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Learning Objectives

e Describe different methods of visualizihg data and geometry
associated with KENO models

« Demonstrate how these tools can be used for error checking

e Provide examples for further study to allow for optimization of
data/geometry presentation within the SCALE system
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Outline

« Sub module 1: Running SCALE
« Sub module 2: Basic model visualization (Fulcrum 2D & 3D)
« Sub module 3: Results visualization (3dmap)

« Sub module 4: Plotting cross sections
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Sub module T:
Running SCALE




Command line options

« SCALE is executed by the SCALE runtime environment (scalerte)
- Located in the SCALE install directory under “bin”

« Command line options:

- Specity the full path, e.g.,
/coolcodes/scale-6.3.1/bin/scalerte myinput.inp

- Add an adlias to scalerte in your shell settings file

— Basically the same on PC, just different syntax e.g.

« Can also drag and drop onto scalerte or scalerte shortcut
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Fulcrum
e Platform-independent!

o Graphical user interface and integrated development
environment for SCALE input files

e Looks like a text editor, but it's more powerful
- Syntax highlighting and input checking
- Integrated geometry visualization
— Expression evaluation

 Run SCALE directly from Fulcrum
e View messages and/or text output in Fulcrum

o Access files associated with those already opened

% OAK RIDGE Fulcrum reference material provided

National Laboratory




Fulcrum cheat sheet

Shortcufs:

%

CTRL+SPACE - auto-completion
CTRL+/ (Windows/Linux) CMD+/ (Mac) — comment in/out input lines

CTRL+E (Windows/Linux) CMD+E (Mac) — evaluate selected
mathematical expression

ALT+MOUSE SELECTION - column-wise text selection and
modification

SHIFT+ENTER - jump to next row, start at indentation of current row

Input check:

Validation window through lower right corner
View geometry

Additional features:

Run > Mixing table — Check compositions through mixing table
Run > Calculate volumes — Calculate volumes

Right click on tab > New tab group — Use side-by-side view through
multiple tabs

Right click in Mesh panel within geometry visualization — Allows
loading of new mesh data for data overlay

Right click in the Messages panel — Allows termination of running jols
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2 Run v View Edit o

~ HunIn backaroun e Click on arrow

1al  xpand anases XA next to Run to
1. Inputlisting ¥L bl see opftions

[Mixing table|  {+3M
[Calculate volumes |

3 prgblem19 ~*
: : Close tab
Right click on Tab document |  Close other tabs
(file name) to set = Close all tabs |
up multiple tabs =t- :
P P 1=t-d Clone tab__|
2 pwr New tab group| !
3 V7"5 Collapse tab aroup
» Notes:

- Auto-completion does not work if there is a
validation error (including incomplete input) above
the current location

- Validation of array input is limited and cannot
check (1) the consistency between number of
specified elements vs. provided unit number and
(2) whether or not the array completely fills a
shape - use visudlization and run problem with
parm=(check)

- Validation of hole placement is limited and cannot
check overlap between holes or holes with other
shapes = use visualization and run problem with
parm=(check)



Execute options

scalerte [-options] inpuffile OR scalerte inpuffile [-options]
where —options is
-m:  Turn messages on
I Keep the temporary directory
-T: Specify the temporary directory (implies —r). -T /dir/path/
-|: Number of threads used for multi-core processors
-Z: Add the date to the output file name

(makes output name unique)

Example: scalerte -m -T ./inputfile.tmp inputfile
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Other features

e Many more runtime options are available

— "Running SCALE" section of the SCALE 6.3.1 Manual https://scale-
manual.ornl.gov/installing-building.html#scale-variables

— Ortype scalerte (no options or flenames) on the command line to
see A list of the available options on your system

e All these features and additional features can be used

* You can use wildcards to run mulfiple files or add multiple files
to run to the command line

/ run in background
Examples: scalerte mycasel.inp (&

scalerte -m -I 4 mycasel.inp mycase2.inp mycase3.inp
scalerte —m -T 4 mycaseé* /inp

run multiple files
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https://scale-manual.ornl.gov/installing-building.html#scale-variables
https://scale-manual.ornl.gov/installing-building.html#scale-variables

Other useful info

« When SCALE executes, by default it creates a temporary
working directory to store files

— While job is still running, fempdir.path file gives path to working directory
— Also printed in msg file and output file

— Starting with SCALE 6.2, output file is in OUTDIR during execution, so
checking progress no longer requires navigating o TMPDIR

« Have a long-running KENO job you want to wrap up and keep
what has already been calculatede

- Create a file named stop_keno in the temporary working directory
(TMPDIR); the file need not contain anything

- KENO wiill stop running at the end of the current generation and cleanly
wrap up, generating all output and data files
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Other useful info (cont.)

e Use the SCALE environment variables and the shell command
to save files from the temporary directory

— OUTDIR, TMPDIR, BASENAME are most commonly used

- Precede environment variable with “$" and enclose the environment
variable in curly braces: ${OUTDIR}

— OUTDIR should be used instead of RTNDIR
o <" character can be used for file injection of external files

« Example: use the shell command to link and file inject
composition definifions

=shell
In -s /user/coolcodes/composition.txt comp.txt
end

=csasbh

read composition
<comp.txt
end composition
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Qutput files

 Most of the important information (it not all, for particular
problems) can be found in the “.out” file

— Every SCALE run creates a .out file, and most of the results are stored In
this file, including most error messages

— For KENO seqguences®*, an HTML version of the output file that can be
opened in a browser is also created by default: BASENAME.html

 The messages file “*.msg” contains information printed to the
screen: this file can provide useful error messages that may not
be contained in the output file

— Note that on Windows this file extension is associated with Outlook,
which can’t open it: you'll need 1o “open with” Fulcrum, Wordpad, or
other text editor

*For Windows, SCALE 6.3.0 and 6.3.1 will create an html file but it will be empty.
Functions on Linux and Mac and in 6.3.2. A fix is available to implement.
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Sub module 2:
Basic model visualization
(Fulcrum 2D & 3D)




Fulcrum plofts

Interactive, quick and easy to generate while editing a model

Navigate to “geometry” in file structure, right click -> visualize
— OR Ctrl+Shift+V (visualize) OR click view -> geometry

XY, XZ, and Y/ planes are available with sliders to move through geometry
3D visualization new with SCALE 6.3.1
Provides global coordinates of mouse pointer tip

Can position cut plane precisely by setting origin

/oom: click upper left/lower right, or use zoom factor field

Shift+click to pan
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More about Fulcrum plots

e Can visualize mesh-based data (3dmap files) on real geometry

e Can select to display outline or not along with material, overlay
or neither

e Click and drag to left to reset frame

» Right-click on figure to change colors or save image
- Hide materials when in 3D view
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More about Fulcrum plots

e Can visualize mesh-based data (3dmap files) on real geometry

 Can select to display outline or not along with material,
overlay, or neither

e Reset of frame in 2D is click and drag to left

» Right-click on figure to change colors or save image
- Hide materials when in 3D view
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Some Fulcrum plots
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figsion rate-fission
rate

I 55606 - 5.63E-06
I 07506 - 5.35E-06
I .5 1E-06 - 5.07E-06
I 4. 57E-06 - 4.81E-06
I 4. 34606 - 4,57E-06
N 4. 11E-06 - 4,34E-06
[ 3.90E-05 - 4. 11E-06
[ 3.71E-06 - 3.90E-06

3,52E-06 - 3, 71E-06

3,34E-06 - 3.52E-06

3,17E-06 - 3,34E-06

3,01E-06 - 3, 17E-06

2,85E-06 - 3.01E-06
[ 2.71E-06 - 2.B5E-06
[ 257806 - 2. TIE06
[ 244506 - 2,57E-06
[ 2. 31E06 - 2. 44E-06
[ 2. 20E06 - 2,31E-06
[ 2.08E-06 - 2,20E-06
[ 1.98E-06 - 2.08E-06
[ 1.8BE-06 - 1.98E-06
[ 1. 78E-06 - 1,88E-06
I 1.59E-06 - 1,78E-06
I 1.50E-06 - 1.69E-06
I 1. 52E-06 - 1.60E-06
I 1. 45506 - 1.52E-06
I 137506 - 1.45E-05
I 1. 30E-06 - 1.37E-06
I 1. 24505 - 1,30E-05
I 1. 17E05 - 129606
I 1. 11E-06 - 1,17E-06
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Some Fulcrum plots
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Fulcrum visualization

File Edit View Run Hel

Eo) | | material | Zoom factor] 152,324

FFFFFF

e Click
“Conftrols”
just above
middle of
view pane

e Defaults to
“*Materials”

e Uncheck
void (Mix. O)
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The statue emerges

b SCALE
File Edit View PRun Help
Reload Save Saveas Closetab FPrint | Cut Copy Paste | Undo Redo | Find

Navigation B X cmmetinp 0] emmetinp : geometry (Line 15) [EJ

from the block

. | [ ~ | | Material ~ | Zoom factor| 159.324

View presets...

~ Meshes

Show view origin

Controls.

i Material
~ emmeting laterials Mesh Camera Cuts

> document

Material IDs

Clear

Material Color Opacity (%) Show
o 100

O

1

g B
@ ®

g 8
@ =

g
&

g
©

Mixture:
Density {g/cc):
Temperature (K):

Muclide Density (atoms/b-cm)
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Origin: (2.24499, -1,18375, 3.3725)%
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ight-click on image, select number —- change color

b SCALE
File Edit View PRun Help

Reload Save Saveas Closetab Print | Cut Copy Paste

Undo Redo | Find

- X

View presets...

~ Meshes

Show view origin

Controls

Navigation B X emmetinp L]  emmetinp : geometry (Line 15) [E]
Fiter Ex) ~ [ Material ~ | Zoom factor| 159,324
~ emmet.inp Materials ~ Mesh ~ Camera  Cuts

document Material IDs
Clear

Material Color Opacity (%) Show
0 100 O

1 100

2 100

4 100

6 100

Mixture: [

Density (gfcc):  1.040000e-+0
Temperature (K): 293.00

Nuclide Density (atoms/b-cm) 2
1001 5.038231e-2
1002 5.794743e-6
6012 4.398437e-2
6013 4.757230e-4
04 2.953217e- s
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Origin: (2.24499, -1.18375, 3.3725),



Click on cameraq, rotation step 20°, click left arrow («

el SCALE
File Edit View PRun Help
Reload Save Saveas Closetab Print | Cut Copy Paste | Unde Redo | Find

Navigation B X emmetinp [[]  emmet.inp : geometry (Line 15) £

Filter ‘ D | Material b Zoomfacborllsg&z‘l View presets... ¥ Meshes Show view origin | Controls

Ci
~ emmetinp Materials Mesh amera Cuts

document Position

% [1.68374582404827278e 40 |

v [2.7499944320643548%¢ +0 |

7 [3.372499721603218111e 40 |

t

Qrientation

% [0.00000000000000000e +0 |

v [5.00000000000000000e -1 |

7 [2.25000000000000000e +0 |

Reset
Rotation step size
t
— —
Presets
Isometric Top
Front Right side

Miscellaneous

Zoom factor 159.324

Outiine threshold

Origin: (1.68375, 2.74499, 3.3725),
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et rotation step 30°, click up arrow

e SCALE
File Edit View Run Help

Reload Save Saveas Cosetab Print | Cut Copy Paste | Undo Redo | Find

MNavigation B8 X emmetinp [[]  emmetinp : geometry (Line 15) £

Filter [E: = | | Material ~ | Zoom factor|159.324 View presets... = Meshes Show view origin | Controls

[«
~ Temmet.np Materials ~ Mesh amera | Cuts

document Position

X [1.79991582195142141e 40 |

v [2:89322109593523003e +0 |

7 [1.81898958472095074¢ +0 |

.

Orientation

X [0.000000000000000002 +0 |

v [5.000000000000000008-1 |

2 [2.25000000000000000e +0 |

Reset
Rotation step size
- -
L
Presets
Isometric Top
Front Right side

Miscelaneous

Zoom factor 159.324
Outine threshold

Origin: (1.79492, 2.89322, 1.81899),

Everything is awesome!

%OAK RIDGE

National Laboratory




Can also change material opacity

i SCALE

File Edit View Run

Reload Save Saveas

Navigation

Cut

& X

Filter

~ emmetinp
> document
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Copy Paste | Undo Redo | Find

emmet.inp || emmet.inp : geometry (Line 15) [£)

) | | material ~ | Zoom factor| 173,023

View presets...

 Meshes

Show view origin

Controls

Materials Mesh Camera  Cuts

Material IDs

Clear

Material Color Opacity (%) Show

0 100 ]
1 100

2 50

4

. -

.

Mixture: 5

Density (gfcc):  1.040000e+0
Temperature (K): 293.00

Nuclide Density (atoms/b-cm) ~

1001 5.038231e-2
1002 5.794743e-6
6012 4,398437e-2

6013 4.757230e-4

7014 29532173 N

Origin: (1.79492, 2.89322, 1.81899).
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Modification of cufts

e After cut is made:

— Click on cut in fop pane

- Make changes to cut in middle pane R
— Click save at bottom right o J—

Clamp to bounding box

o Cut offsets
e OR
°

x |D.DDDDDDDDDDDDDDDDDE+D

i |D.DDDDDDDDDDDDDDDDDE+D

— Clickremove just below top pane 2 amomoromoromone

Rotation

« Cuts can also be named for convenience =
s oo ]

These angles correspond to the Euler angle convention,

* Al: rotation about Z
* AZ: rotation about ¥’
* AZ: rotation about 2"

Add Save
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Create 2D slice plots of geometry

e Define upper left and lower right corners of rectangle in global
geometry to trace picture

— XUL, YUL, ZUL and XLR, YLR, ZLR

e Select orientation of plot
- Typ=xy, yz, xz (EASIER)
— Or specity direction cosines uax and vdn (HARDER)

e Specity number of pixels across OR down
— nax or ndn — larger numbers more resolution
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Colors in 2D plots

 Ordered quadruplets of mixture #, RGB values

e FOrmat:
~ CLR=MX#RGB MX# R GB ... END COLOR

e As in other parts of SCALE, void is mixfture O

 The same color can be applied to mulfiple mixtures

e Example:
—clIr=1000 2230230120 300 205 end color

e Default/sample color codes in Table 8.1.22 of the manual
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Example 2D plofts
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Sub module 3:
Results visualization

(3dmap)




Mesh tally plotfting

 Fission source mesh tally developed for use with Monaco in
criticality accident alarm system (CAAS) analysis

 Expanded in SCALE 6.2 with multiple mesh capabilities

 Tally results generated in 3dmap file, which can be used for
visualization in Fulcrum

o Available tally guantities:
— Fission neutron production (CDS)
- Flux averaged over voxel (GFX)
- New in SCALE 6.3: Fission rate averaged over voxel (FIS)
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Grid geometry specification

e Specity tally mesh in Grid block
— Can specify xplanes, yplanes, and zplanes
— Provide xlinear, ylinear, zlinear
— Or both = SCALE will remove duplicates
- Example:

read grid
xplanes=2p8 2p7 2p6 2p5 2p4 2p3 2p2 2pl 0 2p39.6 end

yplanes=2p8 2p7 2p6 2p5 2p4 2p3 2p2 2pl 0 2p39.6 end
zplanes=-30.6 60.1 end
zlinear 30 0 30

end grid

e Each grid must be specified in a separate block
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Visualization

e BaseName .fissionSource.3dmap file generated and refurned

« Can be opened in Fulcrum

— Click meshes button:

LEU-COMP-THERM-097-017.inp [ LEU-COMP-THERM-097-017.inp : geometry (Line 90) EJ

Top (X-Y) -~ | Material ~ | Zoom factorll * Meshes )Show view origin -~ Controls  Fission source

— Right-click -> Load mesh file:

LEU-COMP-THERM-097-017.inp [ LEU-COMP-THERM-097-D17.inp : geometry (Line 90) £

Top (X-Y) ~ | | Material ~ | Zoom factor|1.29596 ‘ Meshes Show view origin  Controls  Fission source

Available meshes

Load mesh file
Reload mesh file
Remove mesh file
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Visualization (cont.

Top (¥+) Front (X-Z) Side (Y-Z) 30 | Meshes

Available meshes
[ group 251 - abs, uncert,

« Select quantity to display: O s 311 ncer

] group 252 - abs. uncert,

ate - total, rel. uncert.
2c8_arrays_k5_CDS.gridFluxes.3dmap

Material - |1.282:L!( zoom = | Show view arigin

e Display data overlay or overlay and mesh boundaries

Top () | Front (X-Z) Side (Y-Z) 30  Meshes

— Overlay vs. Overlay+Boundaries  [asenene

[] group 251 - abs. uncert.

[] group 251 - rel. uncert.

[ group 252

[] group 252 - abs. uncert.

[] group 252 - rel. uncert.

fizsion rate - total

[] fission rate - total, abs, uncert.

[] fission rate - total, rel, uncert.
2c8_arrays_k5_CDS.gridFluxes.3dmap

Material * | 1,2821x zoom +| Shaow view origin

Material
Material + outline
Cutline

Cwerlay + boundaries |
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Visualization (cont.)

» Probably want color scale to
be linear

« Can set data range for color
display
- Select "Custom” from drop down
- Type desired min and max values
In appropriate fields
e Set number of color fields

- Can combine with range to
make convenient bins
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Scale

Range

Source

- 3.80e-05 - 5.70e-05
B .50<-05 - 3.80e-05
- 6.60e-08 - 1.90e-05

() Logarithmic

inear

Custom -

Maxirmum

5.000000000000000=-04

Minirmum

1.000000000000000e-09

Contours

Contour count |25 |5

4.80e-04 - 5.00e-04
4.60e-04 - 4.80e-04




Visualization (continued even more)

« Can create 2D plot along X, Y,
or Z axis

- Right-click in desired location ->
Create plot -> Independent axis O

wsh Fulcrum

e Creates and opens new 2D
plot (in ptp format) to be e e ™

visualized within Fulcrum
_ DOUble_C”Ck on “DOCUI’T]GHT” _I_O Independent axis

QOO
O

O

H BN
I@_;_@

COIOIOOIOIOI0

Plot using ’ ax;s
g e n e rO Te p | OT Divide by axis interval widths E.fﬂ
Mavigation g X
|Filter |

“ document

v 5_pins_in_tank_cds-mesh_lcm_ax-Propoga
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y axis plot at a=-0.659644, b=14.750000 generated on Thu Jan 28 10:24:51 2016

I

Example CDS plofts

IOuerIay ;” 4,7000x zoom j

fizzsion rate-fission
rate

I . 05E-04 - 4.25E-04
I :.c0E-04 - 4.08E-04
I . 72E-04 - 3.30E-04
I =.55E-04 - 3.72E-04

o

red

N =.35E-04 - 3.55E-04
[ 3.23E-04 - 3.38E-04
3.08E-04 - 3.23E-04
2.94E-04 - 3.08E-04
2.81F-04 - 2.94F-04
2.68E-04 - 2.81E-04
2.55E-04 - 2,68E-04
2.44E-04 - 2,55E-04
2.33E-04 - 2. 449604
2.22E-04 - 2,33E-04
2.12E-04 - 2,22E-04
[ 2.02E04 - 212604
[ 1.93E-04 - 2,02E-04
1.84F-04 - 1.93E-04
1.76E-04 - 1.84E-04

z axis plot at x=-0.622537, y=0.643289 generated on Thu Jan 28 10:32:49 2016
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@

x axis plot at a=0.518781, b=14.750000 generated on Thu Jan 28 10:31:14 2016

[Ep oo e reers

oo He
@

OO\

@

fson rate

-axis O

1
T

:
11

O

E] E] ]

Also: see summer 2012 SCALE Newsletter .
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Example GFX plots

1.19e-03 - 247e-03
5.74e-04 - 1.19e-03
2.77e-04 - 5.74e-04
1.34e-04 - 2.77e-04
6.45e-05 - 1.34e-04
3.11e-05 - 6.45e-05
1.50e-05 - 3.11e-05
7.24e-06 - 1.50e-05
3.40e-06 - 7.24e-06
1.69e-06 - 3.49¢-06
8.13e-07 - 1.69¢-06
3.92e-07 - 8.13e-07
1.89e-07 - 3.92e-07
9.13e-08 - 1.89e-07
441e-08 - 9.13e-08
2.13e-08 - 4.41e-08
1.03e-08 - 2.13e-08
4.95e-09 - 1.03e-08
2.39e-09 - 4.95e-09
1.15e-09 - 2.39%¢-09
5.56e-10 - 1.15e-09
2.68e-10 - 5.56e-10
1.29e-10 - 2.68e-10
6.24e-11 - 1.29e-10
3.07e-11 - 6.24e-11
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g
3
g
g
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5
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=
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Logarithmic scale

Linear scale
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Contours

Contour count

-0z 24703
B 703 - 23703
2.17e-03 - 2.27-03
[ 207e03- 21703
1.97¢-03 - 2.07¢-03
1.88¢-03 - 1.97¢-03
1.78¢-03 - 1.88¢-03
1.68e-03 - 1.78¢-03

[ 158e-03- 16803
I

1.48e-03 - 1.58e-03

I 138003 - 1.48c-03
[ 128003 - 1.38¢-03
1.18e-03 - 1.28¢-03
[ 1.09e-03- 11803
[ o87e04- 10003

8.88e-04 - 9.87e-04
7.89e-04 - 8.88e-04
6.97e-04 - 7.8%-04
5.92e-04 - 6.97e-04
4.93e-04 - 5.92e-04

oo 2051
B 2 o5 - 3951

1.97e-04 - 2.96e-04

s 197w
I z01e-11 - 0.67e-05
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Flux by group, divided by lethargy (logarithmic bin width)

One of the central rod locations Reflector location, just outside tank

P ot
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;iﬁ?\ li 0.0001 * x !ﬁ% . 5
Lot T s n . EY LR ’i
o] [ E " “ % £, s -
784 B 3 2 el Ta T certhmEaige t T
1t
. %;;ﬂiﬂ !
v

10000 100000 106 w s oot oot oer ot 1 _®  _mo w00 10000
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Sub module 4: |
Plotting cross sections Tt
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Plotting Multigroup Cross Sections

« AMPX-formatted multigroup data
— Open multigroup library
- Navigate to data directory: c:\scale-6.3.1\data

o Examples:
—scale.rev05.xn252v7/.1 — 252-group ENDF/B-VII.1
—scale.rev04.xn56v7.1 — 56 group ENDF/B-VII.1
— Nuclides available to plot appear in file free (in alphabetical order)
- Browse to desired data and double-click to plot or right-click for more options
o Example: scale.rev05.xn252v7.1->b10->Neutron->Reaction Xsecs->b-10 n,alpha
— Can use filter to reduce options
» Filter can be slow—especially, for some reason, when deleting it
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Plotting continuous energy cross sections

e Similar to plofting multfigroup data, but “open continuous-
energy data”

e Select xml file for desired library
- Example: ce_v7.1_endf.xml

%OAK RIDGE

National Laboratory




Plotting multigroup covariance data

« COVERX-formatted cross section covariance data
— Similar to cross section libraries, but Yopen covariance library”

- Examples:
e scale.rev08.252groupcov/.1
o scale.rev08.56groupcov/.]

- View energy-energy covariances to plot
— Double-click for matrix plot
— Right-click for standard deviation plots

Let’s visualize some data!
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Example plots

239Py fission vs 238U absorption cross section

— pu-239 mt=18 fission 293 K xs
10000 ¢ — u-238 mt=27 absorption 293 K xs
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Example plots, cont.

239Py fission (CE) vs 237Pu fission (MG)

— pu-239 mt=18 fission 293 K xs
10000 - . ~ pu-239 mt=18 fission
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Questions?
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