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Introduction & Motivation

Objective: Provide a utility (among other utilities) that improves MCNP
analysis post-processing and visualization capabilities.

» Much recent work to improve MCNP post-processing and visualization
» Goals: Portable, open, easily interrogated by a user, no dependencies
» Mesh tally-to-VTK conversion
» EEOUT-to-VTK conversion (Kulesza and McClanahan, 2019)
» Enables interactive, 3-D, visualization environments (e.g., ParaView)

» Why do this?
» Provide physical insight into behaviors and trends
» Error mitigation (easier to “see” errors than “read” them)
» Improved communication with collaborators

> Why now?
» Analyses are getting ever-more complicated
» More flexible build, test, and deployment capabilities

A
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MCNPTools Overview

» Born out the continual need to process MCNP outputs

» Provides object-oriented access to MCNP output files
1. mctal files
2. meshtal (column-formatted Type B) files
3. ptrac files
4. LNK3DNT files

» Written in C++ and bound to Python (and Perl) via SWIG
» Its true power: easily create custom post-processing applications

» Also includes utilities for common tasks

» First distributed via RSICC as version 3.8.0 with MCNP 6.2
» Currently at version 5.1.0
» Currently pursuing open-source release

» Discussed in MCNP Introduction and Intermediate Classes
A
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Pre-existing MCNPTools Utilities

13dinfo
13dcoarsen
13dscale

mctal2rad

mergemctals
mergemeshtals

meshtal2vtk

A
o I:c—)jsAIamos

NATIONAL LABORATORY
EST.194.

Prints information about a LNK3SDNT mesh file such as the
geometry type, size of the mesh, and number of materials,

Coarsens a LNK3DNT mesh to reduce the overall number of
mesh voxels and re-smears material mixing fractions,

Scales a LNK3DNT mesh (e.g., to convert from centimeters to
inches),

Converts a text-based synthetic radiograph tally to a TIFF image,

Merges statistically independent tally files by computing aggregate
mean and relative uncertainty values,

Merges statistically independent type B mesh tally files by
computing aggregate mean and relative uncertainty values, and

Converts a mesh tally file to one or more ASCII XML-based
StructuredMesh VTK (.vts) files.

UNCLASSIFIED Slide 6/20
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New Utility: 13d2vtk (MCNPTools 5.1.0)

» Converts spherical, cylindrical, and Cartesian LNK3DNT files to ASCII
XML-based StructuredMesh VTK (. vts) files

» C++ application subject to serial processing

. |
Buildings  Land
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Building, Testing, and Installing 13d2vtk

» MCNPTools is provided with pre-compiled binary executables
» Python wheel (.wh1) files are also provided

» MCNPTools and its utilities are configured with CMake

» Linux & macOS build, test, and installation steps:

1. mkdir build && cd build

2. cmake -DCMAKE_BUILD_TYPE=Release ..
3.
4
5

make

. Ctest
. make install

» Windows build, test, and installation via CMake GUI

> Itis expected that all ctest tests pass, if not: seek help

A
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Using 13d2vtk

io o s wn o

10
11
12
13
14

16
17

> 13d2vtk --help
USAGE: 13d2vtk [--version] [--verbose] <LNK3DNT> [OUTPUT]

13d2vtk converts a LNK3DNT file into an XML-formatted
StructuredGrid (.vts) VTK file.

OPTIONS:
--version, -v : Print version and exit

--verbose, -V : Produce standard output giving status
(Default: False)

LNK3DNT : LNK3DNT file name to convert

OUTPUT : Converted LNK3DNT output name
(Default: lnk3dnt.vts)

> 13d2vtk -V godiva_lmm_eighth.lnk
Processing file: godiva_lmm_eighth.lnk
Found 3-D Cartesian (x,y,z) geometry.
Reading materials...
Constructing VTS file...
Writing VTS file...
Done.

°
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Example Problem Description

» Fissile Material Storage Vault

» A room has an incomplete array of PuNO;3-containing cylindrical tanks
» A room has a small Pu sphere 1.5 m from the floor
» Relatively few neutrons will travel from one room to another

» Loosely coupled system
» Adapted from an MCNP Ciriticality Class Case Study
» Mesh tally added consistent with LNK3DNT mesh

» Used as an example here because it

» |s uncomplicated but of a size scale that is “interesting”
» Demonstrates representing curvature on a Cartesian mesh

A
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Plan View of Geometry

ece ) PLOT WINDOW.
10/29/19 16:45:46

vault0d.txt - combined system

DN ‘ LF ‘ Origin 1 Zoom 8 1
of the storage veult

probid = 10/29/19 16:45:35 1
basie: XY

( 1.000000, 0.000000, 0.000000)
( 0.000000, 1.000000, 0.000000) R

origin:
( 650.00, 300.00,  150.00)
extent = ( 650.00,  650.00)

MBODY on FMESH

ck here or picture or menu
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eoe

10/29/19 16:45:58
vault0d.txt - combined system
of the storage vault

probid = 10/29/19 16:45:35
basis: XY

(1.000000, 0.000000, 0.000000)
(0.000000, 1.000000, 0.000000)
origin:

( 650.00, 300.00,  150.00)
extent = ( 650.00,  650.00)
Mesh Tally 1

1

ooswn

fmesh4:n geom=xyz out=col

origin = 0 -100 -100

imesh = 100 600 760 806 960 1100 1200 1300
iints = 5 25 25 58 5 5
jmesh = © 200 360 600 760

jints 5 10 25

75 5
kmesh 0 2 150 204 300 400
kints = 5 1 4 6 5

LABEL L1 off L2 off

MBODY on | FMESH 4 | LEGEND off

Click here or picture or menu

) PLOT WINDOW.

Plot>

Geometry with Superimposed Mesh Tally Grid

» Los Alamos
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Geometry with Mesh Tally Results

ece
10/29/19 22:43:04
vaultod .txt
of the storage vault

combined systen

probid = 10/29/19 16:48:31
basie: XY
(1.000000, 0.000000, 0.000000)
(0.000000, 1.000000, 0.000000)
origin:
( 650.00, 300.00,  150.00)
extent = (  650.00,  §50.00)
Mesh Tally 1
nps 2999443
runtpe = runtpg
dunp. 2
Value for mesh tally 4
8.4154-8 0.307
- 650.00, 300.00,

MBODY or FMESH A

here

or picture or menu

) PLOT WINDOW.

w o]

0004

000089,

00002,

0000045,

000001

150.00

Plot B
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Cards to Produce LNK3DNT File (Run as mcnp6 m i=...)

ece X! PLOT WINDOW
10/29/19 16:45:58
vaultod.txt -- combined system ‘ 9P l RT | N l LF ‘ rigin 1 Zoom : 10
of the storage vault
probid = 10/29/19 16:45:25 cel
basie: Y —
(1.000000, 0.000000, 0.000000)
( 0.000000, 1.000000, 0.000000) tho
origin: [
( 650.00, 300.00, 150.00) len
extent = ( 650.00,  650.00) 1
] fel
2
3 origin = 0 -100 -100
4 imesh = 100 600 700 800 900 1100 1200 1300 put
5 iints 5 25 25 50 5 5 mat
6 jmesh 0 200 300 600 700

jints 510 25 75 5

8 kmesh 0 2 150 204 300 400 win

9 kints= 5 1 4 3 6 5

10 ¢

11 dawwg points=10 od

12 block=1 ngroup=16 isn=16 iquad=4

13 block=3 libname=mendf5 lib=ndilib

14 block=5 trcor=diag srcacc=dsa diffsol=mg isct=2 u

15 block=6 massed=1 edoutf=3 Lot
xyz - 650.00, 300.00, 150.00 £111
CURSOR Restore CellLine i
Postscript nonu

0 Li

L2 off

MBODY on | FMESH 4 | LEGEND off

Plot>

Click here or picture or menu ‘
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ParaView Interface Overview

Paaviewss0 868t
PP BERO®wa F k@ KAD>D>ME o 0 0By B
H ow R T < °

S| i Representation o

cX ey BABiRC R BG
&

G v smssnin ot

+ oo olo Map Eitor
Ao om AR REREBERAN 22N Rendorview! 0 8 0 00 oo - 5
‘Array Name: <none>
render views ([
nformation
-] Properties.
Apply Reset Delete
Search... (use Esc to clear text) &
= Properties 3 &
2
= Display 3 e x oy
= View (Render View) 3 & & W
- Animation View

Aves Grid Edt Mode: Sequence EIrime 0 Start Time: 0 & End Time: 1 & No. Frames: 10

Genter Axes Visibity Time 0166667 0333333 05 0.666667 0833333 1
Orientation Axes @ Timekespert-Time | |
2 Orentation Axes Viiity & oo .

Orientation Axes Interactivty
@ Overtton nes Label Coor i
©) orentton Axes Outie Colr i
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Load Geometry

®

r)

ParaView 5.6.0 64-bit

<0 > I>Df & immeo oo B, B &\,
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iR BEEAN22R RenderView! © 5 0 0 ©

e e
2 BRO» &F & @
B & @R 50 et @ ©@maeriiominn
00 m——
8 buitin:
+ © vaultOd.vts
nformaton
15 Properties.
Apply Reset % Delete ?
Search ... (use Esc to clear text) 3
sperties (vaultod.vts) 53 8 o W
[S]

ant
materialdominant
play (StructuredridRepresentati | 3 | B & W
o [ surtace
terial dominant &
w @ ¢t e S R
storing
iclars
oate Scalrs Before Mapping

I
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material_dominant
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Clip / Style Geometry & Legend

o0

L] L] ParaView 5.6.0 64-bit
& ERO»® &F & F DD DD meo oo i® B, 8,
B & &R & et e ©mueiadominan [ o Surface
E90DQB® %O ® e NP 4
00 Pipeing Browser 4
1 buitin: | omizn aReuEE &AL 220 Renderview1 1|5 0 0 0
Qnumn.m
® Threshold1
+ © clipt
T otormation
——
Apply Reset % Delete ?
Search ... (use Esc to clear text) 3
= Properties (Clip1) 3 B (-]
e —
Normal 0 o ;
Note: . PuI
‘mesh point 6
N B Concrete 3
Fvoma . o
Reset Camers o Norml PUNO3§ O
Reset to Data Bounds &« S
ofse o Steel

Bl BBEC 2 BCGQ v i o

Color Map Edtor
Search... (use Esc to clear text) @
‘Array Name: material_dominant

Automatic
Rescale Range  Grow and update on ‘Apply"
Mode

Interpret Values As Categories.
Rescale On Visibilty Change

Annotations.
Valve Amataton
® 2 w =
O 3 Cconcrete 5
® 4 P03 a
O 5 st 5
&
z
Enable opacity mapping for surfaces
Color Mapping Parameters.
ColorSpace s B
@ Non Color

NanOpacity

Color Discretization
Discretize

Number Of Table __

Values =

render views (D

-] 2. &
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Insert Mesh Tally, Reformat as Isocontours, and Rescale

L] L] ParaView 5.6.0 64-bit

BO»®o F @ KAD>DDM S mmeo o i® B, 8, 8,

S o e Kt a2 B2 2 BEOQ wmw mmn me
P8 YOE2 Gy x.

00 Pipsine Browser .

i buitin: Ao om AR REREBERAN 22N RenderView1 1 5 0 0 0

oF @
ek

© Thresholdt
* | @i
&0 meshtal a.vts
© CellatatoPointDatat
© Contourt

+ ok

N omaton

15 Properties.

Apply Reset 3 Delete ?
Search... (use Esc to clear text)

Luminosity o
Ambent —_— 054
Diffuse - Sh
Edge Styling

@ oo coor

ke Pul
EEiCD Follow Frontface
@ Backfoce iffuse Calor X

O eatn etz P Concrete =
I | +—
i 1 £ 10006 4.60-04 PuNo3]| kS

Tansaion-es0 Neutron Flux Steel

eria

°
NLA?(?UA!EO'!A‘T?R% UNCLASSIFIED Slide 18/20

EST.1943




Summary & Future Work

Summary
» Provided update on latest MCNPTools capabilities and plans
» Presented new LNK3DNT-to-VTK (13d2vtk) conversion utility
» Also demonstrated mesh tally-to-VTK (meshtal2vtk) conversion utility

» Showed how to combine mesh tally results and voxelized geometry
» ParaView used herein
» Any application that supports VTK is permitted

Future Work

» Migrate MCNP output files to more-common HDF5-based formats
» Runtape, ptrac, UM EEOUT, mesh tally

» Create interactive 3-D representation of CSG

A
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Geometry with Unscaled Mesh Tally Results

cel

imp

rho

£111

19k
nonu

pac

'\ PLOT WINDOW

vauleot.tx - conbined eysten [oe [ [on [or | onam | o o
of the seorage vault
probid = 10/29/19 16:48:31
bacies n
( 1.000000, 0.000000, 0.000000)
( 0.000000, 1.000000, 0.000000)
origin:
(  650.00, 300.00, 150.00)
extent = ( 650.00, 650.00)
sosh Tally .
e 2950145
runtpe = runteg oot
aump 2

000014,

Lo

200
Value for mesh tally 4

st

8.4154-8 0.3071
e ssooo, oo, 1so.00
CURSOR Restore CellLine
PostsScript ROTATE
COLOR SCALES 0 LEVEL
XY Yz X
LABELS Ll off L2 off
MBODY on FMESH 4 LEGEND off
Click here or picture or menu
| ‘ Redraw ‘ Plot> End

tal

» Los Alamos

NATIONAL LABORATORY

UNCLASSIFIED

Slide 3/4

EST.1943

NS4



Unstructured Mesh Geometry & Overlaid Mesh Tally
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