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Learning goals

* Understand which responses can be tallied on which mesh in
CSAS and TRITON calculations

e Learn how to setup a DEFINITIONS and a TALLIES block

* Learn how to visualize data from 3dmap files with Fulcrum
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CSAS/TRITON mesh tallies

« When used in combination with KENO or Shift,
both CSAS and TRITON support the calculation
of the following quantities over a mesh:

— Neutron flux averaged over mesh volumes
— Fission rate per voxel volume
— Neuftron production per voxel volume (fission source)

e SCALE 6.3 infroduced a DEFINITONS and @
TALLIES block to CSAS and TRITON

« SCALE 6.2 already supported flux and fission
source mesh responses, but with less flexibility

Flux mesh over an FHR
Fast flux, E > 0.625 eV
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CSAS/TRITON mesh tallies

, D
o DEFINITIONS block: This is where we enter general
_ : : definitions that can be used by
>patial grids " multiple tallies
— Energy grids

* TALLIES block: This is where we enter our tallies, using
— Mesh definition for response of interest a grid from the DEFINITIONS block

e Deprecated (still works in 6.3, but not recommended):

— GFX, FIS, CDS keywords directly in the parameter block
- Root-level energy block
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Spatial grid — Overview

o Spatial grids are defined in the READ DEFINITIONS
DEFINITIONS block
 As many grids as needed can be read gridGeometry 10
listed e
end gridGeometry
o Grids are referred to by their integer
identifier read gridGeometry 20
o Spatial grids are limited to Cartesian end gridGeometry
grids

read gridGeometry 30

There are multiple ways to specify @ .
gr]d; end gridGeometry

— Specify explicit coordinates
- Divide arange into a number of intervals END DEFINITIONS

* Alldata are provided in cm Example CSAS/TRITON definitions block
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Spatial grid — Basic input

READ DEFINITIONS

Option 1: List .expl|<:|’r plqnes read gridGeometry 1
— Xplanes <list of x coordinates> end xplanes -10 50 90 end
- yplanes <list of y coordinates> end yplanes 0 32 34 36 38 40 48 72 end

I <list of dinates> end zplanes -0.05 15.0 72.5 end
— Zpldanes <|IsT O Zz coordinares> en end gridGeometry

END DEFINITIONS
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Spatial grid — Basic input

READ DEFINITIONS
Option 2: Divide range into N intervals read gridGeometry 2

- X|ineCII‘ N XI\/\IN XI\/\AX xlinear 30 -10 70
— y“neqr N YMIN YMAX ylinear 10 -20 60

. zlinear 50 -30 40
- zlinear N 7, Zjyax end gridGeometry

END DEFINITIONS
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Spatial grid — Basic input

READ DEFINITIONS

Opftion 3: Divide range into N intervals | ___4 gridGeometry 3

- numxcells=N Xmin=X,, XMAax=X,,yx numxcells=10 xmin=-18.5 xmax=+68.5

— numycells=N  ymin=X,,, ymax=X,,,, | *umycells=25 ymin=-28.5 ymax=+58.5
numzcells=10 zmin=-38.5 zmax=+48.5

— numzcells=N zmin=X,,y ZMax=X,,yx end gridGeometry

END DEFINITIONS
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Spatial grid — Basic input

The spatial grid definition can
be different between the
x-grid, y-grid and z-grid
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READ DEFINITIONS

read gridGeometry 4

xplanes -10 50 90 end

ylinear 10 -20 60

numzcells=10 zmin=-38.5 zmax=+48.5
end gridGeometry

END DEFINITIONS




Spatial grid — Basic input

You can add multiple definitions for each axis;
the boundaries will be combined

READ DEFINITIONS

read gridGeometry 5 Divide range 0-100 cm into & infervals: O, 20, 40, 60, 80, 100 cm
xlinear 5 0 100

1 15 55 65 75 d
Xp-Lanes en Add specific boundaries at 15, 55, 65, and 75 cm

ylinear 10 -20 60
zlinear 50 -30 40

end gridGeometry Final x-grid: 0, 15, 20, 40, 55, 60, 65, 75, 80, 100 cm

END DEFINITIONS
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Spatial grid — Remarks

e Each grid permits a title READ DEFINITIONS

read gridGeometry 4

e Shift requires ’rhe gr!d outermost title "My great group structure”
boundaries to lie within the geometry; | xplanes -10 50 90 end
KENO-VI does not ylinear 10 -20 60
numzcells=10 zmin=-38.5 zmax=+48.5
« Output block “grid definitions” end gridGeometry

displays all grids that are used in the

calculation, including their title END DEFINITIONS
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Energy grld — Overview READ DEFINITIONS

read energyBounds 1

Energy grids are defined in the
DEFINITIONS block

As many grids as needed can be listed

end energyBounds

energyBounds 2

Crids are referred to by their infeger end energyBounds
identifier

energyBounds 3

There are multiple ways 1o specity a grid:

- Specify explicit energy boundaries
- Divide arange intfo a number of intervals energyBounds 10

end energyBounds

- Use a known energy group structure ..
energyBounds

All boundaries have unit eV

END DEFINITIONS

Energy range is 1e-5 to 2e7 eV
Example CSAS/TRITON definitions block
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Energy grid — Basic input

Option 1: List explicit energy boundaries: READ DEFINITIONS

— bounds <list of bounds> end read energyBounds 1
bounds 2e7 0.625 le-5 end

end energyBounds

END DEFINITIONS
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Energy grid — Basic input

Option 2: Divide energy range linearly READ DEFINITIONS

info N intervals: energyBounds 2

- fneor=N . o Linearit 1o 2o
Y u

END DEFINITIONS

Example CSAS/TRITON definitions block
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Energy grid — Basic input

READ DEFINITIONS

Option 3: Divide energy range
logarithmically info N intervals: energyBounds 3

— logarithmic=N E,, E .o, logarithmic=10 le-5 2e7
end energyBounds

END DEFINITIONS

Example CSAS/TRITON definitions block
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Energy grid — Basic input

READ DEFINITIONS

Option 4: Use known SCALE energy

group structure energyBounds 10
56n
- <groups><n> or <groups><p> for known
neutron or (coupled) photon MG libraries bounds 1.1 0.11 0.011 0.0011 end
energyBounds

- Examples: 56n, 19p, 252n, ...
- Group structures mapped according to libraries END DEFINITIONS

listed in FileNameAliases.xt

Example CSAS/TRITON definitions block
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Energy grid — Basic input

You can add multiple definitions within one energy grid
definition; the energy boundaries will be combined

READ DEFINITIONS

energyBounds 10 Use SCALE's 56-group structure

56n

bounds 1.1 0.11 0.011 end Add specific boundaries at 1.1,0.11, 0.011 eV

energyBounds

END DEFINITIONS Final structure: 59-group structure with boundaries from
SCALE’s 56-group structure plus additional specific
boundaries

Example CSAS/TRITON definitions block
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Energy grid — Special case

Special case: energy grid “DEFAULT"

QMK

CSAS/TRITON-MG tallies default to the energy
group structure of the applied MG library

CSAS/TRITON-CE tallies default to the 252-group
structure

You can overwrite these defaults by providing
an energy group structure with label “DEFAULT”

CSAS/TRITON-MG permits only DEFAULT
structures that are sub-structures of the applied
MG library

CSAS/TRITON-CE permits any group structure

RIDGE

ional Laboratory

READ DEFINITIONS

read energyBounds DEFAULT
bounds

2.00000E+07

1.05000E+02

5.00000E+00

1.00000E-05

end
end energyBounds

END DEFINITIONS




Energy grid — Remarks

READ DEFINITIONS

read energyBounds 10

 Each energy grid permits a title _
title "My 56++ structure”

« Output block “energy boundaries” 56n
shows all energy group structures used bounds 2.0E+07 5.2E+00 1.5E-05 end

in the calculation, including their title end energyBounds
END DEFINITIONS
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Tallies — Overview

e Tallies in CSAS/TRITON are limited to MESH tallies (i.e., no cell tallies, no
material tallies, or else)

MESH tallies are used to tally a response (i.e., quantity of interest) over
a spatial grid using an energy group structure of choice

Output files are binary 3dmap files that allow data visualization with
Fulcrum (later slides)

o Available quantities:

— Neutron flux averaged over mesh volumes (flux)
— Fission rate per voxel volume (fission_density)
— Neutron production per voxel volume (fission_source)

e The results are provided in units per initial source neutron
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. READ TALLIES
CSAS MESH Tallies
read mesh 10
response=FLUX
 Response name: grid=1l
B energy= 1
FLUX end mesh
— FISSION_DENSITY
— FISSION_SOURCE read mesh 20
response=FISSION DENSITY
« Spatial grid number from the definitions block grid=2
energy=2
* Energy grid number from the definitions block end mesh
— DEFAULT is permitted as well, even if you haven't
overwritten it! read mesh 30
response=FISSION SOURCE
o Qutput files: grid=3
energy=default
- ${BASENAME}.<response>.3dmap end mesh
- ${BASENAME}.meshtally_<meshID>_<response>.3dmap
END TALLIES

Example CSAS tallies block
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TRITON MESH Tallies

In addition to the records of the MESH block in a CSAS input,
TRITON requires a time array:

— List of time steps starting with 0 for the inifial neutron
transport calculation

— Shortcut ALL requests all time steps
— Shortcut LAST requests data for the last time step

« Reminder: In TRITON, the neutron transport calculations, and
thus the tallying, are performed for the initial geometry and at
the mid-point of each depletion step

« Requesting the mesh tallies only for relevant time steps reduces
the runtime and avoids unnecessary large output files (3dmap
files can be many MB or even GB large)

o Qutput files:
- ${BASENAME}.<response>_time<step>.3dmap
- ${BASENAME}.meshtally_<meshID>_<response>_time<step>.3dmap
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READ TALLIES

read mesh 10
response=FLUX
grid=1
energy=1

time=0 1 2 end

end mesh

read mesh 20
response=FISSION DENSITY
grid=2

energy=2

time=ALL end

end mesh

read mesh 30
response=FISSION SOURCE
grid=3

energy=default

time=0 LAST end

end mesh

END TALLIES

Example TRITON tallies block
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Visuadlization

Sie ps {o load 3d map me in T:;Y)n;fmstpl m,.nedfh:m:a;m:,; 229 = —
F U IC rU m : Available meshes \ /
1. Visuadlize your geometry ' Right-click here to
. show pop-up window
2. Click “*Meshes” button

3. Right-click in the empty
space under “Available
meshes”

4. Select “Load mesh file"”, and
find your 3dmap file

»

Orlgin: (0,0,104.877)
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Visualization

msre.ce_v7.1_endf.csas6.inp msrece_v7.1_endf.csas6.inp : geometry (Line 222)

Top (XY) & Material & Zoom factor 1.51974 ,,,,,, .- Showvieworigih  Controls

Available meshes
msre.ce_v7.1_endf.csas6.meshtally_1_flux.3dmap
msre.ce_v7.1_endf.csas6.meshtally_2_flux.3dmap

. [ gridfwes | <— Tallied response
Each 3dmap file includes: oo

group 1 - abs.uncert.
group 1 - rel.uncert.

« Energy group-wise results —— oz
+ corresponding statfistical error group 2 - reluncert

grid fluxes - total
grid fluxes - total,abs.uncert.

° TO'I'O' reSUH' // grid fluxes - total,rel.uncert.
+ corresponding statistical error

origin: (0,0,104.877)
OAK RIDGE
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Visuadlization

Material
Material + outline

¢ ) f.csas6.inp : geometry (Line 222)
| Outline : L
Top (XY) - Zoom factor 0.985075 3§ Meshe - Show view orlgln‘ ’
Available meshes Overlay + boundaries
msrece_v7.1_Wap V
G e n erq ‘I'e 2 D o r 3 D overl qy msre.ce_v7.1_endf.csast: ~2_flux.3dmap
grid fluxes

lofs:
p ® group 1 - abs.uncert.

“Overlay” to generate colorful Materil

Description

roup 1 - rel.uncert.
. up 2
» Select response of interest and G‘;r;uig'

presentation of results over the
geomertry

group 2 - Neutron flux,group 2

Contours

Contourcount 10 °

v

« Click “Control” button to change B 257555005
the color scale and to modify 3D T 1ate5-20%-5
visualization e e

3.35e-6 - 6.89e-6

. . ) | 163e-6-3.35e-6
« Note the default scale is logarithmic e

* You can choose result ranges I 01405 - 1.680.7
(minimum, maximum) to display B < s5-0-oee

Scale

© Logarithmic
Linear

Orlgin: (0,0,104.87
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v [ ] | [ ] T [ )
ISUAINZAaTION \ e
Instructions
You have selected the mesh cell 18,18,28 .For the
2D plot,please select the independent axis and how
to space the data.

G >

Plot response over x/y/z axis:

Save to clipboard...

Options

Independent axis

-

. Plot using e B

e Obtain overlay plot SR Divide by axisinterval wialig__51ouD

« Right-click on voxel (individual =
mesh cell) and select the | | |
in d ep en d en.l. O Xi S OS HX O Xi S” Or y 0@ Navigation mmco_v7.1_ondfmse.muhhlly_z_flux.3dmlp:;|::.18-18-28.chart group 2 <))
Or Z .1_endf.csas®: group 2

. msic::;u_r\r:;:iendf.csase.meshtall) 6105 - -

« Acknowledge the generation of document > ST e,
a chart-file that shows up in the swie 10t | U
navigation panel ar0s | . .

« Double-click on the series you _ £ S0ty .
want to display to generate the | Double-clicicon SO LR 1
plot sub-item of “series” 5 . .

to display plof. i .
0 _loo‘ | . . | . ‘ool
-90 -60 -30 0 30 60 90
%NOAKllsiDGE X axis
ational Laboratory




Instructions

Visualization 1\ &

Plot response as a function of bkl e B

= to space the data.
e n erg y : — 1 Options
, e S
o Obtain overlay plot L crems it} Plot using
BT Divide by axis interval wid
. . . . . .. linear
» Right-click on voxel (individual et | e
mesh cell) and select the » .
independent axis as “group” and
dIVI SI O n by | e _I_h O r gy 0;@ Navigation ty_1_flux.3dmap.group.19-18-28 .chart groupZ::ble group plot at a=19,b=18,c=28 )
. re.ce_v7.1_endf.csas6.ir group plot at a=19,b=18,c=28
« Acknowledge the generation of a document
chart file that shows up in the i "y :/\-v-—""ﬂ )
navigation panel e 100 | . :
' 107 | ,‘. i
 Double-click on the series you want E :
. £ 108t ¢ T
to display to generate the plot z 3 \
— Clicking "document” over “series” Double-click on b :
creates a slightly different formatted “document” or 100 :
plot; for example, with a logarithmic x- sub-item of “series” | ol
scale

to display plot. e YT
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Visuadlization

 Modify your plot: right-click on plot area and then select "Plot
options”

e Chart files: for each 2D ploft, Fulcrum automatically creates a
chart file for later re-load into Fulcrum; this does not store plot
opftions

o SPF files: save your plot as an SPF if you want to save chosen
plot options

 Create PNG files: Right-click on plot areaq, select “Save cs...
and “PNG”; or take a screenshot

All the fips and fricks on 3dmap visualization are better
explained by demonstration during the workshop.
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Problem: Generate a 3D flux mesh

« Goal: Analyze neutron flux distribution of a  « Analysis:

HTGR mini core ~ Mesh 1
. e Inspect thermal flux and fast flux in 2D and 3D mesh
* Sieps. plots on a linear scale
- Copy starter file “htgr_core_mg.inp” to « Plot thermal flux as a function of the x axis (2D plot)
“htgr_core_mg_tallies.inp” _ Maesh 2:
- Add spatial grid: « Plot flux per lethargy as a function of energy for the
« Xx/y: 40 intervals between —128 and +128 cm core center

e z: 17 intfervals between O and 170 cm
- Add energy qgrid:

« 2-group structure with boundaries: 1e-5, 0.625
and 2e/ eV

- Add flux mesh tallies:
 Mesh 1: specified spatial and energy grid

(o 1D K& (& X& A& (e (& XG

(D X XD (D XD D (D A AP LD A AP XD A&
o (> X@ a (e? a@ @ G

o

XD XD W WeD XD X WD X

P o A

* Mesh 2: specified spatial grid, default energy
grid

D

HTGR mini core
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Solution: Generate a 3D flux mesh

1.24e-4 - 1.30e-4
1.18e-4 - 1.24e-4
1.12e-4 -1.18e-4
1.06e-4 - 1.12e-4
1.00e-4 - 1.06e-4
9.43e-5 - 1.00e-4

Contour count t 256

I 5765 - 6.00e5
I 5.52¢-5 - 5.76e-5
[ 5.28e-5-552¢-5

5.04e-5 - 5.28e-5
4.80e-5 - 5.04e-5
4.56e-5 - 4.80e-5
4.32e-5 - 4.56e-5
4.08e-5 - 4.32e-5
3.84e-5-4.08e-5

Tip: If you want to compare
multiple color plots, select a
custom range for the scale.

8.84¢-5 - 9.43¢-5 | 3.60e-5 - 3.84e-5
| 8.25e5-8.84e5 | 3.36e5-3.60e5
| 7.86e-5-8.25e5 3.12e-5 - 3.36e-5 Range
7.07-5 - 7.66e-5 2.88e-5 - 3.12e-5
6.48e-5-7.0%-5 2.64e-5 - 2.88¢-5
5.89¢-5 - 6.48¢-5 2.40e-5 - 2.64e-5
5.30¢-5 - 5.89¢-5 2166-5 - 2.40-5 Source Custom 8

[ 1.92e-5 - 2:16e-5
I 168e-5 - 1.92¢-5
I 1.44e-5 - 1.68¢-5
I 1 20e5-1.4e5
I o596 - 1205
I 7:19¢-6 - 9.59¢-6
I ¢ 80e-6-7.19e-6
I 2.40e-6 - 2.80e-6

Maximum 1.867000000000000e-4

Minimum 1.048000000000000e-11

I 5.89¢-6 - 1.18¢-5
[ 1.08¢-11-5.89¢-6

I 2.06¢-11 - 2.40e-6

Fast flux Thermal flux

Olimr Ol
] 1074
9.010-5) L — 105 Pay s Tip: Select a precision of 0
510l : L . ’ b and number format “eb” to
. F b4 [ . . .
i : S / . obtain nice exponential
6.010-5| : : g 10° ; number format
x - ] A
=} ® ® - / ?
= 45105} §- 107} is! : Tick Label Rotation 0.00
20108 o R TIT TV W20, 2 3 i Tick Label Type Number
.010-5} ® oo .....C ...... = oL 5 - ..
. ) . 108 f g Tick Label Precision 0
L L] { |
15105 o * Thermal flux . i Tick Label Number Format eb
o0 * Fast flux 00 wold | | L 1 ] ] ] ]
0010° 5% 80 a0 o0 0 80 120 1044 103 10-2 10 100 107 102 108 104 105 106 107
x [cm] Energy (eV)

Flux per unit lethargy as a function of energy
in the core center

Fast and thermal flux at the axial core
center as a function of the radius
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