwater heater includes a valve that controls the steam input flow from the turbine. The
valve properties for a new feedwater heater are displayed in Figure 6.21, “Feedwater Heater
Valve'.

¢ Valve

Independent Source  |<nones= 7
alve Interface Index Edge 15 of 4 ®?

Flow Area [ Unknown (m?)| P |

Hydraulic Diameter || Unknown (m)| 9

Flowe Area Fraction [ Unknown (-)|F

Figure 6.21. Feedwater Heater Valve
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Pipe

6.5. Pipe

6.5.1.

The pipe component is used to represent one or more pipes through the system. Figure 6.22,
“Pipe Completion Dialog” displays the completion dialog for a new pipe created inside the
ModelEditor. If the completion dialogs are not enabled, the TRACE plug-in will remember the
last values entered. For a newly created pipe, the cell volumes will be evenly divided along the
specified length.

O ) ) Initalize Pipe

Total Length 10 m
Hydraulic Diameter 1.0

Number of Cells IUE

Orientation
® Horizontal
) Vertical

‘ Ok H Cancel | y
A

Figure 6.22. Pipe Completion Dialog

Pipe Properties

The mgjority of pipe propertiesare cell and edge properties. These properties can be edited using
the custom editors provided for Component Geometry, Initial Conditions, Friction, etc. Notable
exceptions to this are the pipe wall, wall power, and power to the fluid portions of the pipe.
Figure 6.23, “Pipe General Properties’ below displays the general properties of a pipe.

% Pipe 1
% General []optional [ ] Disabled
Cormponent Mame lunnarried 7
Cormponent Bumber |1 |§
Drescription <none: ?
Comrments <hone: ?
Companent Geametry (Cells: 8 ?
Initial Conditions [ Valid Conditions | [E~][2)
Frictian Fric (0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,... ?
Critical Heat Flux ~ [[1] Biasi ~ |7
Wiall Roughness | 0.0 (m]?_
Fipe Type |[0] No Accumulator ~ |2
Murnber of Pipes [1 7]
Leak Paths [0] Leak Paths e

Figure 6.23. Pipe General Properties
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Pipe Geometry

6.5.2. Pipe Geometry

The geometry of a pipe is edited through the component geometry dialog. The component
geometry dialog consists of atable for editing the values and a display that shows the pipe. This
dialog allowsthe user to change the volume and length of cells, aswell asthe diameter, flow area,
and orientation of edgeswithinapipe. If the [ELV namelist variableis set to 1 the edge angleswill
be calculated from the specified cell elevations. Figure 6.24, “Pipe Cell Geometry” displays the
cells panel of the pipe geometry dialog. Selections made in the table of the component geometry
dialog will be reflected in the visual representation and vice versa. Values that cannot be edited
(e.g. total volume) are shaded in grey.

| |

| £| Geometry - Pipe 1 ($15 bkn-loop hot-leg pipe)

Cell Vol. Avag. 20 Drawing
Number | Volume (m?| Length (m) Flow Area DZ {m) Pivot
1 3. 1246 7.24| 0.43157459 0.0 |:|
2 0.639 1.5 0,426 0.75 |:|
Total 3. 7636 8.74| 0.85757459 0.75
Calculate
(71 Volume () Length @ Area
Cells | Edges | Orientation
e o

Figure 6.24. Pipe Cell Geometry

Thecell geometry editor for most cell based hydraulic components provideshorizontal cell center
pivoting. Pivoting hydraulic cellsis useful in providing a more accurate physical representation
of hydraulic components, but hasno baring on the actual geometrical data. Hydraulic components
which have been pivoted are displayed in the 2D view embedded in the geometry editor as well
asin the primary 2D view.

In TRACE the orientation of a pipe is controlled through its edges. Each edge may be angled
between +90 and -90 degrees with regard to the positive X axis. Additionally, each edge has a
hydraulic diameter and flow area. The flow areais used to determine the width of each cell when
rendered in a 2D view. Figure 6.25, “ Pipe Edge Geometry” below displays the edge panel in the
pipe geometry table.
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Pipe Initial Conditions

6.5.3.

eeae Geometry - Pipe 1
Edge Flowy Hydraulic ; ; Angle GR.AY
Numgber Area im?] Di\fm (mj Lz (ragd] Term
1| 078539816 10= 4+ 4 / 0.0 0.0
2| 078539816 1o=— 4+ 4 / 0.0 0.0
x| 073539816 10= 4+ + / 0.0 0.0
4| 078539816 10= 4+ 4 # 0.0 0.0
| 0.78539816 L= 4+ 4 / 0.0 0.0
& 073539816 10= 4 4 / 0.0 0.0
7| 0.78533816 1o= 4+ 4 / 0.0 0.0
8 073539816 10= 4+ + / 0.0 0.0
a| 0785329816 10= 4+ 4 # 0.0 0.0
10/ 0.78533816 L= 4+ 4 / 0.0 0.0
11] 0785329816 10= 4+ 4 # 0.0 0.0
Edges
|
//::

Figure 6.25. Pipe Edge Geometry

The number of cells and edges inside 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 components associated with the pipe. More information on renodalization can be
found in Chapter 16, Renodalization.

Pipe Initial Conditions

Theinitia conditions of the fluid inside a pipe must be defined for both the fluid cells and flow
edges. The cells contain the fluid state information, while the edges detail the fluid flow data.
These properties are modified in the Pipe Initial Conditions Dialog. Thisdialog isused to modify
the initial conditions of al multi-cell 1D hydraulic components. The volume initial conditions
are displayed in Figure 6.26, “Pipe Cell Initial Conditions’ below.
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Pipe Initial Conditions

a0 Initial Conditions — Pipe 11

Zell Pressure Ligquid Yapar Cas Yolume MiZ Partial
Mumber (Pal Temp ikl Temp i) Fraction Fressure (Fal
2 1.0ES 72756 Era 0.0 0.0 -
3 1.0ES 372756 e (] o] .
4 1.0ES 72756 AT THE 0.0 0.0
5 1.0ES 372756 e (] 00l=
& 1.0ES 72756 AT THE 0.0 0.0
7 1.0ES 372756 e (] .0l
g 1.0ES 72756 AT TEE 0.0 00| |
Steam Tables

L Cells L Edges

Close

Figure 6.26. Pipe Cell Initial Conditions

The edgeinitial conditions define the flow velocity for each fluid phase. Positive values indicate
flow from the inlet of the pipe (cell 1) towards the outlet of the pipe (cell n). Negative values
indicate areversed flow through the pipe. Aswith the cell panel, edge selectionisreflected in both
the table and the visual representation of the pipe. Figure 6.27, “Pipe Edge Initial Conditions’
below displays the edge panel in the pipe initial conditions dialog.
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Pipe Friction Data

6.5.4.

'ARARA

Initial Conditions - Pipe 11

Edge Liuid Yapor
FHumber Welocity (in,fs) Welocity (mjs)
1 0.0 0.0~
2 0.0 0.0
3 0.0 0.0
4 ] Q.4 _
5 0.0 0.0
& ] 0.0
7 0.0 00
8 0.0 0.0
i) 0.0 0.0«
[ Cells L Edges
Close
s

Figure 6.27. Pipe Edge I nitial Conditions

Pipe Friction Data

The pipefriction data definesthe resistance to fluid flow through each edge. Abrupt areachanges
inthe geometry arerepresented here. All multi-cell 1D hydraulic components useasimilar dialog
to edit their friction data. Figure 6.28, “Pipe Friction Data’ below displays the edge friction

dialog for a pipe.

aNaXa)

Friction - Pipe 11

Edge Abrupt Area Friction Factar Additive
Mumber _hange Carrelation Option Lass
1 L Flow Factor + FRIC O]
2 [] Flow Factar + FRIC 0.0)_
H [] Flow Factar + FRIC 0.0
4 [ ] Flow Factar + FRIC 0.0
5 [] Flow Factar + FRIC 0.0l

Edges

Figure 6.28. Pipe Friction Data
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Pipe Wall Heat Structure

6.5.5. Pipe Wall Heat Structure

Pipes may have an internally defined heat structure used to represent the pipe wall. This heat
structure is divided into evenly spaced radia regions defined by the wall thickness. A single
materia is defined over the entire radius of the pipe. The outer boundary condition of the
pipe wall is controlled using constant temperature values and heat transfer coefficients for both
the liquid and vapor phases. Figure 6.29, “Pipe Wall Properties’ below displays the pipe wall
properties for asimple pipe.

w PFipe Wall

Use Pipewall @ True () False ™ 7
Variable Radial Mesh | @) True () False k| ?
Radial Geometry 5 Radial Modes. ™7
Pipewall Material Il Material & (Stainless 304) @ H'a ‘?
Wall Temperature [20][&] Temperature Values H'a ‘?
Outside Component | Constant BCs H'a ?
Inner Radius 0.1 (m) ™7
Wall Thickness 0,025 | {m]) ™ P
Liquid Heat Transfer 0.0 | (wifm3K) ™7
Vapor Heat Transfer 0.0 (W fmK) ™ P
Outside Liquid Temp. 0.0 (K) Vil 7
Outside Vapor Temp. 0.0/ (K) Nl s

Figure 6.29. Pipe Wall Properties

6.5.5.1. Variable Mesh Pipe Walls

The TRACE Plug-in supports defining a variable radial mesh for pipewall heat structures. This
property isenabled when the pipewall isturned on inside aPipe. During ASCI | export the plug-in
will generate a stand-alone heat component which will be included in the ASCII model. This
generated heat structure will have all of the same data as the TRACE spawned heat structure
for a standard pipewall with the exception of the radial geometry. A standard pipewall has a
fixed radial geometry where each node is evenly distributed. The variable mesh heat structure
has a user defined radial geometry. Figure 6.30, “Pipe Wall Radial Geometry” below displays
the dialog for defining the variable radial mesh.

This dialog displays the radial geometry of a variable mesh pipewall. The first column in the
dialog displaysthe meshinterval number. Thethird and fourth columnsdisplay the position from
the center of the pipe. Thefifth and sixth columnsdisplay therelativeinside and outside positions
bounding the interval. These are relative to the inside surface of the pipewall. The last column
displays the thickness of each mesh interval.

This dialog provides the capability of automatically generating the radial mesh. The calculation
options allow for a geometric series or for equally spaced mesh intervals. The geometric series
radial mesh calculation optionsdivide the mesh into regionsin such away that each mesh interval
isprecisely twicethe size of the previous mesh interval. The geometric interval can be calcul ated
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Pipe Wall Power

6.5.6.

6.5.7.

starting from either the inside surface or the outside surface. The number of mesh intervalsin
the geometric series is defined either explicitly by defining the number of nodes, or implicitly
by selecting a maximum size for the starting node of the series.

© Pipe Wall Radial Geometry (=)
Calculation Mode |Equal Distribution Nodes |5 Thickness 0.02 (m)
Interval Inner Outer Relative Relative .
Number Az Radius ) ‘ Radus (m)_| Indde ) | Outside ()| Thidkness ()
1[Material & (Stainless 309 0.1 0,105 0.0 0.2 S.0E |
2|Material 6 (Stainless 304) 0.105 0.11] 0.25 0.5 5.06-3]
3|Material 6 (Stainless 304] 0.11 0.115] 0.5/ 0.75 5.06-3|
4Material 6 (Stainless 304) 0.115 0.12] 0.75] 10 5.0E-3|
Help Cancel

Figure 6.30. Pipe Wall Radial Geometry

Pipe Wall Power

Power can be applied directly to a pipe wall for any pipe in the model. This is a smple way
to apply power to a system without defining more complicated heat structure components. The
pipe wall must be defined before the wall power can be initialized. The power is applied using
an initial value and a power table. The power is divided amongst the radial locations for each
axial cell in the pipe based on the defined wall fractions. Figure 6.31, “Pipe Wall Power” below
displays the Pipe Wall Power properties for a Pipe.

¢ Wall Power

Wall Power Fractions [10][2] Power Fractions 7
Initial Wall Powear | 0.0 (| %]
Off Power | 0.0 (| |
bax Wiall Power Change || 00 (s B |
\Wall Power Scale | Lo )%
Wall Fower Tahle [0] Power Table Rows ?
Wall Power Fate Factor |Rows: 0 [] §

Figure 6.31. Pipe Wall Power

Pipe Fluid Power

TRACE alowsfor power to beinserted directly into the fluid of apipe. Thisis handled through
the power to the fluid properties. This data is located on the fluid segment sub-node (Main
Tube) of apipe. To access these properties, expand the pipein the navigator, and select the fluid
segment. Thefluid power isdefined through aninitial power valueand apower table. Figure 6.32,
“Pipe Fluid Power” below displays the fluid power properties for a pipe.
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Pipe Leak Paths

¢ 3 Pipe 11
o &= Fluid Segement

¢ General Optional [ ] Disabled
Fluid Poswer Option |0n |V| @

Initial Fluid Power [ 0.0 om| P
Fluid Power Off | 0.0 (|7
W aximum Power Rate [ T.0E20 iifs)| B |
Fower Scale Factor [ 1.0 (-1 %
Fluict Power Table Rows: 0 ] E~|?)
Fluicl Power Rate Factor Tahkle |Ruws: o] §

Figure 6.32. Pipe Fluid Power

6.5.8. Pipe Leak Paths

TRACE alows for special hydraulic connections originating from the side of certain hydraulic
components, called aleak path. Leak paths are connections from the side of apipe leading to any
other volume in the model. One of the important differences between aleak path and a standard
hydraulic connectionisthat aleak path can include an elevation change. Figure 6.33, “ Pipe Leak
Path” displays the properties of aleak path defined in a pipe.

Note  Leak Paths can only be created when the "Enable Leakpath Support" TRACE plug-in
preference is enabled.

000
Cannection Source Target Target
Index Cell Companent Cell
1 2af 5 Vessel 500 ($500% .. |1, 1, 16
¢ General [] Optional [ ] Disabled
Leak flow area [ 0.0143 (m%)|%
Loss Coefficient [ 26 (-1|%
Licuid elocity [ 0.0 (m/=)| %
apor Yelocity | 0.0 (m/s)| ]
Elevation Difference || 0.0 im|%
langle 1571 frad)| %
Offtake Model orf |~]?
| cancer | y

Figure 6.33. Pipe Leak Path

6.6. Plenums

A plenum component is used to connect multiple components together at a single location.
Plenum components consist of a single volume with multiple junctions. Each plenum junction
allows the user to specify the effective momentum length as well as the connection face on
the plenum. Unlike the pipe component, the geometry and initial conditions for the plenum are
modified directly in the properties list of the plenum. The only custom editing dialog for the
plenum is the connections dialog displayed below in Figure 6.34, “Plenum Junctions Dialog”.
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Plenum Junctions

6.6.1. Plenum Junctions

The Plenum Junctions Dialog allows the user to create, edit and remove junctions between the
plenum and other hydraulic components. Each junction details how the plenum is connected
to a different hydraulic component. A source component and edge provide the information for
the remote side of the connection. The local side details where on the plenum the component is
connected. The effective momentum length is used in the calculation of €levation changesin the
loop check model validation test.

alaka) Edit Plenum Junctions

Junction Source SOUrce Local Effective
Inclex Companent Eclge Side Length ()
1 Fipe 1 Qutlet Inlet 1.0
2 Fipe 3 Inlet Outlet 1.0
E Fipe 4 Inlet Cther 1.0
Add

Figure 6.34. Plenum Junctions Dialog

6.7. Pumps

6.7.1.

In TRACE, pump components are modeled as a pi pe segment containing a pump cell. The pump
cell is always the first cell. The standard pipe properties included in a pump are detailed in
Section 6.5, “Pipe”. These properties include geometry, friction, initial fluid conditions, etc.

The type of pump and its properties are modified directly in the property view. The properties
needed to define a pump are based primarily on the Pump Type (IPTY). The dialog that appears
when creating a new pump is shown in Figure 6.35, “Pump Completion Dialog”.

fffffffff Initialize Pump Data

Total Length [ 4.0 m

Hydraulic Diameter | 1.0

Number of Cells | 4=

Pump Type |IJ : Table Controlled Fluid Yelocity ‘V‘

Orientation
(@ Horizontal
) Vertical

y
Figure 6.35. Pump Completion Dialog

Pump General Properties

The general pump properties are displayed below in Figure 6.36, “General Pump Properties’.
These properties are general pump properties that are included in most pumps. The Pump Type
(IPTY) must also be specified in addition to the properties shown below.
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Pump Speed Vaues

6.7.2.

6.7.3.

6.7.4.

Feverse Rotation |[l]] No |v| 7
Cegredation Qption |[1] Single and Two P...|V| ?
Effective MOl | 3460.0 (kg*mzl?_
Ilse Alternative Inertia | True @ False i3
Furmp Curve Qption |[1] Built-in Semiscal...|v| "?
Zero Order Efficiency || 0.0 (—]?_
First Order Efficiency | 00 -7
Fecond Crder Efficiency || 0.0 -7
Bpoeed/Torgue YWar, “none: ?
Bpeed Trip <hnone:= ?
Cff Speed Controller = none:= ?

Figure 6.36. General Pump Properties

Pump Speed Values

The speed values for the pump are located in the Speed Values attribute group shown below in
Figure 6.37, “Pump Speed Properties’. The speed tables are not used in an electric motor pump,
however the speed conditions and controllers must be entered.

¢ Speed Values

Initial Speed | 124.4 (rad/s) ‘?
0ff Speed [ 0.0 (rad/s)| 7|
Maximum Speed Change || 0.0 (rad;s]?
Epeed Scale Factar | 0.0 (-| %
Off Speed Contraoller <nonex S0 ‘?
Fpesd Table Rows: 0 [] Er |7
Fate Factor Takle |Rows: 0] Er| %

Figure 6.37. Pump Speed Properties

Pump Initial Fluid Conditions

The Mass Flow Rate property isthe massflow rate across the pump interface inlet. This property
is only entered when the pump is used by a steady state controller of type 1. To enable this
property, create atype 1 CSS, and select the pump as the reference component.

Pumps also include the same initial fluid conditions as a pipe component. Refer to Section 6.5,
“Pipe” for information regarding pipe initial fluid conditions.

Pump Alternate Inertia

Pumpsmay use aset of dternateinertiadata, enabled through the Use Alternative I nertia property
in the general properties of a pump. The alternative inertia properties are displayed below in
Figure 6.38, “Pump Alternative Inertia Properties’.
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Pump Friction Factors

6.7.5.

6.7.6.

6.7.7.

¢ Alternate Inertia

Wternate Inertia 1.0 (kg*m?)| %
Moment Coefficient A 2.0 tkg*m?)| % |
Moment Coefficient B 0.0 tkg*m?)| % |
Moment Coefficient © 0.0 (kgm?|F |
lAlternate Speed Cuton 100.0 (radjs]?
Speed Dropped [0] Greater Than OMTEST | |7

Figure 6.38. Pump Alternative I nertia Properties

Pump Friction Factors

Pump components have additional friction factor data not present in other hydraulic components.
This additional data represents the friction from the pumping action. The friction factors are

displayed below in Figure 6.39, “Pump Friction Factor Properties’.

¢ Friction Factors

Frictional Tarque © || 0.0 (Pa*mi)|F
Frictional Tarque 1 || 0.0 Parmi| P
Frictional Torque 2 || 0.0 (Pa*m¥)| |
Frictional Torque 3 || 0.0 (Pa*mi|F|
Torgue Break Speed || 0.0 (radjs]?
Low speed O [ 0.0 (Parm)| 7|
Low speed 1 [ 0.0 (Pa*mi|F|
Low speed 2 [ 0.0 (Pa*m¥)| |
Low speed 3 [ 0.0 (Pa*mi|F|

Figure 6.39. Pump Friction Factor Properties

Pump Rated Values

Therated values of a pump are the factory specifications appropriate for the make and model of
the pump. These values are displayed below in Figure 6.40, “Pump Rated Values’.

¢ Rated Values

Fated Head

B43.0 (m%/s])

Fated Torgue

4.285E4 (Pa*m’)

Fated YWolumetric Flow

EEE (mi/s)

Fated Density

1000.0 (kafmi

Fated Speed

el | o8| o=l | o8| o)

124.4 {rad/s)

Figure 6.40. Pump Rated Values

Pump Homologous Curves

The Degradation Option and Pump Curve Option determine which pump-curve properties
are required. The pump-curve properties are displayed below in Figure 6.41, “Pump Curve
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Pump Control Connections

6.7.8.

Properties’. The pump-head and torque curves must be entered for each quadrant, while the
degradation multiplier tables have a single table applied to all values.

¢ Curves

Fump Head Multiplier <hone: ?
Ringle-phase Head 01:0,020 Q3 u?
Fullv-degraded Head 01:0,020 Q3 u?
Fingle-phase Torgue 01:0,0%0 Q3 u?
Fullk~degraded Torgue Ql: 0,02 0,Q3: u?
Head-degredation Mult.  |[Rows: D [] ?
Torgue-degredation Mult, [Rows: O [] ?

Figure 6.41. Pump Curve Properties

The pump-head and torque tables are modified in a custom dialog that allows the user to select
the quadrant and enter the data for that quadrant as aregular table. The column headersfor these
tables display the unit label for the selected quadrant. The custom pump curve dialog is shown
below in Figure 6.42, “Pump Curve Dialog”.

086 Homologous Curve
kegion 1]~
Table Values
o hiw®
[ ] 1.0
1.0 2.0
2.0 20
20 4.0
40 5.0
| Add || Remove |
‘ 0Ok H Cancel |
A

Figure 6.42. Pump Curve Dialog

Pump Control Connections

Control system components are used for many of the tables and properties inside pumps. These
control connections may be entered directly in the property view from a component selection
dialog, or they may be established using the connect tool on 2D Views. In the center of the pump
node there is a connection point for control system components.

To use the connect tool to establish these connections, click on the output node of a control
system component, then click on the center connection point inside the pump. A dialog will open
displaying al of the available connectionsfor the pump as shown in Figure 6.43, “ Pump Control
Input Connections’. After selecting a control input, pressing the OK button will establish the
connection.
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Prizers

TIMEOF "‘.
5 (-

a6 Connect Hydro Input

E Connect Problem Time 5 as which input?
|Pump—impe|ler Speed Trip ‘V‘

| 0K H Canl:el|

Figure 6.43. Pump Control I nput Connections

6.8. Prizers

6.8.1.

In TRACE, aPRIZER component is available for presurizer modeling. The standard hydraulic
component properties included in a PRIZER are the same as for a PIPE and are detailed in
Section 6.5, “Pipe”. These properties include geometry, friction, etc.

The completion dialog that appears when creating a new pressurizer inside a TRACE model is

displayed below in Figure 6.44, “ Pressurizer Completion Dialog”. Like other completion dia ogs,
this dialog will not be displayed if the Use Completion Dialogs preferenceis set to False.

O O O Initalize Prizer

Total Length 4.0 m
Hydraulic Diameter 1.0
Number of Cells 45

Orientation
) Horizontal
® Vertical

| Ok H Cancel ‘ y
)

Figure 6.44. Pressurizer Completion Dialog

Prizer Properties

Therearefour additional propertiesfor the pressurizer component. These propertiesare displayed
below in Figure 6.45, “Prizer Properties’. Heater Power is the total power from the built in
heater. The Pressure Setpoint is the point at which the sprayers inside the pressurizer activate.
The Pressure Differential is the differential at which the heater and sprayers are at maximum
power. The water level that resultsin the heater turning off is entered in the Heater Cutoff Level.
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Separator

Heater Power | 1.7E6 (| %
Pressure Setpairt | 1.55E7 (Pa)|®
Frezsure Differential | 2.0E5 (Pa) ?
Heater Cutoff Lewel || 2.0 im)| %

Figure 6.45. Prizer Properties

6.9. Separator

The separator component is a volumetric component with a main and side tube with similar
geometry and initial condition properties to Tee components. The main tube represents the
separator itself, with theinlet suplying mixed water and steam, and the outl et rel easing wet steam.
The side-tube models the water drain from the separator. The standard hydraulic component
properties included in a Separator are detailed in Section 6.5, “Pipe”. These properties include
geometry, friction, etc. The Tee properties that a separator must implement are detailed in
Section 6.11.1, “Tee Properties’” below.

The completion dialog that appears when creating a new Separator inside a TRACE model is
displayed below in Figure 6.46, “ Separator Completion Dialog”. Like other completion dialogs,
this dialog will not be displayed if the Use Completion Dialogs preferenceis set to False.

0606 Initalize Separator

Main Tube Length 4.0 m
Side Tube Length 1.0 m

Main Tube Flow Area [ 1om?
Side Tube Flow Area T 1om?
Mumber of Main Tube Cells ’:E
Number of Side Tube Cells [ 31

Figure 6.46. Separator Completion Dialog

6.9.1. Separator Properties

The unique properties required for defining a separator are displayed below in Figure 6.47,
“Separator Properties’.

Feparator Count [1 |
Diryer Count [ |
(Carmyover Unknaown (—]__
Carmunder Unknaown (—]__

b inimum Barrel Woid Unknown (=]

i aximurm Barrel W oid Unknown (=]

Figure 6.47. Separator Properties

6.10. Single Junctions

Single junction components are hydraulic components with no volume. They represent asingle
flow path between hydraulic components with all of the flow and geometry properties of an
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6.11.

edge inside a pipe component. These were implemented as part of the effort to convert RELAPS
models to TRACE. Unlike other hydraulic components, the single junction does not open a
completion dialog. The standard hydraulic component properties included in a Single Junction
aredetailed in Section 6.5, “Pipe”. These propertiesinclude geometry and fluid flow. The single
junction does not contain any volume properties.

Tees

In TRACE, Tee components can be used to model branching flow paths. The standard hydraulic
component properties included in a Tee are detailed in Section 6.5, “Pipe’. These properties
include geometry, friction, etc.

The Tee component contains two fluid segments: the main tube and the side tube. The main tube
represents the primary segment, while the side tube is the segment that intersects the main tube.

The completion dialog that appearswhen creating anew Teeinsidea TRACE model isdisplayed
below in Figure 6.48, “ Tee Completion”. Like other completion dialogs, this dialog will not be
displayed if the Use Completion Dialogs preferenceis set to False.

Initalize Tee

Main Tube Length 4.0 m

Side Tube Length 1.0 m

Main Tube Flow Area [ T1om?
Side Tube Flow Area [ orm?
Number of Main Tube Cells ':E
Number of Side Tube Cells | 2|

Figure 6.48. Tee Completion

6.11.1. Tee Properties

6.12.

Figure 6.49, “Tee Properties” below displays the additional properties required for a Tee
component. These properties detail how the side tube connects to the main tube. The Sde
Tube Junction Index defines the main tube cell where the side tube is connected. The Zero Out
Momentum flag disables the momentum term in the motion equations. S de Tube Junction Cosine
is the cosine of the horizontal angle between the main tube and the side tube, which is used in
the momentum equations as well asthe 3D display.

Sicle Tube Junction Index Cell 3] of4 72
Zero Out Marmenturn |[l]] Mo |v| 74
Bide Tube Junction Cosing || 0.0 -1

Figure 6.49. Tee Properties

Turbines

Turbines are modeled in TRACE as a volumetric component with a main and side tube with
similar geometry and initial condition properties to Tee components. The main tube represents
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Turbine Properties

flow path through the turbine. The side-tube models the water drain down to the feedwater
heaters. The standard hydraulic component properties included in a turbine are detailed in
Section 6.5, “Pipe’. These properties include geometry, friction, etc. The Tee properties that
must be defined for aturbine are detailed in Section 6.11.1, “ Tee Properties’.

The completion dialog that appears when createing a new Turbine inside a TRACE model is
displayed in Figure 6.50, “Turbine Completion Dialog”. Like other completion dialogs, this
dialog will not be displayed if the Use Completion Dialogs preference is set to false.

000 Initalize Turbine
hain Tube Length 4.0 m
Side Tube Length 1.0 m

Main Tube Flow Area lilﬁ m?
Side Tube Flow Area ’701 m?
Number of Main Tube Cells ’:E
Number of Side Tube Cells | 1

Figure 6.50. Turbine Completion Dialog

6.12.1. Turbine Properties

6.13.

Figure 6.51, “ Turbine Properties’ below displays the additional properties required for defining
a Turbine component.

[Turhine Efficiency Unknaown (—]_

Beparator Efficiency Unknaown (—]_

Initial Fotor Vel Unknown (rad,fs]_

Fotor Inertia Unknown (kg*m?)

Fated Massflow Unkniown (kg,‘s]?
Bidearm Separation Model |[0] Mo TRAC-E Sidearm Model |v ‘?
Humber of Lumped Stages (0 7
Fotor Mumber o ‘?
Faturation Flag [0 |7
Mozzel Area Option [0 |7
Fated Angular Vel | Unknawen (rad,fs]__
Windage Friction [ Unknaown (—]_

Rated Targue | Unknown (Pa*m| B |

Figure 6.51. Turbine Properties

Valves

In TRACE, Valve components are modeled as a pipe segment containing a valve edge. The
standard pipe propertiesincluded in aValve are detailed in Section 6.5, “Pipe”. These properties
include geometry, friction, initial fluid conditions, etc. Valve components are used to control
flow through the model. In general these are used to simulate one or more valvesinside the plant,
however they can be used to activate the transient.

Figure 6.52, “Vave Completion Dialog” below displays the completion dialog for a valve.
Like other completion dialogs, this dialog will not be displayed if the Use Completion Dialogs
preferenceis set to False.
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O O O Initalize Valve

Total Length

MNumber of Cells

Orientation
® Horizontal
) Yertical

4.0 m
Hydraulic Diameter 1.0
4

‘ Ok || Cancel |

P

Figure 6.52. Valve Completion Dialog

6.13.1. Valve properties

The valve properties are primarily dependent on the Valve Type (IVTY) selected. Figure 6.53,
“Vave Properties’ below displays the properties of a sample valve. The Valve I nterface | ndex

(I'VPS) isthe index of the edge inside the valve where the interface is located.

Note  TheVaveinterface may only be an external edge if that edge is connected to a Break

component.
alve Interface Indesx Edge ZE of 3 7
Flow Area Ajustment Tyvoe |FlowArea Fraction per Second |V| ®
Maximurm Valve Rate [ 1.0E5 (1/51|%
0ff Adjustment Rate [ 0.0 (1/5)|F |
M inirmur Position | 0.0 (-1 7|
I axirmurm Position | 0.0 (-1 7|
alve Flow Area [ 0.1521 (m 7|
alve Hydro Diameter | 0.254 im)| %
Initial Fraction | 0.0 t-)| %
alve Stern Positioh | 0.0 t-)| %
First Adjustment Table Rows: 2 [0.0,0.0],[1.0E-5,1.0] ®
Becond YWalve Tahle |Ruws: 0] ?
Rate Factar Table Rows: 0 [] =k
alve Table Indep. ¥ar.  |Problem Time 1 5|7
alve Trip Trip 11 7
Crverrice Trip <none: ?

Figure 6.53. Valve Properties

6.13.2. Valve Control Connections

Control system components are used for many of the tables and properties inside valves. These
control connections may be entered directly in the property view, or they may be established
using the connect tool ona2D View. A connection point is provided on the valve stem for control

system inputs.

To use the connect tool to establish these connections, click on the output node of a control
system component, then click on the valve stem connection point on the valve. A dialog will
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open displaying al of the available connections for the valve as shown in Figure 6.54, “Valve
Hydro Input Dialog”. After selecting a control input, pressing the OK button will establish the
connection.

TIMEOF ,/%
59 e ﬁ

aee Connect Hydro Input

E‘ Connect Problem Time 59 as which input?
‘\-‘al\fe Table Indep. Var. ‘V|

| OK H Cancel|

Figure 6.54. Valve Hydro Input Dialog

6.14. Jet Pump

The Jet Pump component is a volumetric component with a main and side tube with similar
geometry and initial condition properties to Tee components. The main tube represents the
pump volume. The side-tube model sthe jet source. The standard hydraulic component properties
included in a Jet Pump are detailed in Section 6.5, “Pipe’. These properties include geometry,
friction, etc. The Tee properties that a Jet Pump must implement are detailed in Section 6.11.1,
“Tee Properties’ above.

The completion dialog that appears when creating a new jet pump is displayed below in

Figure 6.55, “ Jet Pump Completion Dialoge”. Like other completion dialogs, this dialog will not
be displayed if the Use Completion Dialogs preference is set to False.

808 Define the JetPump

Main Tube Length 4.0 m
Side Tube Length 1.0 m

Main Tube Flow Area [ T1om?
Side Tube Flow Area [ o1 m
Number of Main Tube Cells | 3}
Number of Side Tube Cells | 1]

Figure 6.55. Jet Pump Completion Dialoge

6.14.1. Jet Pump Properties

The additional properties of ajet pump that must be defined are displayed below in Figure 6.56,
“Jet Pump Properties’. These properties appear in the property view below all the general
properties of the jet pump.
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Dfftake Model Option |ofr ~|?
Mumber Of |etpumps [0 &2
Forward Diffuser Formloss || 5.5 (—]__
Feverse Diffuser Formloss || 038 (—]__
Forward rlozzle Formloss || 5.5 (—]__
Feverse Mozzle Formioss || 038 (—]?
[Fuction Formloss [ 0.04 (-1 7|
Discharge Formloss [ 0.45 (-)| P

Figure 6.56. Jet Pump Properties

6.15. Vessels

TheVessel component isthe 3D hydraulic component for TRACE. Vesselsare either rectangular
or cylindrical components broken down into axial levels. Each axial level has a planar array
of cells organized first by the Y or Azimuthal axis, and then the X or Radial axis. Unlike 1D
hydraulic components, Vesseal cells are referred to by a compound number combining the axial
level, and the planar cell index. Figure 6.57, “Vessel Completion Dialog” below displays the

completion dialog for a vessel.

o Initialize Vessel Data x
Vessel Geometry |C1r|indrical |v|
Vessel Height [ 1251 m
Vessel Outer Radius | 2.1571 m
Total Azimuthal Angle | 360.0 deg
Number of Axial Levels | ?Iil
Number of Radial Rings | 2|i|
Number of Azimuthal Sectors | 4|i|

Include Downcomer O

Include Core O

| OK || Cancel |

Figure 6.57. Vessel Completion Dialog

6.15.1. Vessel Geometry

Vessels are 3D components that may be defined in cylindrical or Cartesian coordinates. The
decision of coordinate system must be made from the completion dialog, and cannot be changed
after the dialog is exited. Aswith 1D components, the nodalization isinitialized during creation
and can only be modified through the renodalization wizard described in Section 16.2, “3D
Hydraulic”. The geometry of the existing nodalization may be modified through the Geometry
and Connections dialog shown below in Figure 6.58, “Vessel Geometry”.
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MmN

3D Vessel

Translate

’ Zoom
-7 |+ [FR] -
\

;

Rotate

t
- | -
¥

Figure 6.58. Vessel Geometry

Close

E;rNudalizatiun rCunnecliuns |

Select Axis|Axial Levels

|v|

[ ] Display Actual Positions

Lewe|

Length
m

Le3

42026

1.2141

1.2142

1.2141

1.185

= | P | s A | o | )

1.79

This dialog allows the user to change the dimension of selected nodes. The selected nodes are
displayed in the 3D representation of the vessel on the left hand side. The table on theright side
of the dialog may display lengthsin absolute length, or by relative length. Relative lengths must
be displayed for User Defined Numerics to operate correctly.

6.15.2. Volumetric and Edge Data

The volume and edge properties may be modified through a single custom dialog. This dialog
displays a 2D representation of the vessel from the side, and top-down. Cell and Edge selection
may be done either by selecting nodesin thetable, or by selecting nodesinthedialog. Thevolume
portion of the dialog is displayed below in Figure 6.59, “Vessel Cell Properties’. The editing
property is selected from the list at the center of the dialog and the current units are displayed
to the immediate right of the list entries.

Note

Volume Fraction is a derived value which does not support user defined numerics.
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(<] Volumetric and Edge Data - Vessel 26 ($26% 3-d vesse n x

Top Down Vi [ "cens | Edges ]
ob Down View ; g al Dispiay Mode [Al [~ |ring jan [ 2]
“Volume & Area Frac > 1.0
. .
N e i [ vorume a3 7l Lovels Ring: 1 Ring: 1 Ring: 1 Ring: 1 Ring: 2
0 : N 2 o Sect 1 Sect 2 Sect 3 Sect 4 Sect: 1
i :||\Volume Fraction E
-t : [T 3.0000433] 4.0009433] 4.0005433] 4.0009433] 0.4768255
i | void Fract
b JVerd Fraction @l s 11814827 11814827 11814827 11814827 1.524847
e | mmiai vapor Temperawre a0 (9] | [tevel 5 14019335 14019335 14019335 14019335 0 458627
oS . A | e a 1402049 1402043 1402049 1402048 0 458665
L f il Liquia T w (7] ez 14019335 14019335 14019335 14019335 0 458627
| | Pressure ¢y 2]l [everz 25220502] 25220502] 25220502| 2 5220502| 0 412282
: : i 35167492) 3.5167492) 3.5167492| 3.5167492| 0.263469
In d. Partial P
. i Noncond. Partial Pressure (a) BN e e e e A
E i 4 ‘| Boron to coolant Mass Ratio IE :
|| Prated-out Boron Density =7l
Al :|[Boron 10 Mass Fraction E
|[Level Tracking =l
AERE | Tube Rows :
Level: 7 :
Level: &
Level: 5
Level 4
Level: 3
Level: 2
Level: 1
Al [l 0 D

Figure 6.59. Vessel Cell Properties

The cell propertiesin the dialog aso allow specifying which portion of the vessel to display.
These display modes (when available) include the entire vessel, the downcomer, and the core
region. When one of these display modes are selected, the included rows and columns in the
cell table will be only those appropriate for the given selection. In additon to the global display
mode table cell filtering, specific ring/x locations can be selected through the provided spinner
element. When aring or x value is specified, only the datafor that ring/x value will be displayed
in the table. It also should be noted that the ring/x value spinner will only include the rings/x
valueswhich are appropriate for the display mode selected (ieif the downcomer is not contained
inradial level 1, radial level 1 will not be selectable from the ring selection spinner). Finally, for
the cell volume property, volume totalswill be displayed for each row and columnin thetable. If
the core or downcomer is selected, the provided totalswill assume values of 0.0 for the locations
in the vessel which do not include the selected core/downcomer.

Figure 6.60. Vessel Cell Properties Display Filter

The edge dataisdefined in the samedial og by selecting the edge tab. The edge propertiesare al'so
restricted by axis. An additional combo-box in the edge panel allowsthe user to select the current
edge. The graphical representation of the vessel reflects this change by selecting the appropriate
edge, as shown with the azimuthal edge selectionbelow in Figure 6.61, “Vessel Edge Properties’.

Note  FlowAreaFractionisacalculated valuewhich does not support user defined numerics.
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=) Volumetric and Edge Data - Vessel 26 ($265 3-d vessel) x
i 2| cens | Ea 4
i) (B Y gL cels ges | ] Ring 1 Ring 1 Ring 1 Ring: 1 Ring: 2
f E Levels Sect: 1 Sect: 2 Sect: 3 Sect: 4 Sect: 1
! i T e | ey 035 035 035 535 169
2 T TN 1 ‘| Flow Area 3 3 |Level & 023 023 023 0.23 0.178
! i ) | |Lever s 0.013 0.013 0.013 0.013 0.178
PN ;| Flow Area Fraction | JLever 4 0.012 0.012 0.013 0.013 0.178
i - :| Hydro Diameter gm) o [cever: 3 0.013 0.013 0.013 0.013 0.178)
7 ARt gl g i | |Lever. 2 0.23 0.23 0.23 0.23 0.41
=== €42, 1 | i Forward Vapor Loss | Jever 1 0.74 0.74 0.74 0.74 0.82
oy NS ) *| Forward Liquid Loss E
N \\ I g K . - B
N a9 e L : Initial Vapor Velocity (m/s) :
) - A | Initial Liquid Velocity @/s) ;
! ] ;
| Liquid wall Fric Mult :
} iquii al ric Mul :
|| vapor wall Fric Mult ;
All ‘| orifice option ;
Z||Abrupt Area Change B
Side View E ' a B
Leval: 7
Lewvel: &
Lewvel: 5
Level: 4
Lewvel: 3
Leval: 2
Level: 1 2 E
A § A [T I D

Figure 6.61. Vessel Edge Properties

6.15.3. Vessel Boundary Interfaces

The node and interface indexes for various structures inside vessels are located in the
Boundary Interfaces attribute group displayed below in Figure 6.62, “Vessel Boundary Interface
Properties’. The layer and interface selection spinners are limited by the available nodalization
of the vessdl.

¢ Boundary Interfaces

Includes Downcarmer ® True ) False 7
Ciovencomer Upper Interface | ﬁlil ‘?
Ciowincomer Lower Interface | 2|i| 7
Diovenicomer Inner Eadius | 15_?
Includes Core ® True ) False B
Core Upper Interface | s|®
Core Lower Interface | 27
Core Quter Radius | 1|7
Lower Support Plate | o|?
Upper Suppart Plate | o—|%
lUpper-head support Plate | o7

Figure 6.62. Vessel Boundary I nterface Properties

6.16. Vessel Junction Components

The vessel junction component manages the input for a set of individual single junction
components connecting one vessel to another. It provides tools to facilitate creating and
managing those single-junctions. It includes a user-interface that identifies the locations of the
single-junctions and allows the user to specify the properties for individual single-junctions
contained within the connection. A drawn representation is provided in order to be visualized
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in 2D views. The component includes I/O routines for export and import of the Vessel Junction
Components.

6.16.1. Initialization

The Vessel Junction component can be created like any other hydraulic component. Thisis done
either from the New menu item off of the Vessel -Vessel Junction right-click pop-up menu or
using the 2D view component insertion tool. When the component isfirst placed asetup wizardis
provided. Thiswizard will guide you through initialization of the vessel junction component and
itsinternal singlejunctions. Thefollowing dialog is provided when aVessel Junction component

isfirst created:
' k.
| £:| Vessel Connection Initialization &?—J
Connection Direction | Axiz
Inlet Vessel Vessel 26 (5265 3-d ve 5_="' Qutlet Vessel Vessel 204 5_="'
Axial Level | 2}5- Face: Qutet - | Axial Level 5= Face: ;Inlet - .
l 1ii]utlet \
- | i A
& | %
| LY
- = '-l - = Y 1"..
I T
:’ [ \.,. £ u‘
r 1 2 - i 1 2
SRR P R || - R
| | ¥ v F)
% s g '
\'l-.. | . ] !.l"'- N
-~ 4= y
| s
i ‘
3 i 4 #
i 3
Cancel | | Next 3 |

e

Figure 6.63. Vessel Connection I nitialization Wizard

In this dialog the source vessel, target vessel, and connection direction, axial positions, and
faces are specified. A drawn representation of the planar views for each selected vessel will be
provided. Once the connection information is specified the Next button will be enabled. In the
case where the selected vessdals are using the same coordinate system (Cartesian to Cartesian
or cylindrical to cylindrical), the wizard will generate a series of junctions for each of the
intersecting areas between the vessels (except on those locations where zero volume exists).
The flows areas for the resulting junctions will be the flow area of the volume formed by the
intersecting cells multiplied by the minimum volume fraction of the two adjoining cells. No
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internal junctions will be created when vessels are selected which have different coordinate
systems.

A vessd initialization configuration dialog is provided once the vessels have been selected and
theinternal junctionsareinitialized. Thisdialog providesadisplay of each of the vesselsinvolved
in the connection, add and remove junction buttons, and mapping functionality.

[ £ Veszel Connection Properties E
IConnection Direciion: Axial
S ource Vessel 26 b Mzp | Target Vessel 204 am Map
I L
- i
2 | 1 %
[ 'i..
PN ~
: : ‘u :f il .
L] P
L 2 o w11 2
R s et Sl T R
§ | [} W ¢
p 3 I ] h '}"- - ‘
= {_ - ‘l_,
I ’
3 ; 4 P
i 3
Junchion Source Location  TargetLocation  Flow Area (m) Add, Loss
214001 Ir:1, &1, 2:2 p:1, k1, =5 0.94752301 0.0 »
214002 [ril, b1, 2:2 r:2, bl 23 20114435 0.0
214003 :r: 1, 07,22 el 101, 245 I].liiB-‘:lEi‘J 0.0
214004 rel, e, zxd rel, trd, 35 0.831E553 a.a
2140085 :r: 1, &3, 22 red, t:1, =5 0.6M458318 g.0|=
214006 i1, &2, z:2 ride i 2ol 1. 3403664 0.0
214007 i1, B3, 2:2 r:l, b2, 223 0.6318853 0.0
214005 :r:j,tza, z:2 re1, 133, 125 0.3159475 0.0/
214009 [r:1, 23, 2:2 2, 12, 25 1-34091554! 0.0/
214010 r:1, 23, 222 r:2, 113, 15 0.67048318 0.0
214011 i1, b4, 22 r:1, t13, ::5 0.94782301 0.0
214012 'Lr:1I b4, 2 red, t:3, 5 E.DII'HEISL 0.0] =
| & Previous | | Add || 1 Remave oK || cance |

Figure 6.64. Vessel Connection I nitialization Configuration Dialog

When a junction in the table is selected, the planar views will update to identify the cells the
junction connects. When acell on one of the planar viewsis sel ected the opposite planar view will
identify the locations of junctions made to that vessel. Multiple cells can be selected by clicking
and dragging across the planar views. Press and drag will add cells to the current selection.
Control click will add or remove the selected cell from the selection. Junctions can be manually
added to or removed from the list of junctions by selecting the add or remove button. Any newly
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added junctions will be set to the first planar locations. Junction connection locations can be
changed by selecting on one of the location values in the table and choosing the desired position
from the provided planar cell selector.

| £ Vessel Connection Properties

Connection Direclion: Axaal
Sounos Vesse| 26

aa
Jia

Map

Target Vessel 204

o

| & belect Vesszel Node

Vessel 26 (5265 3-d wessel)

Junclion Sowrce Location
214007 r1, 3,22 |
214008 rl, &3, 22 |
214009 rii 23, z:2
214010 rl, &3, z:2
214011 r:l, k4, 7:2
219012 rl, e, 22 |
214013 2, 1, 7:2

rnd, o, 22
rd, b, 22

214016 rid, B3, 22
219017 r:2, &3, :2
214018 ri2, &g, 7:2
| &€ Previous || mdd || ¥ Remove | ok || cancel

Figure 6.65. Vessel Planar Location Selector

A special mapping capability is provided to assist assigning internal junctions at the intersecting
areas for vessels which share the same geometry. Selecting on alocation(s) on one of the planar
viewswill enable amapping button. Thisbutton will display aplanar mapping dialog. The planar
mapping dialog provides a list of each of the locations on the opposite vessel which intersect
at the selected vessel planar location(s). Any of the junctions which are already specified will
be identified in the included column with a check mark. Checking valuesin the include column
togglewhether or not thejunction will beincludedinthe mainjunctionlist. The selected junctions
are added or removed from the main list with calculated flow areas once the mapping dialog is

closed.
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i N
| £| Define Mapping |£|
Mapping from vessel 26 to vessel 204
Source Location Target Location Indude
R:1, T:3 R:l, T:2
R:l, T:3 R:l, T:3 [l
R:1,T:3 R:2, T:2 [E]
R:1, T:3 R:2, T:3 [l
R:l, T:3 R:3, T:2
R:1,T:3 R:3, T:3
R:2,T:1 R:3, T:1
R:2,T:2 R:3, T:1 [l
R:2,T:2 R:3, T:2 [E]
R:2,T:3 R:3, T:2 [l
R:2,T:3 R:3, T:3
R:2, T:4 R:3, T:3
ol oK | | Include All | | Cancel |
b "

Figure 6.66. Vessel Mapping Planar Location Dialog

The junction initialization configuration table allows specification of some junction properties.
Flow areas and loss coefficients are provided for each of the junctions. These values can be
edited much like any other real value in the TRACE plug-in. K-factors or friction factors will
be provided depending on the model IKFAC option. A reverse loss column will be provided
when reverse | oss coefficients are needed. Pressing the OK button on the dialog will add the new
Vessel Junction Component to the model.

6.16.2. Editing

Propertiesfor thevessd junction component can be specified through the vessel junction property
editor. The property view for the vessel junction component includesfieldsfor name, description,
number, and edge data. The vessel junction component number should be a number unique to
the existing hydraulic component numbers. The Connection Edge Data property provides the
vessel junction property editor. This dialog allows a user to edit each of the individual junction
properties for geometry, friction, and initial conditions. The layout of the dialog is very similar
to the vessdl initialization configuration dialog. Refer to the previous section for information on
adding, removing, and mapping junctions. An edit mode combo box is provided at the bottom of
the dialog. This includes options for editing the different property types. When a property type
is selected, the table will refresh to include the properties which are associated with that type.
Table cell editors are provided for editing each of the individual property values. Pressing the
OK button will set the specified values on the vessel junction component and close the dial og.
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|_£-\.J Veszel Connechion Intialization “
Cornection Direction: Axial
ISl:vurn: Vessel 26 B vep | Terget Vessel 204 BB M=p
- : L 19 .
g i 5
i &
P ‘\, _
;lr : h‘ - ".rf'.l I"\.‘
____1____:__|__:._:__ 3 | }_l_].__z___
% i ] LI ]
% i ¥’ M
~ _— I_._ '..' lll,
I #
3 I 4 £
i 3
Junction Source Lacation Target Lacation Fric, Comelatian #dd, Loss
214001 i, i, 222 i1, b1, 2:5 [1] Fhawe Factor +F... 0.0 «
215002 i, i, 222 i, b1, 2:5 [1] Fhawe Factor +F... 0.0 3
214003 i, 2, 222 i, b, 2:5 [1] Fhawe Factor +F... 0.0
213004 il 1, 122 Fil, i, 15 [1] Flaw Factor +F... 0.0| g
212005 el b2, 222 r:1 b1, 25 [1] Fhawe Factor +F... 0.0
212006 i P e S " e [1] Fhawe Factor +F... 0.0
2142007 a1, 13, 222 rad, b2, 25 [1] Fhawe Factor +F... 0.0
212008 i P W S rad, 123, 25 [1] Fhawe Factor +F... 0.0
21009 a1, b3, 222 r:1 b2 25 [1] Fhawe Factor +F... 0.0
214010 A T T o2 13 5 [1 Flaws Faclor =F... 0.0
214011 o1, b, 322 e L T [1 Flaw Fackor = F... I:I.I:IL
!Prma‘ﬂ&’. Friction [ Add ' l il Remave oK. Cancel

Figure 6.67. Vessel Junction Property Editor

6.16.3. Drawn Representation

A 2D drawn representation is provided for vessel junction components. It includes two
connection points for connecting to a source and target vessel. The connection tool can be
used to create connections from the drawn vessel junction to the target vessels. If one of the
connections to a vessel is deleted or disconnected, the locations for the internal junctions on
the disconnected side are cleared. If the vessal junction component is reconnected to a different
vessel, the locations will need to be respecified to the proper planar locations.
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Figure 6.68. Drawn Vessel Junction Component

A location specification dialog is provided when the vessel junction connections are made using
the connect tool. This dialog allows the specification of the axial location and face to connect to
on the selected vessel. A connection point will be placed at the desired location when the vessels
are drawn in the nodalized format.
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184
®
#
S
_
| £ Select Connection Location ﬁ
‘ Vessel 1834 (51845 3-d vessel)
& Axial Level: | 55 , Face: :Inlet "r:
| ok || Cancel |

Figure 6.69. Vessel Connection Location Dialog
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Chapter 7. 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, and trips. The signal variables serve as inputs from 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.

7.1. Signal Variables

7.1.1.

7.1.2.

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
such as the pressure in a cell of a pipe. The signa variables are further divided by the source
of the property.

Note A TIME genera signal variableis created automatically for all new TRACE models.

Signal variables have a common property called the Parameter Type or ISVN. This is the
enumeration that defines what type of signal is to be returned. The remaining signal variable
properties are enabled or disabled based on the selected type.

The Behavior Mode property defines how the value should be obtained from the selected
input. Table 7.1, “Signal Variable Behavior Modes’ lists the available behaviors. This property
is encoded in the sign or value of the ISVN, ICN1 and ICN2. The encoding is provided
automatically when the behavior is selected.

Encoding Description
ISVN>0,ICN1>0, ICN2=0 |Theexact value at the specified location.
ISVN <0,ICN1>0,ICN2=0 |Thetime difference of the value at the specified location.

ISYN<OQ,ICN1>0,ICN2>0 |The difference between the values at the specified
locations.

ISYN >0,ICN1<0,ICN2<0 |Theminimum of the values at the specified locations.
ISYN >0,ICN1>0,ICN2>0 |Themaximum of the values at the specified locations.

ISYN>0,ICN1>0,ICN2<0 |The volume average of the values at the specified
locations.

Table 7.1. Signal Variable Behavior Modes

General Signal Variables
General signa variables obtain a value from the global properties of the simulation. These

variables have no Sgnal reference. Most general signa variable alow only the Exact Value
Behavior Mode.

Component Signal Variable

Component signal variables obtain a specific value from a component, such as vave stem
position, pump hydraulic torque or heat structure power reactivity. These signal variablesrequire
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7.1.3.

7.1.4.

a component reference but have no specific location. Since they have no ICN1 or ICN2 values
they typically only allow the Exact or Time Difference behavior modes. The properties of a
Component signal variable are displayed below in Figure 7.1, “ Component Signal Variable”.

£+ Pump Rotational Speed 5

¢ General Optional [ | Disabled
(Component Mame |unnamed | ‘?
Bignal-variable 10 (|5 |§
Ciescription <none: E~ ?
Cornments <none: Er| 7
Farameter Tyoe |[41] Pump Rotational Speed |v ?
Eignal Pump 4 (34% bkn-loop pump) 5|7
Behavior Modle |Exa|:t Value |v ?

Figure 7.1. Component Signal Variable

Volume Signal Variable

Volume signal variables are used to obtain a value from either a single cell or a range of cells
inside a hydraulic component. These signal variables require a hydraulic component reference
and one or two locations. The dialog for selecting the cellsin ahydraulic component is displayed

below in Figure 7.2, “Volume Selection Dialog”. Pressing the & button will open component
selection dialog for all hydraulic componentsin the model that contain hydraulic cells. The editor
will automatically determinewhether one or two locationsare required and will limit the selection
to the number cells in the component.

X8R Signal Variable
Signal Source

Hydraulic Tee 15 ($15% int-loop c—leg & hpis/lpis)

First Location

cel [ 3} or4
Second Location
Cell IE of 4
‘ Ok H Cancel |

Figure 7.2. Volume Selection Dialog

Edge Signal Variables

Edge signal variables provide access to the information across the edges inside a hydraulic
component. Much like the Volume signal variables, the user must select a hydraulic component.
Instead of specifying a volume the user must select an edge inside the component. The dialog
for selecting the hydraulic component and edges is displayed below in Figure 7.3, “Edge

Selection Dialog”. Pressing the %™ button opens the component selection dialog for al hydraulic
componentsin the model that contain edges. The editor will automatically determinewhether one
or two locations are required and will limit the selection to the number edges in the component.
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Heat Signal Variables

7.1.5.

7.1.6.

000 Signal Variable

Signal Source
Hydraulic  Pipe 12 ($12% int-loop purmp-suct pipe)

First Location

Edge | 1] ofs6
Edge | 6] of6

Second Location

Figure 7.3. Edge Selection Dialog

Heat Signal Variables

Heat signal variables provide accessto heat structure values. These values may be on individual
rods, surfaces, or nodes inside the heat structure. The editing dialog displayed below in
Figure 7.4, “Heat Selection Dialog”, provides means for selecting a heatstructure and the
locations on that heatstructure. Any hydraulic component that may have a built-in pipewall may
be selected as a source for a heat signal variable. This includes pipes, tees, etc. The selection
spinners allow the user to select aradial location, rod, and axial level.

22 a) Heatstructure Signal

Signal Source

First Location

Heatstructure Rod 140 ($140% reactor-core fuel rods)

Second Location

Radial |_ 8[| Rod | 4/ Axial [ 1}

Radial | 8] Rod | 4 adal| 4

Figure 7.4. Heat Selection Dialog

Control Signal Variables

Signal variables can be used to report the current value of a control block, or trip component
through the Control signal. The properties of a control signal variable are displayed below in

Figure 7.5, “Control Signal Variable Properties’.

#=r Control Elock Output 57

¢ General Optional [ | Disabled
(Cormpaonent ame |unnamed | ’?
Fignal-varianle I |57 2
Cescription <none: EA|7
Comments <none: EA| R
Farameter Type |[2] Control Elock Output |' ’?
Fignal Sum -7 s 7
Behavior Mode |Exact\-’alue |v 7

Figure 7.5. Control Signal Variable Properties
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Power Signal Variables

7.1.7.

Power Signal Variables

Power signal variables are used to obtain power related values from either a heat structure or
a Power component. These signal variables alow either the exact or time difference behaviour
modes.

7.2. Control Blocks

7.2.1.

A control block is a contral system component that manipulates input data. Control blocks take
input from signal variables and 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.

The properties of a simple control block are displayed below in Figure 7.6, “Control Block
Properties’. The output unitsfor acontrol block are specified through the units for the maximum
and minimum values. Constants One and Two are used when needed to provide additional input
for the control data. In general Constant Two serves asthe initial value for the block.

. Exponential -1

% General [ ] Ooptional [_| Disabled
Cormpanent Mame |unnamed | ?
Control Block 1D [ -1 2]
T e |[ﬁl]] Exponential |v| 7
Cescription <none: ?
Comrments <none: 7
Sain | 10| ¢ | B
b inirmum | -1L.0E20| ) |
b axirnum | LoEzo| ) ||
Constant 1 | 0.0 <) |?
Constant 2 | 00l |7

Figure 7.6. Control Block Properties
The control blocks are broken down into different sections depending on the operation of the

control block. The tables below display the different ICBN values specified for each type of
control block.

Arithmetic Blocks

Arithmetic control blocks handle basic mathmatical functions. These blocks also handle
functions with one, two or three independent variables.
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Calculus Blocks

Type (ICBN) Description
9 A constant value.
14 Divides thefirst input by the second.
44 Performs a positive difference on the two input values.
47 Calculates arandom number.
52 Determines the sgquare root of the selected input.
54 Subtracts the second input from the first.
60 Raises thefirst input to a power.
102 A function of 1, 2 or 3 independent variables.
103 Adds any number of inputs together.
104 Multiplies any number of inputs together.

Table 7.2. Arithmetic Block Types

7.2.2. Calculus Blocks

Calculus control blocks handle more advance mathmatical functions.

Type (ICBN) Description
12 Calculates the derivative.
13 A limited double integrator.
17 Exponentiate the input.
23 A simple integration.
24 Integrate with Mode Control.
31 Limited Integrator
32 The Natural Log of the inpuit.

Table 7.3. Calculus Block Types

7.2.3. Controller Blocks

Controller blocks contain control blocks that are typically used to control specific properties.

Type (ICBN) Description
-9 Interactive Variable
22 Input switch
51 Second Order Transfer
200 PI Controller.
201 PID Controller.
202 Level Controller
203 Flow Controller
204 Pressure Controller

Table 7.4. Controller Block Types
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Logical Control Blocks

7.2.4. Logical Control Blocks

Logical blocks represent simple logical comparisions.

Type (ICBN) Description
5 Logical AND
15 Logical Exclusive Or
16 Logical Equivalence
18 Logical Flip-Flop
19 Gate
20 Greater Than or Equal To
21 Greater Than
25 Logical Incluisive Or
28 Logical Counter
33 Less Than or Equal To
34 Less Than
40 Logical Not And
41 Logical Not Equal
42 Logical Not Or
43 Logical Not or Negation

Table 7.5. Logic Block Types

7.2.5. Manipulation Blocks

Manipulation blocks are used for manipulating numerical values.
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Time Blocks

Type (ICBN) Description
1 Absolute Value
4 Intergerizer
11 Dead Band, Zone, Space
29 Logical Input Switch
35 Maximum Value
36 Maximum During Transient
37 Minimum Value
38 Minimum During Transient
45 Quantizer
48 Sign Function
50 Sign Inversion
58 Variable Limiter
63 Trip Time
64 Minimum of Multiple Inputs
65 Maximum of Multiple Inputs
76 Pass Through

Table 7.6. Manipulation Block Types

7.2.6. Time Blocks

Time control blocksinclude all the control blocks that have to do with calculation time.

Type (ICBN) Description
26 Lag
27 Logical Delay
30 Lead-Lag
46 Ramp
53 Step
61 0 Order Hold
62 Trip
77 Time of Change
100 Time Delay

Table 7.7. Time Block Types

7.2.7. Trigonometry Blocks

Trigonometry blocks perform trigonometric functions on their inputs.
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Non-Standard Control Blocks

Type (ICBN) Description
2 Arcosine
6 Arcsine
7 Arctangent
8 Arctangent 2
10 Cosine
49 Sine
55 Tangent

Table 7.8. Trigonometry Block Types

7.2.8. Non-Standard Control Blocks

In general, thereis a one-to-one ratio between control block typesin SNAP, and TRACE control
block numbers (ICBN). There are three exceptions however. TRACE provides multiple control
block types for the Sum (5 types), Multiply (2 types) and Function (2 types) operations. These
TRACE control block type numbers represented in the TRACE plug-in as a single set of Sum,
Multiply and Function blocks. Thefollowing sectionsdetail the specific differencesfor each type.

Sum Block

There arefive different types of Sum blocks allowed by TRACE: Simple Sum (3), Constant Sum
(56), Sum of Three (57), Weighted Sum (59), and Multiple Summer (103). Instead of providing
these choicesto the user, SNAP provides one Sum block, and then determineswhich type of Sum
block isappropriate on export. For exampleif a Sum block has threeinput connections each with
aweight of 1.0 such as the sample above, the export will report a Sum of Three (57). However
if the user then enters aweight other than 1.0 for one of the input connections, the ASCII output
would automatically convert the sum to a Multiple Summer (103).

Multiply Block

Similar to the Sum block, the Multiply block has a Multiple Multiply option (104) in addition
to the Simple Multiplier (39). The TRACE plug-in only has one Multiply arithmetic block, but
will export a Simple Multiplier (39) if the block hastwo or lessinput connections. Otherwise the
block will be exported as a Multiple Multiplier (104).

Function Block

Function blocks lump together TRACE Function of One variable (101) and Function of Two or
Three Variables (102). The difference between these two functionsis the number of independent
variables. When creating a new function block, the input connections must be created before the
table data may be entered. Adding and removing connections after the table has been created
will insert or remove the appropriate dependent variable value locations.

7.3. Trips

Trips are specia control blocks that are used to indicate when an input value reaches a certain
level or meets a specific criteria. Each trip is defined by single input signal, and logic that
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Trip Input Source

7.3.1.

7.3.2.

7.3.3.

determines what range of values correspond to "ON" from the signal source. The logic for
determining the trips value is based on one or more Set Points, defined inside the Setpoint Data
property. Each setpoint can have a setpoint factor table defined for it.

Trip Input Source

The Trip input source defines the control system component that supplies the input for the trip.
Thiscan beacontrol block, signal variable, trip controller, or trip signal expression as defined by
the signal type. The input source can be defined through the property view Input Source editor,
or by using the connect tool inside a 2D view.

Trip Signhal Type

Trips are limited to specific input types. Once an input source has been defined, the Sgnal Type
can only be changed if the new type supports the current input source. This means that atype 1
trip could be changed to a type 4 trip, but not to atype 2 trip. The signal types are listed below
inTable 7.9, “Trip Signal Types’.

Value Description

Signal Variable, or Control Block

2 Trip Signal Expression
3 Trip Signal Controller
4 Simple Trip: Signal Variables or Control

Blocks

Table 7.9. Trip Signal Types

Trip Setpoint Data

The setpoint datainside the Trip component is defined through the Setpoint Datadial og displayed
below in Figure, “Trip Setpoint Data’. The number of rows in this dialog is controlled by the
drop-down list in the middle of the dialog. This list displays the singal range type (isrt) values
available for the trip component. This dialog is where the setpoint values, units, delay time and
setpoint factor tables are all defined for a Trip.

[ [ -
ONrorvard )= e OFF g e ONjyana

SETP; « SETP;  SETPy < SETP,
arrows denote trip signal
When ON gy (Jeft), trip is set to OFF when
When OFE trip is set to ONp,pyyq When the tr
When ONpy g (right], the bip is set to OFF when <
[51 ON(For) | | OFF | | ON(For) |~|
Setpoint Setpoint Setpaint Delay Setpoint
Number Value Units (s) Factor Table
1 -10.0 - 0.0 none
2 5.0 E 0.0
3 5.0 E 0.0
E] 10.0 g 0.0 none

Close

Figure. Trip Setpoint Data
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Trip Signal Expressions

7.3.4. Trip Signal Expressions

Tripsignal expressions provide ashortcut for providing input for the Trip. Trip signal expressions
behave as control components. The expression is made up of smaller sub-expressions and up to
5 constants. The properties of a signal expression are shown below in Figure 7.8, “ Trip Signal

Expression Properties’.

O O O Signal Expression 1 - Properties View

¢ CrSignal Expression 1
¢ &= Expressions [1]
& Expression 1

¢ General Optional [ | Disabled
Companent Mame |unnamed | @
Signal ID Number  ||1 |§
Description <none: 7
Cornments <none:- E~ ?
Humber of Constants |Twu Constants |v ‘?
Constant One | 40| m? |7
Constant Two | 5.0 ko |7

Figure 7.8. Trip Signal Expression Properties

The sub-expressions perform a simple arithmetic operation on two input variables. The input
variables may be signal variables, control blocks, trips, constants or previously defined sub-
expressions in the same signal expression. Sub-expressions can be found by expanding the
expression in the navigator. The Sub expressions may be added or removed through the right-
click pop-up menu shown below in Figure 7.9, “Trip Signal Expression Pop-up Menu”.

¢ O Signal Expressions [1]
¢ O Signal Expression 1
¢ 8= Expressi

o Expri

& Trip Controller

£ Control Blocks [5]
o Signal Variables [9
Thermal Components

MNew:

Figure 7.9. Trip Signal Expression Pop-up Menu

7.4. Control System Display Annotations

Control Systemsadded to aview may optionally display several annotations describing important
properties. This behavior is toggled through the Display Annotations check box in the display
element's right-click pop-up. The default value for new display components may be toggled in
the TRACE plug-in preferences (see Section 3.1, “TRACE Plug-in Preferences’).

bmftrpd

l -138
% qoch [P

min=0.0
max=10.0

Figure 7.10. Display Annotations
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Chapter 8. Thermal Components

Heat structures, custom user materials, and radiation enclosures are organized into the Thermal
Components portion of TRACE. The Thermal category inside the navigator for a sample model
isdisplayedin Figure 8.1, “Therma Components’. Heat structures provide thermal sources and
sinks, and can be used to represent pipe-walls, reactor shrouds, fuel rods, etc. The user materials
in TRACE alow the user to define custom thermal properties for heat transfer. Radiation
enclosures model the rod-to-rod radiation of heat inside fuel channels.

¢ % Thermal [48]
o= & Heat Structures [48]
I User Defined Materials [0]
& Fadiation Enclosures [(]

Figure 8.1. Thermal Components

8.1. Heat Structures

8.1.1.

Heat structures represent rigid structures that can absorb, transfer, or radiate heat within the
system. In TRACE, these heat structures are modeled with either a cylindrical, rectangular
or spherical geometry. They can be used to represent pipe-walls, support structures, vessel
containment, or fuel rods.

A heat structure consists of

» radia datathat remains constant along the axial length of the structure
» axial datato indicate surface areafor heat transfer

* inner and outer radial boundary conditions

* thefuel information, when modeling fuel rods

Creating a Heatstructure

New heat structures may be created in three different ways. Heat structures may be created
through the navigator in a similar fashion to other components. Simply right-click on the Rod
Heat Structures or Sab Heat Structures nodes in the navigator and select the New option. Heat
structures may also be inserted into a 2D view using the insert tool. When a new heat structure
is created in either of these ways the dialog shown in Figure 8.2, “Heat Structure Completion
Dialog” will be displayed. This dialog allows the user to initialize the heat structure's geometry
prior to being added to the model.
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Connecting A Heat Structure

a6ee Initialize Heatstructure
Length | 3.048 m
Thickness | 3.04E-5 m
Inner Radius | 0.0508 m
Temperature | 0.0 K
Material Material & (Gtainless 204
Axial Cells 45 / Radial Nodes 55
| Ok || Cancel |
P

Figure 8.2. Heat Structure Completion Dialog

Rod or dab heat structures may aso be created from the right-click pop-up menu of a 1D
hydraulic component. This is a shortcut for producing pipe-wall heat structures. Figure 8.3,
“Pipe-wall Heat Structure Completion Dialog” below displays the completion dialog for a new
heat structure. The axial geometry for the heat structure nodes is derived from the connected
pipe cells.

e 6 Initialize Heatstructure

Hydraulic Component  Pipe 11 ($11% int-loop st-gen primand

Heat structure options

Geometry |Cy|indri|:al |V|
Plane Along Z -
Surface Inner -
Thickness | 3.04E-5 m
|

Temperature | IT00 K
Material Material & {Stainless 304)
Radial Nodes | s

Hydraulic Options

Starting at Cell 15 of 3
Ending at Cell 35 of 3

Figure 8.3. Pipe-wall Heat Structure Completion Dialog

8.1.2. Connecting A Heat Structure

Heatstructures are connected to hydraulic components at their surfaces. Once a heatstructure has
been created, it can be connected to hydraulic components in three ways. First, the right-click
pop-up menu for the heatstructure containsa Attach To Hydr o option. Second, each surface can
be modified individually through the Axial Nodes/ Surface BCs heatstructure property. Finally,
the connect tool can be used to connect a heatstructure to a hydraulic component inside a 2D
View.

Connecting a heatstructure using the Attach to Hydro option or the connect tool will open
the Connect to Hydraulic Component dialog shown in Figure 8.4, “Heat Structure Attach To
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Radial Geometry

Hydraulic Dialog”. This dialog allows the user to specify the hydraulic component connections
to the heat structure. Checking the Renodalize option will adjust the axial nodalization of the
heatstructure to match the selected components. Any existing connections will be preserved.

o066 Connect To Hydraulic Component

Hydraulic Component Wessel 26 (5265 3-d wessel)
Heat structure options
Plane Along Z |«
Surface Outer -

Starting Heat Cell 1H‘ of 7

Renodalize |

Hydraulic Options

Start Cel: X| 2— Y| 1— Z

End Cell: X| 2— Y| 1— Z

H
|.
%4

A

Figure 8.4. Heat Structure Attach To Hydraulic Dialog

Selecting the Axial Nodes/ Surface BCs property opens the Surfaces dialog shownin Figure 8.5,
“Surfaces Dialog”. The combo-box at the top of this dialog can be used to select the averagerod
to edit. The selected rod's cells will be displayed in the table at the top of the dialog. Selecting
cellsinthefirst column of thetablewill display their propertiesin the bottom of the dialog. These

propertiesinclude Axial L ength,

FineMesh Count, Elevation, and Cell Orientation. Selecting

cellsin the second or third column of the table will display the connections for those cells.

) O O Surfaces - Heat Structure 140 ($140$ reactor-core fuel rods)

Axial Inner surface Quter Surface
Cell Boundary Conditions Boundarny Canditions

1 [00] Flux: 0.0 [2] Wessel, 26 Cell: [1][1][2]

2 [0] Flux: 0.0 [2] Wessel: 26 Cell: [1][1](¢]

3 [0] Flux: 0.0 [2] Wessel 26 Cell: [1][1][%]

[ g || gemove |
¢ General [] optional [ | Disabled
Boundary Condition |[2] Hydro Component |v| ‘?
Hydiraulic Cell vessel 26 Cell [1, 1, 4] 7

| Ok H Cancel

Figure 8.5. Surfaces Dialog

8.1.3. Radial Geometry

A heat structure's radial geometry is used to determine heat conduction between the inside and
outside surfaces. Theradial geometry may be modified in the Meshpoint dialog shown below in
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Radial Geometry

Figure 8.6, “Heat Structure Radial Geometry Dialog”. There are three options for defining the
radial mesh of heat structures: Standard Mesh, Finite Element, and Lumped Parameter. Both the
standard mesh and finite element modes organi ze the thickness by regions of common material.
Each region has athickness and is further devided into sets of material intervals. The node points
between material intervals are temperature nodes inside the heat structure. The finite-element
conduction model defines a temperature node in the center of any non-gap material interval.
Using the Lumped Parameter definesthe heat structure with asingle temperature node. Only one
material region is allowed for lumped parameters.

Q) Define Radial Geormetry |
Mg Ol
@ andud M Frily Serrunt Lumapueed Puae v o
Matirial Risgrrs A ]
Material | GonerRadusind | OuberRedus(m) | Thdoessim) |  Colodation | MedeCont | Startbiode m)
Materisl 1 (Mored Crode] 0.1 26425 4 4H27E-5 Outzide Mode Geom |8
Material 3 (Gap Gases) 4.E4ZTE-3, 4 T4IE-3 5,556~ 5 Marual 7
Material 2 (Zrcakyy) 4 P2E-3 EIEE-Z & 1775 -4 Manial
Radal Intenals
Intarvsl Inner Outer Halatnve Relatre \
Ty == Rk () Reackiss (7l Tnside {1 Dutside [ Tricknicss
1 Haterial 1 [Mored Coode] I 0.0 2471073 0.5 0. 3631152 ZATGI0TE-]
2 Material 1 (Moed Coode) _ EATROTEA 3.7158E-3 0. 020115 0, 63501738 L E3059E-3
3 Saterial 1 (Moed Coode] 3. 7141683 4+ 3337E-5 0.65301754 0, 50552085 | & 150267 4]
4 Material 1 [Mooed Coode) 4333873 454073 0.5085HEE 0.85637234) RG34
5 Material 3 [Gap Gases) 46437 3| 4T3 0.26527234 0.6343735| S.5ES
5 Haterial 2 (Troakey) +.HzE 3| S0HEE-3 0.28433735 054241593 308EEH
7 Material 2 (Zrcaloy) 5.0508E-3| 5.359E-3 0.54241893 Lof e
e | oK Cancel

Figure 8.6. Heat Structure Radial Geometry Dialog

The top table in this dialog displays the materia regions. Each region is displayed with an
inside and outside radius, and a thickness value. Setting the inside radius of the first material
region defines the inner radius of the heat structure. Every other row in the material region
tableishighlighted to ease readability. The Cal cul ation column defines options for automatically
calculating a material regions internal mesh intervals. The mesh intervals can be calculated as
equally spaced, or ageometric series.

The geometric series calculation of the radial mesh defines the intervals in such a way that
each interval is twice the thickness of the preceeding interval. The number of nodes inside the
geometric series can be explicitly defined by selecting the Geometric Series By Nodes option.
The Geometric Series By Size option calculates the number of intervals by finding the geometric
series wherethe initial nodeis less than or equal to a user defined size.

The lower table in this dialog displays the different radial mesh intervals of all of the material
regions combined. The highlighted rows in this table correspond to mesh intervals for material
regions that are highlighted in the top table. This allows an easy way to identify which mesh
intervals come from which material regions. Additionally the second column in the bottom table
specifies the material for that interval.

Manually defined mesh intervals may be split into multipleintervals or joined together using the
Split and Merge buttons. Only mesh intervals inside the same material region can be merged
together. This dialog may result in a renodalization of the heat structure, further described in
Section 16.3.1, “Radial Renodalization”. Manually defined mesh intervals allow the user to
change the size and | ocation of mesh intervals by specifying the inside and outside radius, or the
inner and outer relative positions or finally by specifying the thickness of aregion.
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Built-in Materias

8.1.4.

Specifying the radius or relative position of a material region will modify the adjacent regions
to preserve the thickness of the heat structure. Changing the thickness of a mesh interval will
only modify that specific interval.

Built-in Materials

TRACE includes several commonly used material sthat have well defined behavioursover alarge
range of temperatures. These are listed below, along with their corresponding material numbers
in Table 8.1, “Built-in Materials”.

Material Number Name
1 Mixed Oxide
2 Zircaloy
3 Gap Gases
4 Boron-Nitride
5 Constantan/Nichrome
6 Stainless 304
7 Stainless 316
8 Stainless 347
9 Carbon A508
10 Inconel 718
11 Zircaloy Dioxide
12 Inconel 600

Table 8.1. Built-in Materials

8.2. User-Defined Materials

User Defined Materials may be used to specify amaterial that differsfrom the built-in materials.
User defined materials have four properties that must be defined over a range of temperature:
Density, Specific Heat, Thermal Conductivity and Emissivity. These properties may either be
defined in atable, or asafunctiona fit table. Any property defined using the functional fit tables
is not included in the primary material table. User defined materials may be used as the radial
material for any hydraulic component's pipe-wall or for radial regions within a heatstructure.

8.3. Radiation Enclosures

Radi ation between heat structuresis handled by implementing a Radi ation Enclosure component.
The enclosure component consists of alist of heat structures, organized by parallel axial levels,
and tables defining the view factor and beam lengths between heat structure cells. This data is
very similar to the enclosure data embedded inside Chan components.
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Chapter 9. Power Components

There are two types of components that insert power into the model. The Power component
handles the kinetics and neutronics calculations for a modeling the reactor. Fluid power
components are used to inject power directly into the fluid of hydraulic components.

9.1. Power

9.1.1.

All of the kinetics and neutronics information inside a TRACE model is handled by the Power
component. Thiscomponent allowsthe user to support reactor feedback to multiple hydraulic and
heat componentsin one location. A TRACE model may have more than one power component
that operate independently to provide power for the system.

Power Properties

When defining a power component inside a TRACE model, the IPWTY flag indicates the type
of power being defined. The values for this flag are listed below in Table 9.1, “ Power Types”'.

Power Type Value Name

1 Constant REACT Pogrammed
Reactivity

2 Table Lookup of Programmed
Reactivity

3 Initial Zero  Programmed
Reactivity

4 Initial constant RECT

programmed Reactivity

Constant Reactor Core Power

Table look-up of Reactor Core
Power

7 Trip-Initiated Table lookup of

Reactor Core Power

Table 9.1. Power Types

Independent of type, the power is inserted either into heat structure nodes, or the fuel rods
of a CHAN component. The selection is based off the Target Component Type property.
Selecting which components are powered is done through the Powered Components property.
The dialog that opens when selecting powered components is shown below in Figure 9.1,
“Powered Components Dialog” . Thisdialog allows the user to specify the fraction of power that
goes to each component. The axial power shape described in determines how the power will be
destributed in the powered components.
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Power Shape

O O O Powered Components - Power 174 (Power Comp for old ht str 140)
Unpowered Fadial Modes | Axial Levels
Companent [NODES] [MZHTSTE]
Heat Structure 126 ($126% bkn-loop st-gen tubes)
Heat Structure 127 (3127% bkn-loop st-gen tubes)
Heat structure 128 (51285 int-loop st-gen tukbies)
Heat Structure 129 (512595 int-loop st-gen tukbes)
Heat Structure 130 ($1320% wessel slabs (R1,L1N
Heat Structure 121 (512 1% wessel slabs (R2,L1n

Unpowered Components
Powered Components

L] »

1]

FIIEIECE
[y ey P TN T T

Fowered Axial Lewvels | Power Fraction
Compaonent [MZHTETR] [CPOWR]
Heat tructure 140 ($140% reactor-core fuel rods) B 1.0
Heat structure 171 (5 140% reactor-core fuel rods) H 1.0
Heat Structure 172 ($140% reactor-core fuel rods) 3 1.0
Heat Structure 173 (5 140% reactor-core fuel rods) 3 1.0

Normalize
4

Figure 9.1. Powered Components Dialog

9.1.2. Power Shape

The Power Shape is atable of ratios used to distribute the total power to regions within a heat
structure. Figure 9.2, “Power Shape Data’ below displays the Power Shape properties of afuel
rod heat structure. Theradial power shape can either be entered as a constant shape if the Power
Shape optionisset to 0 (1-D axial table) or as part of the Power Shape Table if the Power Shape
optionisset to 1 (2-D axial-r or axial-x table).

¢ Power Shape

Power Shape [0] 1-D axial table @efauly |~ |7
Fower Shape Dependence ‘[I]] Defined by IZPWZ (default) |v| ‘?
laxial Integration Qption ‘[I]] Histogram, S5tep Betwn Locs |v| ?
Use User Defined Shapes (0] None |~ |7
loial Initial Shape Value | 0.0 (-7
waial OFf Shape Walue | 0.0 (- ?
laxial Max Change Rate | 0.0 (1/51| %
laxial shape Location Saurce ‘Lucs. Defined Heat Structure |v| ?
lxial Shape Locations Rows: 3 [1.2141],[2.4283],[3.6... 2
Fadial Power Shape Rows: § [I].I],1.21I]EI],[2.I]E—3,1.... ?
Fower Shape Table 1 shape of with 5x1 values ?
l&xial Power Rate Factor Rows: O[] ?

Figure 9.2. Power Shape Data

The User Defined Shapes option allows constant radial or axia shape arrays to be specified
for the feedback portion of the power calculation. The Axial Shape Location Source and Radial
Shape Location Source options define whether the power shape should reflect the connected
components, or if they should be based on a user defined table.
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The Power Shape Table dialog shown below in Figure 9.3, “Power Shape Table Dialog”, allows
the user to modify the power shape table for specific entries of an input variable. This table
containsarow for each axia level in the heat structure. If the 2-D axial-r or axial-x table option
is specified the table will include a column for each radial node. The left-most column displays
the inside of the heat structure, and the right-most column corresponds to the outside of the heat
structure.

2N RA]

Abscissa Global Eigen Yalue(1D/2D Kinetics) Form [1ZPwSV Parameter | v |

Trip <nonez
Displayed Power Shape 25 {2 existing shapes )
‘ Add Shape ‘ | Remove Shape
Power Shape #2
Abscissa-Coordinate Value | >00.0
Fadial 1 2 3 4
Axial Locationdm) 0.0 2 DE-3 3 0E-3 4 0E-3
1 0.0 064285 064285 064285 064285
2 12141 12221 12321 12221 123221
3 2. 4283 1.1786 11786 1.1786 11786
4 3.6424 053571 053571 053571 053571
4] li | [»
| oK H Cancel |

Figure 9.3. Power Shape Table Dialog

If the 2-D axial-r or axial-x table option is specified the table will include a column for each
radial node. The left-most column displays the inside of the heat structure, and the right-most
column the outside of the heat structure.

Any number of shapes may be input. Each shape correspondsto avalue for the sel ected Abscissa
variable. Shapes can be added with the Add Shape button or removed with the Remove Shape
button. The Displayed Power Shape spinner can be used to select the currently displayed shape.

9.2. Fluid Power

The Fluid Power components are used to inject heat directly into the fluid portion of hydraulic
components. The power is either based on atable, or a constant value, and is distributed across
volumes. Figure 9.4, “Fluid Power Properties’ below displays the general properties of a fluid
power component.
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A Fluid Power 124 ¢124% Target Pwr.)

¢ General [ ] optional [ ]| Disabled
Compaonent Mame |$ 124% Target Pwr. | 7
Camponent Mumber |124 |§
Cescription <none:x ?
Comrments <none: E~ ?
In-beam Option [6] Table Lookup - ‘?
Ciecay Option [5] Constant Power - ‘?
In-Bearn Table Rows: 7 [0.0,0.0),[1000.0,5.0E6],[3600.... E~ || F
Initial In-Bearn [ 0.0 (P
Initial Decay [ 0.0 (7|
In-beam Cell Fractions |Powered Components [4] ‘?
Ciecay Cells Powered Components [1] ?

Figure 9.4. Fluid Power Properties

9.2.1. Powered Components

Thedialog for selecting volumesin the model for afluid power isdisplayed below in Figure 9.5,
“Fuid Power Selected Volumes’. The top half of the dialog is a table that allows selecting
hydraulic components inside the model that have fluid volumes. Selecting a volume in the top
portion of the dialog displays the nodes inside the component that are currently powered. A
fraction must be defined for each node to determine the fraction of current power applied to the
fluid.

a6 Define Powered Component Cells
Hydraulic Components

Hywidraulic Companent
Pipe 210 ($210% core section)
Pipe 212 ($212% core section)
Pipe 212 ($213% core section
Pipe 214 ($214% core section)

‘ Add || Remove
Powered Cells
Cell Murmkber Fraction

Cell 2 of & O0R25] -
Cell 2 of & 00625
Cell 4 of & D.0B25]
Cell 5 of & O0B2S]T
‘ Add || Remove |

| 0Ok H Cancel |

A

Figure 9.5. Fluid Power Selected Volumes
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Chapter 10. Countercurrent Flow
Limitation

Countercurrent flow limitation (CCFL) models are independent shared componentsin TRACE.
They may be selected for any number of edges for 1D components or for cells in the Vessel
component. Figure 10.1, “CCFL Model Properties” below shows the properties of a CCFL

model.
Il CCFL Model 3

9 General [] optional [ ] Disabled
Companent Mame |unnamed |7
Component Mumber |3 |7
Description <hone: ?
Comments =<none: T
Bankoff Interpolation || “1.0 (1|9
Elope | 0.0 -7
Carrelation Constant || 0.0 -7
Murnkber of Holes |2 [|%
Plate Thickness | 0.0762 (m)|¥
Flow Area Ratio | 0.4869 (-)|F
Hole Diameter | 0.1693 (m)|¥
Bond Mumber Limit || 0.0 -7

Figure 10.1. CCFL Model Properties

7
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Chapter 11. Contain Components

TRACE may be coupled with the CONTAIN analysis code for doing large-scale accident
analysis. The CONTAIN component embedded inside a TRACE model serves as a connection
point for containment boundary data from either the embedded CONTAIN librariesin TRACE,
or a concurrently executing CONTAIN model. The individual portions of a CONTAIN
component are represented as sub-nodes inside the navigator. Figure 11.1, “CONTAN Sub-
Nodes’ displays the sub-nodes inside a CONTAIN component in a sample model.

% (7] Contan 903 (59035 containment)
o B Compartments [2]
E Compartrent 51
E Compartment 52
o W Heatstructures [0]
o= @ Conlers [0]
o I Passive Junctions [0]
o= 3% Farced [0]
5 .

eral

Compartrnent Mumber ||_51
Fool Lewel Tracking On
Epilling ption 0
alurme [ 178.0 mil®

Figure 11.1. CONTAN Sub-Nodes
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Chapter 12. Extern Components

TRACE dlows for distributed runs where a single model is divided into portions and run
simultaneously on separate processes or machines. The EXTERN component represents a
component that is currently defined in a different portion of the model. EXTERN components
can be refered to for hydraulic connections or for signal variables, or for boundary conditions.
The propertiesof asimpleexterior component are displayed in Figure 12.1, “ Exterior Component

Properties’.
1L Exterior 1
¢ General ["] Optional [ | Disabled
_omponent Mame |unnamed | ‘?
Component Mumber |1 |§
Ciescription <none= ?
Camments <none= ?
_omponent Tywpoe |[1] Fluid Component |V| ‘?
Dimensions [1] X or Radial Axis Only. |v |9
Cells 10 |7

Figure 12.1. Exterior Component Properties
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Chapter 13. ASCII I/O

TRACE models in the Model Editor can be exported to ASCII files. The ASCII export options
may be found on the right-click pop-up menu from the model node in the navigator as shown
below in Figure 13.1, “TRACE Export Options’ and in the Export sub-menu of the File menu.

TEACE models
¢ B *unsavad —fudlnanite
o 8= Mode
7 B Hytr
-WMp
Wc
& gy Fi
EH
¢ 3 Pi| Impont »
~ti Expornt ¥ ASCII Full

4 Toois b ASCII Restart
o
-4

P

Figure 13.1. TRACE Export Options

A TRACE "input deck" isan ASCII file containing all the data required by the TRACE analysis
code to execute a calculation. Entire TRACE models can be imported from TRACE input decks
by using the File->Import->TRACE menu item. TRACE models can be exported as TRACE
compliant input decks using the menu item found in the Export menu shown in Figure 13.1,
“TRACE Export Options’ shown above.
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Chapter 14. Retrieve Initial Conditions

When restarting a TRACE calculation, any resupplied hydraulic components should have initia
conditions that correspond those present in the calculation at the time of restart. The TRACE
plug-in has the capability to import these values from a completed job located on a Calculation
Server, or from aloca TPR file.

Note Itisadvisedthat thisisdone before beginning the restart edit. If restart editing has been
enabled, every hydraulic component, control block and heatstructure in the model will
be marked as maodified after theinitial conditions have been imported.

To import the initial conditions into a TRACE model, right-click on the model node in the
navigator and select the Retrieve Initial Conditions option as shown below in Figure 14.1,
“Retrieve Initial Conditions Pop-up Menu Item”.

¢ 5 TRACE models
? **unga i S Lo iads

o 8= Mads
7 T Hydr
oY g
W e
o @ Fi
i
¢ #3 P Import 3
= Expont kg
*t Tools p [0
o~ fl It
o §f Begin Editing Restart pr
o= {[ AN
o il Retrieve Initial Conditions  ||&
X - al
o @ YiewVessel in 3D .|
A M 1 nad Dafavanen Rdndal -l

Figure 14.1. Retrieve I nitial Conditions Pop-up Menu Item

The initial conditions dialog displayed below in Figure Retrieve Initial Conditions, “Retrieve
Initial Conditions Dialog” requires the user to either select ajob from a calculation server, or a
TPRfile. Oncethejob is selected the specific restart location must be selected from the available
list. When the dialog is closed the model will be updated to match the selected conditions.
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14.1.

Y My M Initial Conditions

Retrieve Initial Conditions From

(1 A Local TPR File
® A Submitted Run

||:altsew. Jrougs appliedprog. com: S 006 Tutorial fExercised A |

Available Restart Times

Time Step Time (5]
4] 0.0
33 5011783
42 10001759
Ok Cancel

Figure Retrieve I nitial Conditions. Retrieve I nitial Conditions Dialog

Managing Initial Conditions

In addition to being able to retrieve initia conditions, the TRACE 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 TRACE 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”.

g .
|£| Manage Initial Conditions ﬁ
Index  Mame Description
1|Initial Status e base initial conditions of typpwr

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

’ # Retrieve ] [ Store ] [ & Load ] ’ M Remove l

[ oK ][ Cancel ]

e

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 Dialog”. The dialog provides a
way to set the initial conditions by importing them from an existing run. Selecting the Store
button will store the current model initial conditions. This can be used in conjunction with the
Retrieve button to save sets of retrieved initial conditions. Once a set of conditions has been
stored, aname and label can be applied to identify those conditions. Selecting the L oad button
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will load 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 15. Model Validation Tests

The TRACE 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
Model, v/, button is pressed. The validation tests are displayed below in Figure 15.1, “Model

Validation Tests’. All validation tests include a verbosity option for controlling the amount of
detail provided by the test. Only teststhat are Enabled will be included during model validation.

000 Model Validation Tests
Validation Tests
Enabled Yalidation Tests
Elevation Check.
mMon-condensible Partial Pressure .
Junction Flow Area Test
% General || Optional [ | Disabled | %
Tolerance | 1.0E-10 (mi|F
erbosity |Nurmal |‘r| 74

Close

15.1

15.2.

Figure 15.1. Model Validation Tests

. Loop Check

Thistest verifies the specified position of componentsinside the model. Also known asthe Loop
Checker, thisverifiesthat all hydraulic component elevation datais consistent between connected
components. If grav terms are defined, then the loops will be checked to ensure that they have
consistent lengths and grav terms to prevent gravity pumping. The Tolerance setting alows the
user to define the maximum allowed distance between cell edges.

Non-Condensible Partial Pressure Test

This validation test provides an error message when any hydraulic volume inside the model
contains non-condensables that when the NC Pressure Calc (NOAIR) namelist variableis On (
0). When the NOAIR namelist variable is set to Off ( 1), the model is required to contain no
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Junction Flow Area Test

15.3.

15.4.

15.5.

15.6.

15.7.

15.8.

non-condensables. This test runs through all of the hydraulic volumes in the model and reports
which components need to be modified.

Junction Flow Area Test

The junction flow area test ensures that adjacent hydraulic volumes have consistent geometry.
Each edge inside the model is compared with a calculated flow area for the volumes on either
side. An error isreported if the edge's flow areais more than 10% larger than the smaller of the
two calculated flow areas. Thisincludes edges between two components. Vessels, Plenums, Fills
and Breaks are excluded from this test.

Abrupt Area Change Test

The abrupt area change test reports edges that should have a friction, or the abrupt area change
flag set. The calculated area of adjacent volumes are compared. If the volumes differ by more
than auser-modifiableratio, the volumes are determined to involve an areachange. Thistest will
then report an error if the intervening edge between the two volumes does not have either friction
defined, or the abrupt area change model enabled. Thistest optionally compares the edge's flow
areawith the adjacent volumes area as well.

Edge Hydro-Diameter Test

This validation test compares the hydraulic diameter specified for edges inside 1D hydraulic
components with the calculated hydraulic diameter of the adjacent volumes. An error isreported
if the edge is not within the tollerance of one of the calculated diameters. Lumped models often
contain hydraulic diameters for components that are much smaller than a calculated hydraulic
diameter, so this test ignores edge hydraulic diameters that are smaller than the calculated
adjacent volume diameters.

PUMPFRICQ Consistency Test

The PUMPFRICQ validation test verifies that power provided by enabling the PUMPFRICQ
namelist option does not conflict with power added using a FLPOW component. A detailed
warning message is provided through the message window during the event where the
PUMPFRICQ namelist option is enabled and a fluid power component is being used.

Vessel Connection Test

The Vessel Connection test verifies the consistency of Hydraulic connections to the vessel. The
component flow direction is compared target vessel cell face to ensure aconsistent flow between
components. Additionally this test verifies that the hydraulic connections to the vessel do not
occur inside vessel nodes that have a volume fraction of 0.0.

Adjacent Cell Volume Test

The Adjacent cell volume test verifies adjacent cell volumes do not differ by apre-defined ratio.
As a default, volumes are considered to be in error if one is more than 10 times the volume of
the other. This ratio can be specified on a model-by-model basis.
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15.9. Channel Surface Test

The Channel surface test ensures that the canister surface connections between a channel and a
vessel are consistent. The the axial length of the channel nodes are compared with the height of
the connected vessel levels. If the channel nodes, taken together, are longer than the vessel level
an error isreported. Thistest is not run in models that do not contain channels.
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Chapter 16. Renodalization

16.1.

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. Renodalization tools are provided separately for 1D and 3D
hydraulic components. These tools are described in the following sections.

Note  All 1D and 3D renodalization can be safely undone and redone.

1D Hydraulic

All multi-cell 1D hydraulic components may be renodalized. These include Pipe, Pump, Prizers,
Tees, and Valves. 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 as shown in Figure 16.1, “1D
Hydraulic Pop-up Menu”.

SURFT ~
4 i

< [Pipe 1]
Properties

<4 Renodalize...
Edit Heatstructures b

VAPYVELX —~ 4 Show ASCII
3 Reference Docs 3

Cut

ﬁ Copy

Figure 16.1. 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)

93 TRACE Plug-in User's Manual



Split

at the bottom. Figure 16.2, “ 1D Hydraulic Renodalization Dialog” displaysthe 1D renodalization
dialog for the pipe shown in Figure 16.1, “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.
Splits and merges can be undone and redone using the forward and back buttons provided. When
the Next button is pressed, the Renodalization Options Dialog will open. The Section 16.1.7,
“Renodalization Options Panel” allowsthe user to customize how affected components reconnect
themselves to the renodalized component.

The Revert button can be used to set the nodalization of the current component to that of a
component in the reference model. Revert isdiscussed in more detail in Section 16.4, “ Reference
Model”.

Renodalizing Pipe 3 (535 blm-loop pump-suct pipe)

Revert Split Split Uniform Merge ||@,
[ | Announce Changes
Irreversible Loss Eehavior Closest Edge - E
Span original DF Current DF Diff
Component Wide B8.275 8.275 0.0

| Erevation [ Nodes

Cancel Mext

Figure 16.2. 1D Hydraulic Renodalization Dialog

16.1.1. Split

The Split button is enabled when one or more cells are selected. This button opensthe Split Cells
Dialog shown in Figure 16.3, “Split Cell Dialog”. This dialog allows the user to specify how
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new cellswill be created from each of the selected cells. The Split Cells Dialog contains atable
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.

O O O Renodalization - Split Cells

MNormalize || Remove H Add |
Cell Fraction
1 0125
2 0 A75
3 0275
4 0125
i
| Ok || Cancel

Figure 16.3. Split Cell Dialog

Splitting acell resultsin multiple smaller cellsthat occupy the same total volume asthe original.
The cell volume is examined and compared with the flow area's on either side of the cell. If there
isan abrupt area change, then all internal edges 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 a conical section, and the internal edge flow areas are calculated appropriately.
These same conditions are used to determine the volume of each of the smaller cells.

16.1.2. 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 edge are determined in the same manner as
described in Section 16.1.1, “ Split”.

Note  Toavoid creating elevation changes, split cellsinto an odd number of nodes when the
cell isan elbow, or has a crossflow connection.

16.1.3. Merge

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

Note  Thecellson either side of avalve interface may not be merged together.

16.1.4. 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
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component has been affected by the current renodalization. Renodalization can drastically
change the absolute elevation change across a component. The most common way to
inadvertently change the elevation is to split an curved cell into an even number of nodes, or
merge a curved cell with a neighboring cell.

16.1.5. 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
resulting renodalization will display a message to the Message Window. These messages allow
the user to track which components have been changed.

16.1.6. Irreversible Loss Behavior

Theirreversible loss option determines how friction losses are preserved when cells are merged
together. The avail able optionsinclude merging with theinlet edge, merging with the outlet edge,
and merging with the closest edge. The losses are all converted to K-Factors, to preserve the
pressure drop across the whole pipe during the renodalization.

16.1.7. Renodalization Options Panel

After the hydraulic component renodalization is complete, the Renodalization Options Panel
is displayed. This panel alows the user to customize how components associated with the 1D
hydraulic component are modified in response to the renodalization.

A tree containing each component affected by the renodalized component is displayed on the | eft
hand side of the dialog. The root level of the tree contains al the components directly affected
by the original component renodalization. Each affected component may require additional
component changes. For example, a heat structure may change its axial nodalization after a
connected pipeisrenodalized. Any signal variableson thisheat structure will need to be modified
to reflect the new axial nodalization of the heat structure. These signal variables would appear
as leaf nodes under the heat structure.

The top of the dialog is arendering panel that displays a scaled representation of a component
without elevation changes or volume, just axia length. The displayed component reflects the
cause of the selected component's adjustment. Inthe Figure 16.4, “ Renodali zation Options Panel”
below, the selected signal variable component was modified by Pipe 3's renodalization. The
rendering panel displays Pipe 3's origina and modified nodalization, and then highlights the
reference cell selected by the signal variable.

To the right of the component tree is a property view that displays the options that may be
modified for the sel ected component. In the example below, the user can adjust the signal source
reference cell by using the spinner provided. If changing an option results in a difference in
component nodalization, the child nodes will be reset.

Below the property view isareport panel that displays details about results of the renodalization
on the currently selected node.
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original

Modified

T Hydro Connection 4 | w General [ |Show Disabled

T+ Hydro Connection 3 g
o= 3 Hear Structure 127

M vapor Mass Flow Across the Y Axis 22

IT Refueling Storage Tank Ligquid Lewvel 23

"= Model Options

Location 1 6—

| state Location 1 Position
| original  8.675 mm
| Renodalized 10.125 ()

Back Ok

Figure 16.4. Renodalization Options Panel

When the OK button is pressed, the changes are finalized and applied to the model. The
Renodalization Report Dialog is displayed after the renodalization is complete. This dialog,
shown in Figure 16.5, “Renodalization Report”, contains detailed information regarding the
components modified by the renodalization. Changes which may affect the result of the
calculation, such as elevation changes, are reported as warnings. The report can be exported to
alocal HTML file by using the Export button.
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Renodalization Report

@ Notes ) o Alerts (0) /M Warnings (1) & Errors (0)

2 Volumetric Signals [1] Warning

9 M\ Refueling Storage Tank Liquid Level 23
Modified by Pipe 3 renodalization

State Location 1 Position
Criginal B.E675 m)
Fenodalized 10 125 (111

¢ Maodel Options
¢ @ Modified by Pipe 2 renodalization

Constrained Steacy State 5

MNMPCSS
Position

Criginal 5.5 m)
Fenodalized 5.5 (11

State

Close

Expornt

Figure 16.5. Renodalization Report

16.2. 3D Hydraulic

Vessel components inside a TRACE model may be renodalized along each axis (axial, radial,
azimuthal). Figure 16.6, “Vessel Pop-up Menu” below displays the right-click pop-up menu that
appears for aVessel component.

& ﬁhfess L 2E et o 1l

“ontral Syst| Properties
Thermal Col Show ASCII

ZCFL Model
—onnection
sumerics [

Reference Docs 4
Renodalize Axial Levels...
Renodalize Radial Rings...

ﬁ Renodalize Azimuthal Sectors...

Figure 16.6. Vessel Pop-up Menu

16.2.1. Vessel Axial Renodalization

When renodalizing the axia levels of a vessdl, the total height of the vessel is preserved.
Figure16.7, “Vessel Axia Renodalization Dialog” below displaystheaxial renodalization dialog
for aTRACE vessel. Axia renodalization is very similar to the 1D hydraulic renodalization.
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06 Renodalize Z Axis
Side View
Lewel: 7
Lewel: &
Lewel: &
Lewel: 4
Lewel: 3
Lewel: 2
Lewel: 1
Clear || SelectAn |
| Split || Split Uniform || hMerge

[ ] Announce Changes
Inclex Height m
1649
42026
1.2141
1.2142
1.2141
1.18%
1.79

Figure 16.7. Vessel Axial Renodalization Dialog

RS R ]

Heat structures that are connected to the vessel are modified in the same manner as those
connected to apipethat isrenodalized. Axial nodesinside the heat structurewill be split to match
split vessel levels. Thiswill result in a heat structure renodalization as described in Section 16.3,
“Heat Structure” below.

Hydraulic connections to axial levels within the vessal will be moved to the closest matching
edge location. Connections to radial or azimuthal faces will match the closest cell center to the
original cell center. Axial connectionswill connect to the closest edge to the original edge.

Note  Adjusting Axial Levels may modify the elevation of connections to avessal. Run the
loop-check calculation after renodalizing a vessel to check for changes.

Edge and Volume signal variables will be updated to refer to the closest location in the
renodalized vessdl to their original location. The volume variableswill find the closest cell center
location, and edge variables will find the closest edge position.

Note  Signal variables that refer to renodalized components should be checked following
renodalization to ensure that their usage as control system inputs is appropriate. For
example, amass flow signal variable across an edge that is split into thirds will report
only athird of the flow following renodalization. Modification of the control system
would be required to obtain the total flow across the three edges.

Channel components require special consideration during vessel renodalization. The channel
nodalization isimportant and will not be changed when the vessel nodalization increases. Instead
when the levels of the vessel that a channel connects to are modified, the channel surface is
connected to the resulting channel based on thelocationin the vessel of the channel inlet. Channel
cellswill be connected vertically from the channel inlet based on channel cell length. The outlet
hydraulic connection will limit the vessel level where channel nodes can be connected, so in the
case where the channel islonger than the associated vessel nodes, the excess channel length will
be added to the highest vessel node.
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16.2.2. Vessel Radial Renodalization

The number of rings, or nodes along the X axis of a vessel can be modified by selecting the
Renodalize Radial Rings (Cylindrical) or Renodalize X Axis (Cartesian) option from theright-
click pop-up menu on avessel. Therenodalization dialogisshownin Figure 16.8, “Vessel Radial
Renodalization Dialog”. Thisdialog allowsthe user to split or merge ringsin asimilar fashion to
the to levelsin the axial renodalization dialog. The primary difference between axial and radial
renodalizations is how heat structures are modified.

o686 Renodalize Radial Rings
Top Down View

Clear H Select All ‘

| Split_|| Split Uniform

[] Announce Changes

Index Radius m
1 1.5411
2 0.256
| Ok H Cancel |

A

Figure 16.8. Vessel Radial Renodalization Dialog

Heat structuresthat connect to vessel nodeswill be moved to theradial ring location that contains
the volumeto which they originally connected. Vessel wall heat structures that connect different
rings inside the vessel will be updated to connect the same volumes. This may result in a heat
structure that has the same cells on both the outside and inside.

Hydraulic connections are moved to the location in the renodalized vessel that most closely
matches the original connection location. Axial and azimuthal connections are moved to thering
whose center radius most closely matches the radius of the original ring. Radial connections are
moved to the ring whose edge most closely matches the original location.

Edge and Volume signal variableswill be moved to the closest location in the renodalized vessel
to their original location. VVolume variables will be moved to the closest cell center location, and
edge variables to the closest edge position.

16.2.3. Vessel Azimuthal Renodalization

The number of azimuthal sectors nodes along the Y axis of a vessel is modified by selecting
the Renodalize Azimuthal Sectors or Renodalize Y Axis option from the right-click pop-
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16.3.

up menu on a vessel. The renodalization dialog is shown in Figure 16.9, “Vessel Azimuthal
Renodalization”. This dialog allows the user to split or merge sectorsin asimilar fashion to the
tolevelsin the axia renodalization dialog. The primary difference between axial and azimuthal
renodalizationsis how heat structures are modified.

Oo0on Renodalize Azimuthal Sectors
Top Down View
2

1

3 4

| Clear || Select All |

| spiit || spiituniform || Merge

[ ] Announce Changes
Incex Angle rad
1571
1571
1571
1571

L

P

Figure 16.9. Vessel Azimuthal Renodalization

Heat structuresthat connect to vessel nodeswill be moved to the azimuthal location that contains
the node to which they were originally connected. Vessel wall heat structures that connect
different sectorsinside the vessal will be modified to connect the same volumes. This may result
in a heat structure that has the same cells on the outside as the inside.

Hydraulic connections are moved to the location in the renodalized vessel that most closely
matches the original connection location. Axial and radial connections are moved to the sector
whose center angle most closely matches the angle of the original sector. Azimuthal connections
are moved to the sector whose edge most closely matches the original location.

Edge and Volume signal variableswill be moved to the closest location in the renodalized vessel
to their original location. Volume variables will be moved to the closest cell center location and
edge variablesto the closest edge location.

Note  Some volume variables may produce different results when the volume of a connected
cell ismodified. Pay attention to the signal variables that report a change

Heat Structure

Heat structures may be renodalized radially and axially. Radial renodalization occurs when the
meshpoint 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.
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Radial Renodalization

16.3.1. Radial Renodalization

The radia geometry of a heat structure may be modified through the radial geometry dialog
shown in Figure 8.6, “Heat Structure Radial Geometry Dialog”. 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.

16.3.2. Axial Renodalization

16.4.

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 cells will 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 BCs are the same, and the
right surface BCs are the same, the two cells will automatically coalesce into 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 16.10, “Heatstructure Axial Editor” shows
each of the axial nodes along the heat structure.

O O O Surfaces - Heat Structure 140 ($140% reactor-core fuel rods)

Adial Inner Surface Outer Surface
Cell Boundary Conditions Boundary Conditions
1 [9] Flus: 0.0 [2] ¥essel: 26 Cell: [1][1][3]
2 [0] Flux: 0.0 [2] Vessel: 26 Cell: [1][1][4]
3 [0] Flus: 0.0 [2] Vessel: 26 Cell: [1][1][5]
9 General
Eoundary Condition |[[2] Hydro Component |v 7
Hydraulic Cell Vessel 26 Cell [1, 1, 4] EA ‘?
| cancel | y

Figure 16.10. Heatstructure Axial Editor

Reference Model

The TRACE plug-in supports reverting the nodalization of hydraulic components to a previous
state stored in aseparate TRACE MED file. Thisfileisreferred to as a Reference Model. To use
the reference model, first select the external MED file using the L oad Reference M odel option
from the right-click pop-up menu of the model in the navigator. This menu item is displayed
below in Figure 16.11, “Reference Model Menu Item”.
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Reference Model

¢ BB TRACE models
? LS 2we sl
o= 8= Mod( Cut
o= B Hydl Copy
o Cort| paste
o= 3 Ther Paste Special
o= #' P o

||n|| CCFL Delete

() Cont| Import 4

I Extel Export b
o= & Lonf Tools b
o= fix] Mum

o = Vi Begin Editing Restart
Stop Editing Restart
Retrieve Initial Conditions

Load Reference Model

Engineering Units »

Figure 16.11. Reference Model Menu Item

Once the Reference Model has been loaded, hydraulic components can be reverted back to the
nodalization and properties contained inside the reference model. Pressing Revert button in
the renodalization dialog will open a dialog to select the reference component. The reference
component's nodalization will be copied over to the current component.

O O O Renodalizing - Pipe 12 (512§ int-loop pump-suct pipe)

O O O Cell and Junction Revert Method
I:‘ Reven i i i
How should cell and junction data be copied?

[[] Announce Changes ‘all cell and junction data |v|
Span |
Cornponert Wide |8

Elevation |. MNodes

Figure 16.12. Revert Component

After selecting a component, the user has the option to copy over all cell and junction data or
only geometric data as shown in Figure 16.12, “Revert Component”. Like a other renodalization
operations, the changes will not be made until the user presses the OK button. The related
components, such as heat structures and hydraulic connections, will update as though the user
had modified the nodalization directly.
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Chapter 17. Loop Closure

Theloop closure tool inside the TRACE plug-in allows the user to examine the exact elevations
of nodes inside the model. This test examine the hydraulic components inside the model and
determines the separate hydraulic systems. These systems are then listed in a dialog shown in
Figure 17.1, “Hydraulic Systems Selection”, which allows the user to select a root component,
and to specify an inlet elevation for that component. If the IELV namelist variable is set true,
theinlet elevations areinitialized by the cell-centered elevations specified for fluid components.

nDoOo0n Hydraulic Systems
Shetam Foot Inlet
Murnber Includle Component Elewation {m
1 v Wessel 26 (5268 2-d vessel) 0.0
2 vl |Tee 17 ($17% bkn-loop sec-si... 5.0
H w]  |Tee 15 (184 int-loop sec-sid... 5.0
| cancel | y

Figure 17.1. Hydraulic Systems Selection

Once the initial elevation is selected, pressing the Next button opens the report dialog. This
dialog, shownin Figure 17.2, “Loop Closure Dialog”, displaysthe elevations cal culated for each
connection for a selected system. A label at the top indicates if the current systems closure is
within tollerence. If the loop has failed the tollerence check, the list of errorsis displayed in the
lower part of the dial og. Sel ecting the verbose report displaysthe cell-centered el evation for each
node in a standard hydraulic component, and each level in a vessel component, as well as the
connection elevations. The datamay be exported to acomma-separated values (.CSV) formatted
text file by pressing the Export button.

eee Loop Closures

Hydraulic Loop |\fesse| 26 $26% 3-d vessel it

Display Options Mormal v|
Elevation Data
Companent Location Elewation {m)
Wessel 26 Foot Component 0.0 -
Wessel 26 Jun 1 To Pipe 1 87187 3
Wessel 26 Jun 27 To Pipe 41 87187 L5
Vessel 26 Jun 28 To Pipe 42 87187
Wessel 26 Jun 29 To Pipe 43 B.7187
Wessel 26 Jun 20 To Pipe 44 87187
Wessel 26 Jun & To Tee 5 87187
Wessel 26 Jun 11 To Tee 10 87187
Pipe 1 ource: Jun 1 Fram Yes... [8.7187
Pipe 1 Jun 1 To Vessel 2& 87187
Fipe 1 Jun 2 To Pipe 2 94687
Fipe 2 Source: Jun 2 Fram Pip... |9 4687 —
Dliece L T D 1 BT >

| Eack || Close || Export |

Figure 17.2. Loop Closure Dialog
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Chapter 18. Model Notebooks

The TRACE plug-in allows generating model-wide reports as a single annotated document,
called a model notebook. Information such as calculations, 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 18.1, “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.

Q Export Model Notebook - WiLoop.med ]
| General | Sub-Systems
Document Format |Microsoft Word Document ¢docx) |v
Title Page Title Page s G
Front Matter Multiple Front Matter Motes Specified Y
Classification [v] [UNCLASSIFIED
Header ¥ Sample Header
Footer [¥] [Sample Footer
Page Styles ® Left/Right ) Single Page
Misc Mathcad Output Format  |Rich Text Format {rify -
[#] Open Exported Notebook ¥ Include Input Listing
[¥| Include Component Images ¥ Include Owner/Reviewer Listing
Help | Export Cancel

Figure 18.1. Export Model Notebook Dialog

General Settings

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

Title Page allows selecting or creating amodel note to 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 adialog 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.

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
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Sub-System Settings

electronic document. This setting mostly relatesto page margins and the organi zation of elements
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 are included 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.

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.

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 18.2, “Export Model
Notebook Sub-Systems Tab".

£3 Export Model Notebook - WaLoop.med

General | Sub-5ystems |
Mame [ mest | View
Intact Loop Intact Loop 5team Generator
Sample Child 5ub-5ystem O disabled
Broken Loop Broken Loop Steam Generator

TR

Figure 18.2. 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
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Sub-System Settings

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 all 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.
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Chapter 19. Batch Commands

The TRACE plug-in adds support for the following Model Editor batch commands.
TRACE IMPORT [filetype] <Mn> [filename]

Thiscommand imports datafrom an input file. If thefile contains acomplete model anew model
will be created insidethe Model Editor. Otherwise, the datamust beimported on top of an existing
model.

* [filetype] - One of the following import file types:
ASCII_FULL - An ASCII input file compliant with TRACE.

ASCIlI_RESTART - An ASCII restart input file to import on top of the
current model

TPR - A platform independent binary restart file.
* <Mn> - An optional argument used to identify the model. Valid model |abels are MO-M 9.

* [filename] - The file name which should include the full path to the filein quotes.
TRACE EXPORT [filetype] <Mn> [filename]

This command exports afile of the specified type to the given file name. Each of the available
file typesis described below.

* [filetype] - One of the following export file types:

ASCII_FULL - Exports the current model in the TRACE ASCII input
format.

ORDERED_ASCII - Exports the current model in the TRACE ASCII input
format, in the same component order asthe original ASCII file.

ASCII_RESTART - A TRACE ASCII restart input file including the
components modified after the previous BEGIN_RESTART command.

METRICS_SPEC —Themodel specification filefor the Test Suite Analyzer
(TSA).

METRICS - The plug-in metrics data file for Test Suite Analyzer (TSA).

NOTEBOOK_ODT — A Model Notebook as an OpenDocument Format
(ODF) file.

NOTEBOOK_DOCX — A Model Notebook as an Office Open XML 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 full path to the filein quotes.

TRACE BEGIN_RESTART
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This begins a set of restart changes for the current model. This command identical to the model
pop-up menu item Begin Editing Restart. Any subsegquent changes made to the model before
the STOP_RESTART command will be considered restart changes and will be included in any
restart deck exports.

TRACE STOP_RESTART

This ends a set of restart changes and returns the model to a non-restart state. Thisis identical
to the model pop-up menu item Stop Editing Restart.

TRACE SET_NAME <Mn> [name]

This command sets the name of either the current model or the model designated by the Mn
parameter.

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

* [name] - The new name of the model in quotes.
TRACE CREATE_CONSTANT <Mn> [constant name]

This command is used to create a new user defined constant with the specified name. An error
will result if a constant with the given name already exists. The new user defined constant will
be created in either the current model or the model designated by the Mn parameter.

* <Mn> - An optional argument used to identify the model. Valid model |abels are MO-M 9.

» [constant name] - The name of the user defined constant to be created in quotes.
TRACE CREATE_VIEW <Mn> [category name]

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.

* <Mn> - An optional argument used to identify the model. Valid model |abels are MO-M 9.
 [category name] - The name of the component category in quotes.

TRACE SETVALUE <Mn> [variable] [component] [indexes] [value]

This command sets a numerical value on a property inside the model. The property must be
specified by a combination of label, component and node index as appropriate.

* <Mn> - An optional argument used to identify the model. Valid model |abels are MO-M 9.
 [variable]- The name of the variable (such asrftn) to modify.

» [component] - The id number of the component to modify. The type of component is
automatically determined from the variable argument.

* [indexeq - The indexes argument can include from zero to four integers depending on
the variable being modified. A complete listing of the variables available for modification
and their parameters can be found in Section 19.1, “TRACE Variable Indexes’ below. For
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example, to set the void fraction of cell 3 in pipe 101 to 0.773, the following batch command
would be used:

TRACE SETVALUE alp 101 3 0.773

Setting this same property in vessel 26, axia cell 2, radial ring 3, azimuthal sector 4 would
use this command:

TRACE SETVALUE alp 26 2 3 4 0.773

Note the change in the number of integer parameters ('3' vs'2 3 4). This distinction between
1D and 3D componentsis enforced by the batch interpreter and error messages will be issued
if too many or too few parameters are given.

TEE based component indexing does not include the phantom cell index. So for example, a
tee containing 3 main tube cells and 2 side tube cells will have 5 axial cell indexes, and 7
axial edge indexes. The following command will set the pressure of the first side tube cell of
component 101 to 1000.0 psi:

TRACE SETVALUE p 101 4 1000.0

To set the liquid velocity at the inlet side of the side tube to 10 ft/s, enter the following
command.

TRACE SETVALUE vl 101 5 10.0

» [valu€] - Either the floating point value to assign to the variable, or an Inline File argument.
Data values must be input in the models current units, Sl or British.

An Inline File is intended as a way to place a larger, more strictly formatted set of data as
a single value argument. For the TRACE plug-in this capability is used by the control block
table CBFTAB. For CBFTAB the Inline File is the same load format input required by the
ASCII input deck for thistable. For example, the following command would be used to replace
the current CBFTAB in control block -3 (type 102) with a 2x3x4 table:

TRACE SETVALUE cbftab -3 2 3 4 <

* cbtbl x1* 1.0 2.0s

* cbtblx2* 1.0 2.0 3.0s

* cbtblx3* 1.0 2.0 3.0 4.0s

* cbtbly * 8.0 8.0 8.0 8.0 8.0s
* cbtbly * 8.0 8.0 8.0 8.0 8.0s
* cbtbly * 8.0 8.0 8.0 8.0 8.0s
* cbtbly * 8.0 8.0 8.0 8.0 8.0s
* cbtbly * 8.0 8.0 8.0 8.0e

TRACE SETNUMERIC <Mn> [numeric name] [variable]
[component] [indexes]

Thiscommand isused to retrieve avariable value from acomponent and placeit in auser defined
constant or variable in the same model. The syntax isidentical to that of SETVALUE with the
exception of the numeric name argument, which contains the name of a user defined constant
or variable.

* <Mn> - An optional argument used to identify the model. Valid model |abels are MO-M 9.
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* [numeric name] - The name of a user defined constant or variable. Note that if the name
includes spaces that it must be quoted in this batch command.

» [component] - The id number of the component to modify. The type of component is
automatically determined from the variable argument.

* [indexes] - The indexes argument can include from zero to four integers depending on the

variable being modified. A complete listing of the variables available for modification and
their parameters can be found in Section 19.1, “TRACE Variable Indexes’.

For example, to set the user defined constant named "V oidFrac” to the void fraction of cell 3
in pipe 101, the following batch command would be used:

TRACE SETNUMERI C "Voi dFrac” alp 101 3

Setting the constant to the same property in vessel 26, axia cell 2, radia ring 3, azimuthal
sector 4, would use this command:

TRACE SETNUMERI C "Voi dFrac" alp 26 2 3 4
TRACE SETFRICS
This command provides the ability to convert a TRACE model's loss coefficients to be friction
factors for both 1D and 3D hydraulic components. The conversion is performed for internal
and external hydraulic edges as well as crossflow and leakage path connections. If the model
is currently in FRIC format, the input will be left alone. The TRACE namelist variable IKFAC
will be set to FRICS.
TRACE SETKFACS
This command behaves much like the above SETFRICS batch command except that al loss
coefficients will be converted to K-Factors. The TRACE namelist variable IKFAC will be set
to K-Factors.
TRACE CONVERT LEAKPATHS

This command will automatically convert all leak path connections to appropriate Sngle
Junction equivalents.
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TRACE Variable Indexes

19.1. TRACE Variable Indexes

Component Type |Variable Index 1 Index 2 Index 3 Index 4
Type
Hydraulic (1D/3D) | dp Axial <Radia> | <Azimuthal> -
Hydraulic (1D/3D) tl Axia <Radia> | <Azimuthal> -
Hydraulic (1D/3D) tv Axial <Radia> | <Azimuthal> -
Hydraulic (1D/3D) v Axia <Radia> | <Azimuthal> <Face>
Hydraulic (1D/3D) v Axial <Radial> | <Azimutha> <Face>
Hydraulic (1D/3D) p Axia <Radia> | <Azimutha> -
Hydraulic (1D/3D) pa Axia <Radial> | <Azimuthal> -
Hydraulic (1D/3D) tw Axia <Radial> - -

Hydraulic (OD) pin - - - -
Hydraulic (OD) tin - - - -
Hydraulic (OD) alpin - - - -
Hydraulic (OD) vlin - - - -
Hydraulic (OD) thin - - - -
Hydraulic (OD) pain - - - -
Hydraulic (OD) | flowin - - - -
Hydraulic (OD) wvin - - - -
Hydraulic (OD) tvin - - - -

Vave favive - - - -

Pump omegan - - - -

Table 19.1. TRACE Hydraulic Variable | ndexes

Component Type [Variable Index 1 Index 2 Index 3 Index 4
Type
Heat Structure rftn Axial Radial Rod/Slab -

Heat Structure | rpowri - - - -

Table 19.2. TRACE Heat Structure Variable | ndexes
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TRACE Variable Indexes

Component Type |Variable Index 1 Index 2 Index 3 Index 4
Type
Control Block chgain - - - -
Control Block cbxmin - - - -
Control Block | chxmax - - - -
Control Block cbconl - - - -
Control Block cbcon2 - - - -
Control Block cbftab | Number of | <Number of | <Number of | InlineFile
X1Vaues | X2Vaues>| X3Vaues>
Trip setp | SETP(1-4) - - -
Trip dtsp | DTSP(1-4) - - -

Note

Table 19.3. TRACE Control System Variable | ndexes

Indexes enclosed in "<",">" are optional
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Chapter 20. Resource File
Import/Export

The TRACE plug-in provides the ability to export an ASCII 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. Thisisdisplayed in below in Figure 20.1, “ASCII Resource Export”.

i .
[£] Select file in which to export the TRACE deck. l_J-s:h
Save in: . wdloop_resources - E 3 E
e
Recent Items Include Resource Map @
Desktop File name: wiloop_resources.inp [ Export TRACE ASCIT I
r: Files of type: | TRACE ASCII decks. (%.inp) w [ Cancel |
- ]

Figure 20.1. ASCII 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 ASCII 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 Model Editor using the normal TRACE import routine. The plug-in will identfiy
the ASCII model as a resource model and attempt to locate the resources for that model. The
following dialog is provided when aresource model is imported:

Select an Option Li_g-J

The selected input model contains a resource model reference to
ChUsershdul\Desktop\WéLoop.med
Would you like to import rescurces from the file?

| fes | I Me I I Cancel

e

Figure 20.2. Resource Model I mport

Once the resource file has been located the TRACE plug-in will gather all the information
required to import the resources into the new model. The user has the option to decide which
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of the resources will be included in the new model once the import has completed. The desired
resources can be choosen from the provided configuration dialog . This dialog can be seen in
Figure 20.3, “Resource Options’.

| £| Resource Options lihj

Please select the desired resources to import
fram the following options:

[v) i
Numerics
Documentation

[ OK H Cancel I

- ¥

Figure 20.3. 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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Chapter 21. PARCS Mapping

21.1.

The PARCS Mapping component is a TRACE component which provides a user-interface and
1O routines for creating maptab files. These files are used to provide a mapping of kineticsfrom
the PARCS geometry to TRA CE components.

Initial Map Creation

A PARC Mapping component can be created much like any other TRACE component. Selecting
the New item from the right-click pop-up menu on the PARCS Mapping category node provides
ainitialization dialog which can be used to create a new mapping or import an existing mapping.
The component's right-click pop-up menu Show ASCII item provides an ASCII view of the
mapping data asit is currently configured.
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Figure21.1. ASCII View

Creating a new PARCS mapping component provides the user with an initial map creation
dialog. Thisdialog containsthree seperate waysto instantiate amapping: 2D Hydraulic Mapping,
Existing map Import, and Vessel Mapping. Each of these three modes require that a PARCS
model be selected. The PARCS model selection editor will allow a PARCS model to be selected
from within the Model Editor or from an external .med file.

2D Hydraulic Mapping will create a mapping file which couples PARCS to TRACE hydraulic
components. The desired hydraulic components to couple should then be selected aswell astheir
initial core locations. The hydraulic components will be defined at the selected planar locations
across each of the axial levels. Each level can be reconfigured in the Map Coupling Editor for
the selected map.

119 TRACE Plug-in User's Manual



Initial Map Creation

|| Define PARCS Coupling ﬁ
Mapping Type 20 Hydraulic Mapping 7t v
PARCS Model

Hydraulic Cormponents |[0] Hydraulic Components
Thermal Compaonents  |[0] Thermal Components

Mapping Format (@ Automatic () Explicit

Ok Cancel

7% B
=) =9 =

Figure 21.2. 2D Hydraulic Map Creation

The Vessel Mapping type providesthe ability to define couplingsfrom PARCSto TRACE vessel
geometries. Once the vessel to map to has been selected, the "Core Bottom" and "Core Radius’
properties should be defined. The Core Bottom property will determine from which axial level
the coupling will connect to. The Core Radius property definesthe highest radial node to connect
to. These properties provide the ability to restrict the coupling to specific segements of the entire
core.

| 4| Define PARCS Coupling [
Mapping Type :?u'essel Mapping 'r:
PARCS Madel
Vessel Mone Selected
Vessel Geometry Core Bottom | 1}=-| Core Radius | 1

Mapping Format @ Automatic () Explicit

- =

Figure 21.3. Vessel Map Creation

The Import Mapping type will import an existing coupling file. The mapping format should be
specified according to the type of map which is to be imported. Currently the Automatic and
Explicit coupling formats are supported.
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Mapping Configuration

21.2.

i -
| 4| Define PARCS Coupling =
Mapping Type  Imporf Mapping..... 0 - @
PARCS Model =) @
Maptab File & @

Mapping Format @) Automatic Explicit
C | Cancel |
.

Figure 21.4. Import Mapping

The "OK" button will become available once all required information is provided. The new
mapping will appear in the Navigator and additional editing can then be made from the
components property view.

Mapping Configuration

After the initial map creation stage has been completed the map should then be configured. The
property view will display the properties for the specific type of map created.

The Vessel mapping provides a series of options for defining the coupling between the TRACE
and PARCS components. TheV essel Mapping editor can be accessed by selecting the"Hydraulic
Components' property. The Vessel Mapping editor displaysaplanar nodal diagram for selecting
specific regions in the core and the specific component mapping where values are assigned.
When aplanar region of the core is selected in the 2D Vessel Planar View, the 2D mapping view
will highlight each of the locations where that planar index is set. Similarly, when the mapping
nodes are selected, the 2D vessel planar view will highlight the planar locations of the selected
mapping nodes. The dialog provides two ways to assign planar indeces to the mapping nodes.
The first way to assign avessel planar index is to select on the mapping nodes you wish to set,
select the assign button, and then use the crosshair to select the region from the 2D vessel planar
view. The other way to specify a mapping node vessel planar index is to select on the desired
nodes in the 2D mapping view and specify the numerical index in the provided table. Thistable
also allows the specification of the mapping fraction. Selecting the clear button will remove the
assigned planar index at the selected mapping node. The highlight option will cause the mapping
view to highlight the current mapping selection.
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Figure 21.5. Vessel Mapping Editor

The Hydraulic mapping also providesaseriesof editorsfor defining map properties. Selecting the
"Hydraulic Components' field will enablethe 2D hydraulic mapping editor. The hydraulic editor
issimilar tothe Vessel editor asit allows specific node assignment of components. The hydraulic
editor includes Axia Levelsand alist of available hydraulic componentsto set on the core planar
nodes. Selecting on ahydraulic component in the provided list will cause the 2D mapping display
to select each of the nodes which are assigned to the selected hydraulic component. Selecting on
a 2D mapping node sel ects the hydraulic componentsin the list which are mapped to the selected
nodes. The assignment of the hydraulic components to the 2D mapping view is similar to the
vessel mapping dialog. Selecting the Assign button will set the cursor to a crosshair which can
be used to select the hydraulic component which is to mapped to the selected nodes.
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Figure 21.6. Hydraulic Mapping Editor

Both the Hydraulic Mapping editor and V essel M apping editor provide undo/redo capabililty. An
undo or redo operation can be made by clicking on the provided buttons or pressing the control+z
(undo)/control+y(redo) key combinations. The undo/redo state is tied to the dialog and has no
affect on the system undo manager.
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TRACE-PARCS Coupled
Jobstream

21.3.

The Hydraulic mapping allows a core region to be split in either vertical or horizontal locations.
Selecting the "Split Locations' editor from within the Hydraulic mapping property view, will
enablethe Split L ocation editor. The editor allowsany number of split positionsto be added. Split
rows and columnswill have aproper split fraction assigned. Splits can be defined per axial level.

| £| Define Split Locations Iﬁ
Axial Level
pra——
Split Position Qrientation
1 =
5 i
| *H Add || Bt Remove
| QK | | Cancel
. 4

Figure 21.7. Split Location Editor

TRACE-PARCS Coupled Jobstream

Once the PARCS mapping has been created it can easily be used in a Engineering Template
Job Stream. The PARCS Mapping component h as an "active" property. Setting this property to
true will ensure that the specified mapping will be exported to those Job Steps which require the
mapping. Only a single mapping can be enabled in a given TRACE model.

The following set of steps describe how to set up an Engineering Template Job Stream in order
to run a coupled TRACE-PARCS problem:

1. Create or import a PARCS model using the PARCS plug-in and save the model (This step
should be repeated if more than one coupling case is to be run, as in a steady-state and
transient)

2. Create or import a TRACE modd. (If creating a new model and the case should be coupled,
set namelist itdmr to PARCS)

3. Create anew PARCS Mapping component.
4. Configure or import a coupling map.

5. Set the map active. (This mapping will be provided to each of the coupling runs)
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Jobstream

6. If using aTRACE restart model, create anew Case component and import the restart file. (If
doing more than one restart, repeat this step)

7. Save the model.
8. Create anew Engineering Template Model.

9. Create a reference model component for each of the TRACE and PARCS models we saved
earlier.

10.Create a new Job Stream component.

11.In the Job Stream component, create an additional TraceModel node for each of the restart
cases the trace model supplies. Select the restart case property and the case it represents for
each model node.

12.Create anew Trace Step for each of the runs which need to be made. Set their names and the
names of the TRACE steps to the type of run they represent (standal one/coupled ss/coupled
tr/etc)

13.If the first run in the coupling job is a standalone trace job, drag the basic trace model node
and the standalone trace step to the view.

14.Connect the standalone Trace Model node to the tracin input of the standalone Trace step.
15.Drop thefirst trace restart model node onto the view along with the coupled PARCS model.
16.Add the associated trace step to the view

17.Connect the Trace restart model node to the tracin input on the Trace Step (A parcs_inp input
appears on the step if the restart model has itdmr=1)

18.Connect the PARCS model node to the parcs_input input on the step.

19.Connect the trctpr output node of the previously added step to the trcrst node on the newly
added step.

20.Drop the second trace restart model node onto the view along with the coupled PARCS model
(These steps assume thisis atransient which accepts a TRACE and PARCS restart file).

21.Add the associated trace step to the view.
22.Connect the Trace restart model node to the tracin input on the Trace Step.
23.Connect the PARCS model node to the parcs_input input on the step.

24.Connect the trctpr output node of the previously added step to the trerst node on the newly
added step.

25.Connect the parcs_rst output node of the previously added step to the parcs rsti node on the
newly added step.
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Figure 21.8. TRACE-PARCS Coupled Engineering Template
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Chapter 22. FRAPCON Fuel Rod Import

22.1.

This section describes the FRAPCON fuel rod import capabilities provided by the TRACE plug-
in. Currently two modesexist, singlefuel rod and multi-rod state conditionimport. These features
will be described in the following sections.

Single Fuel Rod Import & Creation

The TRACE plug-in provides the ability to create a new TRACE heatstructure from the output
of an existing FRAPCON run. A wizard has been provided to assist the user with this operation.
To access the feature, right-click on the Thermal node in the Navigator. This will provide a
pop-up menu option labeled "Import FRAPCON Fuel Rod". Selecting this option will open the
FRAPCON to TRACE Fuel Rod Import Wizard.

The first step in the import process is to identify a source of FRAPCON data to extract
information. This information is used to initialize a new TRACE heatstructure. Two modes of
source selection are provided: Loca File selection and Job Stream selection. The Local File
selection mode providesthe ability to select files directly off of thelocal filesystem. This process
reguires the selection of both a FRAPCON output and plot files.

Note  Currently only FRAPCON cases which are run with NPLOT=2 are supported. Thisis
because 2D burnup datais required and is only available when NPLOT = 2.

Generdly, the output of a FRAPCON run ends with the .out extension. This file should be
specified in the text field provided next to the Output File text |abel. A local file selection editor
is provided when the user selects the folder icon next to the text area. The Plot file should be
specified in the Plot Filetext area. The FRAPCON import wizard supports both the .plot and .pib
plot file formats and either can be input into the field. Pressing the Next button at the bottom of
the dialog will begin the process of extracting information from the selected files or job. Once
complete, anew configuration panel in the wizard will be provided.
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Creation

o FRAPCON to TRACE Fuel Rod Import Wizard

Select a FRAPCON Fuel Rod Data Source

The data source for creating fuel rods from FRAPCON output should be specified in the
options provided below. The source can be either a FRAPCON output/ plot file pair, or a
previously run FRAPCON job stream. The necessary files will be retrieved after selection.

i_J Local Files -An output & plot file from an existing FRAPCON run

i® Job Stream - A run made from within SNAP using the job stream system

#% Source URL calcsenv//Local/runs/111i5 _in_nplot2 /Base_Job

Cancel Mext

Figure 22.1. FRAPCON-TRACE Fuel Rod I mport Source Selection Ul

The configuration panel in the wizard is required for specifying the timestep in which data will
be extracted. A drop-down combo box is provided for selecting the desired timestep. Selecting
atimestep in the will will provided radial power and intial radial temperature plots in the lower
portion of the panel. These are provided as visua aids for determing some basic information
about the selected timsteps. Once the desired timestep is specified, selecting the Finish button
will be construction of the new heatstructureT
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22.2.

o FRAPCON to TRACE Fuel Rod Import Wizard x

Select a Time for Input Retrieval

Select the time in which to extract data for the creation of the heatstructure. Extracted data
will include burnup, fuel, cladding and oxide surface temperature distribution etc

Problem Information |I].1 Days (8.64e+03s) - Burnup 5.0000e-01 MWD ,/MTU |v|
Timestep Preview |Radial Temperatures |v|
546 e —

(k)

SET T

0.00 (Radii, crm) 0.466

Cancel Previous Finish

Figure 22.2. FRAPCON-TRACE Fuel Rod I mport Configuration Ul

New heatstructures will be automatically added and selected in the Heatstructure category of
the Navigator Tree. These new heatstructures are given a unique component number and have a
component description of "Imported FRAPCON Heatstructure”.

Multiple Fuel Rod Importing

The TRACE Plug-in supports mapping multiple FRAPCON fuel rod output files to heat
structures, and importing the output of those FRAPCON runs before executing TRACE as part
of a Job Stream. The process begins by defining the future FRAPCON run output sets that
will be generated. Thisis accessed through the Thermal node in the Navigator, by opening the
FRAPCON Runs property editing dialog, shown in Figure 22.3, “FRAPCON Fuel Rod Import
Rod Dialog”. Existing output files can be imported in this dialog by pressing the Import button.
Thiswill alow selecting the FRAPCON output and plot files, and select an output time.
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Figure 22.3. FRAPCON Fuel Rod I mport Rod Dialog

Once the FRAPCON runs are defined, they must be mapped to the fuel rod heat structuresin
the model. This mapping is defined through the FRAPCON Mapping property editing dialog
accessed through the Thermal node in the Navigator. This dialog, shown in Figure 22.4,
“FRAPCON Fuel Rod Mapping Dialog”, allows mapping one or more heat structures to
FRAPCON rods. When multiple FRAPCON runs are mapped to a TRACE heat structure, a
multiplier is used to average the FRAPCON values before applying the values to the heat
structure. An error will be reported if the multipliers for a heat structure do not sumto 1.0.

Thefuel rod mapping may beimported from aCSV file by using theimport button. Thismapping
will create any missing FRAPCON runs encountered during the import.

i Thermal & ®
» Ceneral [ Show Disabled
FEAFCON Runs [11] Frapcon Runs IE‘ "'ﬁ ‘?
FRAPCOM Mapping |[88] Heat Structure Mapped IE' ™ P
o Edit FRAPCON Rod Mapping x
D@ & LI |
Heat Structure Mame Fractions Fuel Rod Fraction
801 oycle 1 fuel r... [[1] Fractions o FRAPCON Rod 2 (Run_2) 0.125
802 cycle 1 fuel r... [[1] Fractions L §§
803 cycle 1 fuelr.. [[1] Fractions |~ :FRAFCON Rod 3 (Run_3) 0.125
B804 cycle 1 fuel r... [[1] Fractions FRAPCOM Rod 4 (Run_4) 025
805 cycle 1 fuel r... [[1] Fractions §§
806 cyrle 1 fuel r_ [[1] Fractions f[FRAFCON Rod 5 (Run_5) 0.125
807 coycle 1 fuel r... [[1] Fractions FFAPCON Rod & (Run_&) 025
808 cycle 1fuelr.. [[1] Fractions 5
B09 cytle 1 fuel r... [[6] Fractions o [FRAFCON Rod 7 (Run_7) 0.125
810 cycle 1 fuel r.. |[6] Fractions “trotal 1.0
811 oycle 1 fuel r... [[&] Fractions :
812 cycle 1 fuel r... [[8] Fractions —
1 Lo 1 Fral » [E1 Cemetine Fl:
oK H Cancel ‘

Figure 22.4. FRAPCON Fuel Rod Mapping Dialog
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FRAPCON Fue Rod Job Stream

22.2.1. FRAPCON Fuel Rod Job Stream

If the FRAPCON fuel rod mapping data has been defined, TRACE job stepswill allow activating
the FRAPCON Output Retreival properties. These properties, shownin Figure22.5, “FRAPCON
Fuel Rod Job Stream Properties’, are only available if the Rod Mapping has been created, and
the FRAPCON plug-in is installed. They allow activating the FRAPCON input nodes on the
TRACE job step, and entering the output time desired. The output time can be defined in Days
or allow selecting the last timestep.

im Time 550.0| (days) &P

) Use Last Timestep

Fetrieve FEAFCON Data

Figure 22.5. FRAPCON Fuel Rod Job Stream Properties

If the Retrieve FRAPCON Data option is activated, the TRACE Job Step will enable two
additional input nodes, one for FRAPCON Plot files, and one for FRAPCON output files. These
are set inputs that will require the afile entry for each of the FRAPCON fuel rods defined in the
TRACE model. Thesefilesmust be defined using external file set objectsinsidea TRACE model,
but can be defined using parallel FRAPCON steps in an Engineering Template. Figure 22.6,
“FRAPCON Fuel Rod Job Stream” below displays a job stream that includes a parametric
FRAPCON run providing the filesfor a TRACE job.

TRACE model
1

input
maodel =

TRACE 4
2 TRACE STEF

FRAPCON

d FetlputEs =) tracin
[EO trerst tretprf=-

FRAPCON madel B
2 BUITRLIL O frapean_out [G1] ey b
screen = -~
. ) frapcon_plot [G1]
input ) input plot
muodel = pibplot [
init =

Figure 22.6. FRAPCON Fuel Rod Job Stream

22.2.2. FRAPCON Fuel Rod Import Data

The FRAPCON Fuel Rod importer converts FRAPCON output valuesinto TRACE heat structure
input. Thefollowing propertiesareretrieved from theinput echo portion of the FRAPCON output
file:
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TRACE Property FRAPCON Values

Pitch to Diameter Ratio [PDRAT] Reactor Conditions : Rod Pitch [PITCH] / Rod
Design : Cladding Outer Diameter [DCO]

Fuel Pin Rougness [RFCLAD] Fuel Pellet : Pellet Surface Roughness
[ROUGHF]

Cladding Rougness [ROUGHCLAD] Rod Design : Surface Roughness [ROUGHC]

Fraction of Theoretical Fuel Density [FTD] | Fuel Pellet : Fuel % Theoretical Density [DEN]
/100.0

Rod Plenum Height [HFRPLEN] Rod Design : Plenum Length [CPL]

Pellet Shoulder Width [DISHSD] Fuel Pellet : Dish Shoulder Width [DISHSD]

Pellet Dish Depth [HDISH] Fuel Pellet : Dish Height [HDISH]

Pellet Height [ZPELL] Fuel Pellet : Pellet Height [HPLT]

Sintering Temperature [TFSINT] Fuel Pellet : Sintering Temperature [TSINT]

Maximum Density Change [RSNTR] Fuel Pellet : Density Increase [RSNTR]

Gadolinia Concentration [GADC] Fuel Pellet : Gadolinia Weight Fraction
[GADOLN]

Table 22.1. FRAPCON I nput Echo Values

Note  The Gadolinia Weight Fraction is a boundary condition value in FRAPCON, and will
be applied across al of the TRACE heat structure nodes.

The following properites are retrieved from the FRAPCON output file major edit data for the
selected time step:

» Spring Volume Fraction [VFSPRING]
» Crud Thickness [CRUDTO]
» Gap Gas Mass Fractions [GMI X]

The following properties are retrieved from the PARCS Plot File for the selected time step:

TRACE Property FRAPCON Plot Values
2D Burnup [BURN2D] fburnup

Axially Averaged Burnup [BURNUP] burnup

Cladding Oxide Thickness [OXLAY ER] oxide

Cladding Creepdown [UCRPDOWN/|cladidef

CREEPDOWN]

Fuel Pin Strain [UFSWELL/FUELSWELL] |fswell

Fuel Densification [FUELDENS] fdensif

Hydrogen Concentration [CEXHZ2] h2

Table 22.2. FRAPCON Plot File Values.

Note  Axialy averaged properties (e.g. UCRPDOWN) will be initialized as well as the
associated axia array values (e.g. CREEPDOWN). This provides support regardless
of the models namelist variable values.
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Chapter 23. TRACE Parallel Task Sets

The TRACE plug-in uses Paralldl Task Setsto support TRACE's course-grained parallel (multi-
task) mode of operation provided through the Exterior Communications Interface (ECI). Each
Parallel Task Set represents aset of TRACE input that will be run by multiple TRACE processes
in paralel. Users of this capability are strongly encouraged to study the "Multi-Task Mode of
Operation" section of the TRACE User'sManual aswell asthe ECI documentation and examples
included in the TRACE distribution.

Note  Thisfeatureis currently only available for the developmental version of patch 5 ("V
5.0 P5 Dev").

TRACE
1 faur_a

O tracin tretpr
Crtrerst troxtu o=

TRACE
2 four_b

TRACE model

1 Faur

O tracin tretpr
Crtrerst troxt o=

central
secand
third TRACE
fourth 3 four_c
model

O tracin tretpr =
Chtrerst trodtv o=

TRACE
4 four_d

) tracin tretprs
Crtrerst troxtu o=

Figure 23.1. Example Multi-Task Job Stream

Parallel Task Set components contain a set of Parallel Task definitions that determine how the
model will be split up. Any number of Parallel Task Sets can be created and each represent a
different way to split the same model. These task definitions are used to generate parallel input
files as part of a Job Stream submission. During Stream submission, the TRACE model will be
automatically split into multiple input files based on the component selected for each Parallel
Task. The splitting process will also create any EXTERIOR components required in each of the
generated parallel input files.
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ASCI View - FourPartSplit

- No Context Selected -

............................. FourPartSplit L T L 2
............................. Paralle] Task #2 wotkwusrdi i nddrmwd v wnwwwwaw sy

............................. second

free format

*m: SMNAP:Symbolic Nuclear Analysis Package, Version 2.5.8, August 25, 2017
“m: PLUGIN:TRACE Version 2.8.4

*m: CODE:TRACE WV 5.0 PS5 Dev.

m: DATE:11/8/17

numtcr jeos inopt nmat id2o
3 0 1 1 4]
*-*-*TEST PROELEM eciTest_4pipe_serial.inp,
Flow in a closed pipe loop
Driven by incorrect use of the GRAV array -

Figure 23.2. Example ASCI | Viewer
The contents of a Parallel Task Set can be viewed by using the " Show ASCII" right-click pop-up
menu item on that task set in the Navigator. Thiswill show the ASCII input files that will be for

each of the Parallel Tasks defined for that set. A comment header will be included at the top of
each section of the file indicating which task is being written.

23.1. Getting Started

The following is a brief description of how to create and use a parallel task set for an existing
model. Refer to Section 23.2, “Parallel Task Dialog” to for more information about the Parallel
Task dialog.
1. Create anew "Parallel Task Set" component in the Navigator.
Task sets represent a set of parallel input files that will be generated by splitting the model.
Any number of task sets can be created to represent a different way to split the same model.
One task set could be used in a Job Stream to speed the execution of a large model. Many

task sets could be used in a Job Stream to compare the performance difference of splitting
the model different ways.

2. Edit the Parallel Tasks property.
Thiswill open the Parallel Tasks editing dialog.
3. Create one or more "Parallel Tasks".

Each paralld task represents a separate input file and thus a separate TRACE process. For
example: Splitting the stream generator into a separate model.

4. Add the desired components to each task.
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23.2.

For example: The stream generator's pipes, tees, and heat structures. All unselected
components (i.e. everything elsein the model) will be placed in the "Central Process'.

Note  Components can also be added via the right-click pop-up menu much like adding
to a Sub-System.

5. Create anew Model Node.

6. Set the Model Node's "Parallel Task Set" property to the newly created task set.
This will replace the normal "input" connection on the Model Node with the Parallel Task
inputs. The "Central Process' input will always be listed as "central”. The remaining inputs
will be named to match each of the Parallel Tasks defined in the set.

7. Create anew TRACE Job Step for each parallel task in the set.
Onefor "central” and one for each of the satellite processes.

8. Connect the Model Node to each TRACE Job Step.

9. Submit the Job Stream.

Note  The "Parallel Driver" program used to coordinate analysis codes using the Exterior

Communications Interface is built into the Job Stream system. It is not necessary to
run a separate driver instance.

Parallel Task Dialog

Thisdialog is used to manage how the model will be split into parallel tasks. Thelist of Parallel
Tasks is on the left with the Central Process aways at the top. Tasks can be added or removed
by pressing the corresponding buttons just above the list.

FourPartSplit - Edit Parallel Tasks

| T Included in second Available [3]
Parallel Tasks Pipe 2 (2nd Pipe in Loop) Pipe 1 (1st Pipe in Loop)
o] : Fipe 3 (3rd Pipe in Loop)
e Central Process : Pipe 4 (4th Fipe in Loop)
second [1] b
-8 third [0] :
& fourth [0] -
Categories | < All > |v|
| Filter [* |
ok || cancar |

Figure 23.3. Parallel Task Set Dialog
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On theright side of the dialog isthelist of componentsthat areincluded in the currently selected
task and the list of componentsthat can be added. Selecting atask in the parallel taskslist on the
left will update the included and available lists on the right. Components can be added to and

removed from the currently selected task with the Add (<13) and Remove (E{>) buttons. Thiswill
move them from the availablelist to the included list, and vice versa. Thefiltering options bel ow
the included and available list can be used speed the selection of particular components.
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