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SNAP System Architecture
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Design Features

« Platform independent
- Pure Java (JRE 1.4 - 1.5)

- Supported on Windows, MAC, Linux, SUN, HP, etc...
« Common Environment for Performing Engineering Analysis
- Can Be Adapted to Any Engineering Analysis Code

- Supports Model Development, Maintenance, and Analysis
- Highly Extensible and Flexible

e Consistent and Intuitive User Interface
— Minimize Learning Curve for Analysis Codes

- Logical Organization of Model Components and
Interconnections

— 2D and 3D Visualization
— Model Validation Tests




Extensible Design

CORBA Used for All System Component Communication
— Strictly Defined, Well Documented Interfaces
- Easy to Implement New Client Applications
Plug-in Design Used in Client GUI and Calculation Server
— Analysis Code Plug-ins
- Feature Plug-ins
- No Modification of the Base Code Required
JavaBean Component Design
- Custom Beans can be independently developed
- Shared Repository for Contributed Beans
Python Scripting
- User Defined Functions — Calculate Model Input

- Python Data Channels — Post-Processing Calculations,
Animations




Plug-ins

Plug-in API for Adding New Analysis Codes & New Features
— available at: http://www.nrcsnap.com/snap
Plug-in Contains All Analysis Code Specific Functionality

- File 1/0

— Custom Editors

— Component Drawing

-~ Documentation Links

- Component Renodalization

— |nitial Condition Extraction
etc.

SNAP Code Plug-ins (Partial List)

- TRACE
- RELAP5 (MOD 3.3 & RELAP5-3D°)
- CONTAIN
- FRAPCONS3
- MELCOR 1.8.6
- PARCS
COBRA-IE

SNAP Feature Plug-ins

- RELAPS5 to TRACE Vessel Conversion Wizard
- TRACE Data Channel Naming Conversion Ultility
- RELAPS Legacy Model Conversion Utility
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Component Data Model

‘—.' Component Geometry - Pipe 101

* All Component Data is Declared Private

* Views Implement a ComponentListener Interface

*Changes to Component Data are Automatically
Reflected in all Views.

Cell | wolgm*3) | Dxgmy | DZ(my | |

Drawn Components 1,5 Model g : 200 0 0l
3 20.0 0 0.0
Pipe 101 2 00 0 o0
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£ ASCTI View - Pipe 1 @ General [_] Optional v Disabled |~
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9
File Edit Tools Window Help
D& 8 -
Eeur

@ B Animation models

Lo I;] hyppwr_anim.med - (Typical PYWR)™
@ IE TRACE models

v P oW

File Edit View Tools

i EEs g

Heat Structure

Interactive Calculation

2D Views

&= Trace Species

2 Pipe Wall

@ TE “interactive.med - {unnamed)™ = Vertical, 20m, &' Schedule &
@ 8= Model Options Outer Surface = Heated from 2m-18m.
@ T2 Hydraulic Components [3] Boundary Flux
@ Control Svsterns [14] = :‘“" 2 Interactive Variables are used to control:
@= £ Trip Data [0] varable F-————- ...} =
® £F Cantrol Blacks [8] I o AT T eV A LS
&= = Signal Yariables [6] —Fill State Controller : = # Fill State Conditions o
)Eﬁ’ General Tables [0] PrasrE : # Inlet Steam and Vapor Velocities
@I Thermal [1] i i
@ i Heat Structures [1] 5 ! 15
@ 3 Heat Structure 31 B ! =
I User Defined Materials [0] ! Output Signal Variables
f Radiation Enclosures [0] \Void Fraction : ’f
o # Power Data [0] —_14| : T Innar Surface Tamn
[l ©CFL Models [0] o : ar ¢ *p TRmn.
ey | e
1L Exterior [0] vl
o8 CDnnEt_:tanS (3l O | Bttt type am userid component name
g ﬂx] Nlumerlcs il - pipe 21 1 unramed
= Wiews 1] Component Waria |« ncells nodesz junl Junz ens
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R
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———— 1 a a a 1
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| -1
< =
Comments i none E il | it | | R
Component Geometry Cells: 20 E
Initial Conditions ;[\.-'alid Conditions ] ﬁ_--._.
Friction |Fric { 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.... g@ tessage Window _EN
| i ==
| |Accumulator Cption 0] Mo Accumulator . |_ 0
x| WO} | boer compste Message Window
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Single-Window Mode

Model Editor 0.22.9 B ol x|
File Edit Tools Window Help

DS o E - Hver ElE @H00r

© R5 RELAPS models B | || H :
@ E5 "yppwr.rmed - (yppweT éﬁ 2 & s a ¥ @"
@ B Animation models
@ B ~typpwr_anim.med - (Tvpical PwWR Main Steam - ] Main Steam
i= Model Options
& Python Data Source v o S5Rv
@ oF Data Sources [1] P -
@ B" Ranges [4] Turbine Bypass "
& fix) Murnerics [0] *‘ Turbine Bypass
P = views [3]
@ = Primary Full Plant y
B+ Fluid Condition Range Primary
ﬁ* Temperature Range (Fuel) A
ical PWR Model
@ = Primary Vessel TYP
@ = Python Example Feadwsater . 70E.0% = Feedwater
> -
54 CTP: 2.31 %
@ General [[] Optional ] Disabled @ - p o <
Fi : i
Data Source Master: calcsenﬂﬂncal...@ 7 fanx Faed fn S0ssttepis fan Feed
Range Fluid Condition Range 57| |
Wolume ID [108040000 =%
M fvis Alignment |06 (@]
oAwis Alignment (0.5 %
— HL Break
Background Color (204,204,204 | | ~ | &|F L— e —
Border |Nune - ||E &
Command Menu -not set- ﬂ E CLibresk
Curved Fraction 075 [\ =
[ Fluid Condit
|Dialug = | |B = [Temperature) uid Condition
@il L7 1500 2000 (K]
Dialog, . 8 er Charging
| 1260
Foregraund Golor |0, 0,0 L k= 1140 ~5at. Stear
_— 1020
Opague i True (® False K o =
780 o
Orientation South-West * & e Sat. Liquid
| |
= S0l
Outline Width E ||| e
= 00
Pine Width Fraction (0.5 I 300 H
ToolTip Text [volurme-102040000 [| %]
 Primary Funpant || Primamvessel]
Messages
@ Digconnected from: Python Data Source
@ Disconnected from: Master: calcservilocalhostLocallLRS_3081105837
@ Connected to: Master: calcsereMocalhostiLocallLR5_308110537
@ Connected to: Python Data Source
|




Component Navigator

Main Categories

File Edit Tools Window Help

£ Model Editor 0.22.9 1 —|o| x|

DS H« B v ex Bl

Plug-m Nodes W— E5 RELAPS models
TE TRACE models

L_»@ TE “Wiloop.med - fwdloopnewHSy

Model Node — 8= Model Options

/v @ T Hydraulic Compaonents [33]
@ ] Breaks [3]
ll channels o]

| »

R R R R R R

&= Fill= [4]
Heaters [0]

Sub-Categories

Components

@ Logical Representation of Model
@ All Model Data / Views

@ Create, Edit, Delete Components
@ Create 2D&3D Views

£ Pipes [10]
<<:g £5 Plenums [1]
@ &7 Pumnps [2]
@ &7 Pump 4 (545 bkn-loop pump)
@ & main Tube
@ T2 Hydro Congections
@ &7 Pump 13 (5128 loop pump)
&= Frizers [1]
koAl Separators [0]
—+ Single Junctions [0]
@ Il Tees (7]
<} Turhines [0]
&= L} Valves [2]
T JetPumps [0]
& {7} Vessels [1]
@ ¥ Control Systems [10]
@ I Thermal [48]
&= #' Fower Data [1]
I8l CoFL Models [0]

User Defined
Constants &
Equations

{7 Contains [0]

}L Exterior [0]
@ 4 Connections (98]
T @ =) Numerics [0]
X User Constants [0]

Y UserVariables [0]
fi=] Lser Functions [0]
@ = Views [4]
@ = Owverview
= Primary System
= Broken Loop
= Intact Loaop
& Y Animation rmodels

B

Connections:
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etc.

R
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Properties View

4. Properties View - Break 7 ($7% bkn-loop contz ll
o B Break 7 (57% bkn-loop containment) - Di g
= isplay Options
. _ P % T Hydro Connections i’/ play ©p
Mini-Navigator T+ Hydro Gonnection [8]: Yalve B (565 bkn-loop nM/’
................................................................................................................................................................... s Attrlbute
@ General - Help Buttons Popup Help
Component Marme |EE?$ hkn-loop containment
Component Mumber |.‘f‘ ‘/
Break Type |[1] Input Pressure Tahle IBTY &
Temperature Table Option | [0] Enter liguid/gas temp - | BREAK-type optian.
0=notahles input and not a Generalized BREAK (see IBTY = 6);
Fluid State Option |[I]] Last Interp State Held Co... ™ | 1 = input pressure table (array FTE, Card Set 14);
2 =input pressure and temperature tahles (arrays PTE and TLTE, and TYTE if ISAT =
/Descriptinn “none: E 4, Card Set 14, Card Set 15, and Card Set 16);
3= input ahaove tables plus gas volume-fraction table (array ALPTE, Card Set17);
Att b t 4 Camments <hone> E 4 = input above tahles plus noncondensable-gas partial-pressure tahle (array PATE,
1 }l e = ength | a1 (m) Carq Set 1), .
DGSCI'lptIOIlS A= input ahove tables plus solute-to-coolant mass-ratio table (array COMNCTE, Card
Wallme | o 10,0 m3 || set 19, requires 1IS0LUT =1 0Aord 2 on Main-Data Card 9)]:
\lnitial Bem W e Frecan | 1.0 £ B = Generalized-BREAK fluid parameters defined individually by a signal variable ar
: cantral hlock (see Card Mumber 10). Mote: this option is not under direct contral by trip
Initial Mixture Temperwg/-t/ 300.0 (k) |] ID number IBETR (Aord 1 on Card Mumber 4) and the rate of change of the fluid
iti /w-m/ " parameters is not constrained by RBMY 0Wiord 3 on Card Mumber ).
Initial Pres | > 1.0E5 (pa) T = Connected with CONTAM component. All BREAK fluid parameters are defined by
Attribute | 'WT/ 0.0 ipa) H the connecting CONTAM compartment.
4- i
Values Adiacent Pressure Flag ' True @ False ﬂ
hax Pressure Change Rate | 0.0 (pals) |7
Break Table Rows: 3 [0.0,1.0E61,[1.0,1.0E6... |
Rate Factor Table Rows: 0[] IE i B
Attribute » @ Scale Factors Z x ‘
G < Custom Editors
resssure ocale . -
roups \ E Scal I 10 0%
A2 Trace Species
- State Controllers The Main Property View
©- Contan Coupling @ Reflects the Current Selection
Close @ Supports Multi-Selection-Edit
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Custom Editors

Translate Rotate

* Zoom *
\ i

[ Nodalization | Connections |

@Used to Provide Intuitive

Select Axis Azimuthal Sectors | v |

[] Display Actual Positions

Interface for Editing
Complex Data

Sector il eTable Data can be Copied
l-_ = to/from Spreadsheet Apps
FX ;emetm-ﬂhannelﬂ'l;:ﬂ} o x )

13

44
17

43

Axial Hode | Continuity| Continuity| Perimeter|Perimeter M ament Ut ome ntu

Lewel |Length {in)  Factor | Area (in®y | Factor fin) Factor | Area (in®

4112 416 1 2256 1 2256 1 2256

2112 416, .. 1 2256 1 22568 1 2256

212,416, .. 1 2256 1 2256 1 2256

1 1 2256
Close
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2D Model Views

@ May Contain any Component Type. D%
@ Create/Edit/Delete Components and Connections. -

@ Any component can be displayed in multiple views. LT \ = WWWW o s
@ Embed a View into another View to Link Views. - 2
@ Export to Raster or Vector Image Formats.

@ Add Text, Line, Shape and Image Annotations.
@ Model Views Can be Copied to create Animation Views <—

‘@ Layouts can be saved as Templates 3% ) G o

FlIE LCWIL  YIEYW 1UUIlY

5B sl holalo] o]y [el:Ee
s S = A —a"

|" "|

owncomers /Bypass

Noding Scheme

11 nodes: 6.0" sach

Mote:
Diagrams are
not to scale

T L L T T T m T L T T T 1 T T I 1 T 1 T T 1 T 1 I T T 1 T
(=2} ey )
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3D Visualization

3D Hydraulic View -

Fan | % |
Ik 1B e Currently Supported by RELAP5
. e & TRACE Plugins
FIrIES Generate 3D Coordinates
o Rotate Pan & Zoom View
ks P Pivot & Shift used to Move
e 8 Components about Vertical Axis

Export Display for 3D Animation

fouyse Behaviors
i Selection

" Lasso Select
W Move/Rotate
Piwvat

Shift

Cancel
a- | | %
Copy Wiew

Status: Copyy camplete.
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ASCII Views

@ Component “Show ASCII” Menu ltem
@ Automatically Updates When Component Data Changes
@ Syntax Highlighting

< ASCII View - PUMP 113 (IPUMP)

& name type i
1130000 "ipump pump
& area length ol
1130101 15,723 0.0 lag.0
& ar-angle inc-angle d=z
1130102 n.n 33.0 5.81=2
w flagsz
1130103 1
& eht press teup
1130z00 no3 2246, 0 £z9.93
& to area kfor krev flags
1130105 112050002 15,723 n.o069 0.069 1
u flow mfl nfw unused
1130201 1 J3.046455e4 0.0 n.o
w to area kfor krev flagsz
1130109 114010001 12,3741 0.0 n.o 1
& flow mfl nfw unused
1130202 1 3.046455:4 0.0 n.a
& phaze twophase CAiff mtorg tdwel ptrip rewv
1130301 -2 0 -z -1 -1 501 1
& pwel pratio rflow rhead
1130302 1159.0 1.0057 Z2.655e5 277.0
w rtorg imoment rdens rmtor
1130303 0,484 2.46eh 62,4 n.no
Close Refresh
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User Defined Functions

@ Constants/ Variables: — x|

- Can be used to define values in editing dialogs I]T
- Include Engineering Units

- Can be displayed and edited in 2D Views ;
- Parametric Constants generate a set of Calculations HExBIEUELEICme Rt CRiCHlatans

@ Functions: 4 ® 0 O . \

- Python Interpreter et
- Calculate Variables based on Constants and Variables ® ® O

Pellet

b

Gap

Clad

i Spurce Editor - Function: Fuel Element Calcu

Dee

# Define some constants
PI = 3.1415926

LY
*

o~
o000 000
00006000
000606000

L)
LY
LY
LY
B
LY
LY
L
-.]0 ® . ® & @
e "\

r = GetConstant("CHAN CORNER RADTITE™) .
w = GetConstant ("CHALN INSIDE WIDTH™) RODS PER ROW : 8.000000 o

PELLET_RADIUS : 7.620000E-3 m .
# Calculate the Channel Inside Perimet A -

CLAD_INSIDE_RADIUS : 7.650000E-3 -
p=d4% {w- 2% | + [ 2%FIFL ) i 4 P ’,’.
o
# Set the Result CLAD_OQUTSIDE_RADIUS : 7.802880E-3 m ’,.f" i J
SetWariable ("CHAN INSIDE PERIN", p) __,f"
5
_,a” ]

# Now Calculate the flow area ,ﬂ' CHAN_INSIDE_WIDTH : 0.128016 m
chanarea = w*w - (r*r - [ 2 * PI * (¥ Water Rod Detail *~ CHAN_CORNER RADIUS:|  0.012558m

rodsPerRow = GetConstant ("RODI_PER_ROW
mmFuelRods = rodsPerRow*rodsPerRow-Ge
fuelFodarea = PI%*GetConstant("CLAD OUT
waterRodarea = PI*GetConstant (“UWE_OTTS
#

chanFlowdrea = chanarea-| numnFuelRods
# 3et the Reszult

SetWVariable ("CHAN_FLOW_AREAL™, chanFlow

R 7Z711440E3 m
R 77ate20E3 _
s # AN S Calculated VVariables

CHAN_INSIDE_PERIM : 0.490505m
CHAN_FLOW_AREA : 4 SB5552E-3m*~2

NUM_WATER_RODS : 2.000000
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Runtime & Post-processing

@Support for Interactive and Batch Modes as well as Importing Completed Runs
@Provides Access to Plot Data for Client Applications (Animation & Plotting)
@AcGrace (Legacy Plotting Package)

-
® SNAP Job Status 0.24.2 — o=
File Yiew Tools Help
9 lacalhost EO0E 55 calcservy:/ flocalhost, Local
o ] Lacal Calc Tywpe Jok Status Calc Time Started w
(.5 tigger; 5006 t|RELAP Topwr=2 Complete 1298 028687 15:51:54 |~
o= cartman.appliedprog. com: S 00 R .
— = L O E
& PR e |TH x Dutp_utiorTyppwr—E file #0
o O hugs. appliedprog.com:5006 :|Rg File Edit Help
(o] : ATH
= HUgE-> 1108 : T Points Of Interest Goto Find Close
EZEOHMDR EDIT !litime= 400, 261 sec s
52&0 advancement total hetween edits|
EQE attenpted: 1728 48 | min.dt= 0, 265808 seC last dt=  0.453078 SeC ema
ATH  repeated: 5 0 | max.dt= 0500000 seC crnt.dt= 0.453078 SeC tma
AARH cuccesstul: 1723 48 | awg.dt= 0,418873 SeC  err.est= 1.022289E-05 emA
EZE reguested; 1724 48 | reg.dt= 0, 500000 seC Chu= 8. 28000 SEC Tin=
Trip nunber, trip Tine (sec) i
. B0l 11.28245 B02  14.72960 503 12,1170 504 17.15959 505 25
Job Status Tool: 506 1.0352478E-02 507 0.000000 505 -1.000000 509 -1.000000 510 -1.
a\Vi 511 -1.000000 512 0.000000
VIeW StatUS Of A” Runs 1601 -1, 000000 1602 -1, 000000 1603 -1, 000000 1604 -1, 000000 1|05 25
u‘l|nteract|ve Commands 1606 1. 000000 1607 25.34366 1a08  25.34366
. o] Total power fission power gamma power reactivity rec. period
@View ASCII Output (Warts) (Watts) (Watts) (dol1ars) (sec-1)
@ 9, 17100E+07 63862, 9, 16462E+07 -14.851 -1.63465E-02
Delete Runs O5ystenm 1 PRIMARY mass= 2. 23795E+05 ki mass error = 58,003 kg merr.est,=  1.02220E-05
0 %ol.no. pressure voidf iy voidno tenpf tenpy satt-part  uf
(Pa) (k) (k) (k) {1/kg)
1h1 pipe
] [ | M~
Current Line: 42630




Animation Models

& Model Editor 0.22.9 T =10 x|
File Edit Tools Window Help
Des 2 @A« B v e HllE %0 {1 > Tme:u3sis
9 IE TRACE models - E k 9 i
& TE *interactive.med - (unnamecdy™ ‘X’ E‘ % éﬂ-? Hd T|~
@ B Anirmation models N . . =~
o ¢ i Zinteractive_anim.med - (unnamedy™ Anlmatlon
g;ﬂﬁﬁi%ﬂ;zum N COl’ltI‘OlS Output Signal Variables Interactive Calculation Demo.
§ =k Data Sources [1] Vertical, 20m, &" Schedule 80 Pipe
i ;'I: Mastn[a;]: calcseNosULocalILT E'Uteflsurf:ci Inner Surface Temp. Heated from Zm-18m
anges - :
Animation g e e D —
e = Views [3] Data Sources ------ -i,----b- -3“1“5 k nteractive Vari: 82 are u=se 0 Contbro
Models Outer Surface Temp. ® Duter Swurface Heat Flux
< SURFT ® Fill State Conditions
Fill State Controller w7 ® Inlet Steam and Vapor Velocities
315.1 k
q] 2l [» Pressure
T Last Cell Temp
% General [[] optional  [_] Disabled chls —e {ENEE
E.0EE pa sv3
Include in Animation | @ True ) False Ed \oid Fraction 309.2 k
Master Source ® True (O False B [varianie | First Cell Temp
Name Master 2] ke | TENFF
Source Run URL calcsenr/localho... @ @ Sgga_ 0k
‘I;?f :Jj) r: locity Fluid Veloci
chlo — FLUVELX
L0 L) D s
Vapor Velocity = : g
Variable r-—— g
chiL . — Fluid Conditions =
s (Fluid Condition)
. . . 2000 (k)
@ Can be Created Directly from Model Views | fre==meee—- ,
o e — Sat. 8t Reset 0.0
@ Multiple Simultaneous Data Sources Gk (=l
- Analysis Code Calculations | l—sm_ Liquid
- Experimental Data 0
- Python Calculations ||
@ 2D & 3D Animation Dl

@ Dynamic T/H Property Range Selection [ o e
@ Interactive Capability Messages

ed

@ JavaBean Display Elements lease wait..
- Easy to Add New User Defined Beans

CIENTE

Applied Programming Technology, Inc.




Test Suite Analyzer (TSA)

/Cl?at.ch }r;oldel

Script Files

e Collect and Analyze Model Code
Metrics -P‘“g““

ModelEditor

 |dentify Holes in the Test Suite

/-'
 Model
Metrics

Metrics
Specification

* Generate summary and detailed

reports.
« Embedded SQL Database Test S Ansyzes Applcaion
( D E RBY) jggjee 110[;5 Online
Cell 1 Report
. Cell 2
« Custom and free-form queries EEZ}ii
may be used to explore the data.
/;;%a
€
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Currently Under Development

* Runtime Improvements
- On-Demand Startup & Auto-Shutdown (idle timeout)
- Remote Connections
— Multiple Jobs in One Folder & Multiple Root Folders
- On-Demand Folder Scanning (Improved Performance)
- Automatic Job Loading/Unloading
- Runtime Server Configuration (Without Server Restart)

* Animation Plug-in
- Data Source Job Sequences
- Auto-Import Using Local Plot File Selector

* New Java-Based Plotting Package & Demultiplexers
* Animation Recording & AVI Movie Generation

* Updated User's Manual




Contacts

Website:

USNRC Project Manager:
Chester Gingrich
Safety Margins and Systems Analysis Branch
Division of Systems Analysis and Regulatory Effectiveness
Office of Nuclear Regulatory Research

email: cgg@nrc.gov
voice: (301)415-6780

APT Project Manager:
Ken Jones
Applied Programming Technology, Inc.
240 Market St., Suite 208
Bloomsburg, PA 17815
email: krjones@appliedprog.com
voice: (570)204-4052
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