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A Talk on Documentation?!

Objective: Provide an overview of recent documentation efforts & use

» Documentation is an important part of the MCNP software product
» MCNP1A (1977), MCNP1B (1978) [1]
» MCNP2, 2A, 2B, 2C, 2D (1979) [2]

MCNP3 (1983), 3A (1986) [3], 3B (1988)

MCNP4 (1990), 4A (1993), 4B (1997), 4C (2000) [4]

MCNP5 (2003) [5-7]

MCNPX (1994-2011) [8—12]

» MCNP6.1 (2013), 6.1.1 (2014) [13], 6.2 (2018) [14], 6.3 [15]

\{

v v v

» Over time, manuals have variously focused on code theory and/or use

» The latest manual is a total refresh of earlier theory & use documentation
» Prepared in such a way as to improve maintainability
» Contains substantial new capabilities that improve usability
> |s still supplemented by https://mcnp.lanl.gov/reference_collection.html

‘@ Los Alamos Slide 4 of 15
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How Did We Get Here?

» MCNP documentation has historically relied on various technologies
» Microsoft Word: MCNP6.2 User Manual [14]

» Takes approximately 15 minutes to open and edit
» Difficult to collaboratively develop / track versions within a team

> Adobe FrameMaker: MCNP5 Theory Manual [5]

» Source / starting point document lost; only PDF available
» Difficult to collaboratively develop / track versions within a team

» IATEX: At some point...?
» No source document / starting point available

» Learning curve; “source formatting” can preoccupy content management
» Collaboration similar to modern code development practices

» Now: LyX
» WYSIWYM: focus on content, leave “source formatting” aside
» Underpinned by IKTEX; ASClI-based files permit “code review”

NS
"Q Los Alamos Example of “code review” on next slide. Slide 5 of 15
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How Did We Get Here?, cont.
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How Did We Get Here?, cont.

» MCNP5 Theory Manual

» Remove front/backmatter and redact header/footer
» pdftotext manual.pdf
» Import into LyX, and roll up sleeves

» Convert unicode math symbols to proper math symbols

MCNP6.2 User Manual

» pandoc --extract-media=. manual.docx -o manual.tex
> Generated: 1.9MB ASCII TgX file
» Extracted: 461 Windows Metafile Format (WMF) graphic files
» wmf2eps imageN.wmf > imageN.eps
> Import TeX file to LyX, and roll up sleeves
» Remove atypical TEX symbols/functions

v

v

Reformat tables and insert cross-references
Convert plaintext citations into BibTgX database
» Reimport / regenerate graphics (Python+matplotlib / TikZ)

v

"Q LOS AICImOS Many citations were improved by fixing typos
<
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What’s New: General Elements

» Preface (a 5-page summary of this talk...)
» List of Tables, List of Figures, (List of) Abbreviations
» Separated into four interlinked Parts (> Chapter > Section > Subsection...):

1. Theory
2. User

» New chapter on “technology preview” plotter
» Incorporated chapter on unstructured mesh [16]
Primer(s)
. Appendices
» New chapter on file formats
» New chapter collecting utility documentation
» New chapter on response functions
» Macro-based styling for notable text

» Bibliography includes page-wise back references
» Reintroduced: Index

»w
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What’s New: Caution & Deprecation Boxes

When trying to duplicate a particle history by setting the starting random number with either
SEED or HIST, the random number sequence may be altered by a default Russian roulette game on
contributions to detectors or DXTRAN spheres. If a problem has detectors or DXTRAN, the only
ways to reproduce histories with SEED or HIST are a) to turn off the Russian roulette game on the
DD card by setting k; = 0; b) to play the roulette game with a fixed criterion by setting k; < 0 on
the DD card; or ¢) to reproduce a particle history that occurs before the first TFC interval.

‘D Deprecation Notice DEP-53292

Except for none and xdmf, all output formats for the FMESH are deprecated.

Consistent with prior and current behavior, mesh tallies specified as output type none will only be
written to the runtape file for the purpose of restarting the calculation and/or for use within the
interactive plotter.

Mesh tallies specified as output type xdmf will create a separate XDMF [318, 319| file, named
meshtal.xdmf by default. This file contains metadata which is then used to access the mesh tally data
and associated attributes from the runtape file. This file permits direct and hierarchical access to the
mesh tally results in the runtape with a variety of programming languages and also straightforward
3-D visualization with third-party software such as ParaView [320] and VisIt [321].

Note that this option will also create a new HDF5 group on the runtape file, /results/mesh_tally,
which is used by the XDMF file to access the mesh tally data. For more details, see D.4.

‘@ Los Alamos Slide 9 of 15
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What’s New: Citation Hyperlinks

TR o et s e T e ""}e history by setting the starting random number with either
F— ~o N = o on

only
In the
0 on

320. U Ayachit, The Poraliew Guide, community ed., L. Avila, K. Osterdahl, 5. McKengzie, and 5. Jordan,
Eds. Kitware Inc., Jun. 2018, URL: https:/ /www.paraview,org, paraview-guide, [Pages 521, 524, 684,

723, and 897]

ol e e article history that occurs before the first TFC interval.

ORNL/TM-2005

DEP-53292

formats for the FMESH are deprecated.

FE

mtape file. This fil&@egmits direct and hierarchical access to the
o e th a variety of progre¥ning languages and also straightforward
ftware such as ParaView [320] and VisIt [321].

Note that this option will also create a new HDF5 group on the runtape file, /results/mesh_tally,
which is used by the XDMF file to access the mesh tally data. For more details, see D.4.

~ Click on a citation number to see it in the bibliography.
‘:Q Los Alamos Click on the page number(s) to go to where that citation is used. Slide 10 of 15
~ Or, use PDF reader “backward/previous” and “forward/next” buttons.
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What’s New: Card Hyperlinks & Styling

e history by setting the starting random number with either
equence may be altered by a default Russian roulette game on
LAN spheres. If a problem has detectors or DXTRAN; the only
‘ ED or HIST are a) to turn off the Russian roulette game on the
i I e y the roulette game with a fixed criterion by setting k; < 0 on
S article history that occurs before the first TFC interval.

ened Msh Tally B

DEP-53292

formats for the FMESH are deprecated.

ehavior, mesh tallies specified as output type none will only be
purpose of restarting the calculation and/or for use within the

N that

;pe xdmf will create a separate XDMF [318, 319] file, named
ntains metadata which is then used to access the mesh tally data
mtape file. This file permits direct and hierarchical access to the
e e e th a variety of programming languages and also straightforward
ftware such as ParaView [320] and VisIt [321].

Note that this option will also create a new HDF5 group on the runtape file, /results/mesh_tally,
which is used by the XDMF file to access the mesh tally data. For more details, see D.4.

‘@ Los Alamos Card styling on next slide... Slide 11 of 15
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What’s New: Card Hyperlinks & Styling,

Data-card Form: FMESHn: % keyword = value(s)...

geom

origin

Torn page indicates
continuation

1% Los Alamos
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Details:

Tally number ending with 4 or 01

A single particle designator.

Mesh geometry, either Cartesian (XYZ or REC) or cylindrical coordinates (RZT

or CYL). (DEFAULT: geom = XYZ)

Coordinates (x,y,z) of the origin of the mesh in terms of the MCNP cell
(). If

geometry (DEFAULT: origin = 0.0, 0.0,

The loc8¥on of the nth coarse mesh in the u direction (ry,q in what follows) is given in terms of the most
positive surface in the u direction. For a rectangular mesh, the coarse mesh locations (7. 7y, 7s,x), are
given as planes perpendicular to the , y, and = axis, respectively, in the MCNP cell geometr
system. Thus the origin point (2o, Yo, z) s the most negative point of the mesh tally. For a eylindrical
‘mesh, origin defines the bottom center point of the mesh. The z coozd.\uatn s then measured from the
cylindrical mesh origin. For both types of geometry, the lowcst encrgy 0 MeV. The coarse mesh
locations and energy values must increase monotonically (beginning aith the origin point). The fine
meshes are evenly distributed within the nth coarse mesh in the u direction.

For a cylindrical mesh, the axs and vec vectors need not be orthogonal but they must not be parallel; the
one hal-plane that contains them and the origin point will define § = 0. The axs vector will remain
fixed. The length of the axs or vec vectors must not be zero. The = coordinate is specified in the cylinder
geometry coordinate system. The § coarse mesh locations are given in revolutions and the last one must
be

At least one coarse mesh per coordinate direction must be specified using inesh, jnesh, and knesh
keywords. The code uses a default value of 1 fine mesh per coarse mesh if the iints, jints, or kints
keywords are omitted. If the iints, jints, or kints keywords are present, the number of entries must
‘match the number of entries on the inesh, jnesh, and knesh keywords, respectively. Entries on the iints,
jints, and kints keywords must be greater than zero.

Because the lower time bound is minus infinity, users are encouraged to specify the first bin as a dummy

bin with the smallest time of interest, (usually zero shakes). The user should then ignore the first time bin
when plotting,

1f the FHESH card is present in a restarted calculation, only the out keyword is permitted.

Appendix D.4 describes how to use the meshtal, xdnf file to plot mesh tally results with the third-party
3D visualization software ParaView [320]. It also describes the new Fies tally HDF5 hicrarchy on the
runtape file.

cont.
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What’s New: Code Styling & Electronic Attachments

eoe ’ LA-UR-22-30006Rev.1pdt
Home  Tools LAUR-22-30006... x
w8 =8 Q [SGICICNC] woe | A OO w3 T BT Q
Attachments x
2 @ & F. Response Functions F.. Bjplo sion Factors
-l & 23
Al

Name - Deserption

Listing F.1: Neutron_ANSIANS-611-1977_dedf.txt

& fmesh_xdmi_ine.menp.np

a mesh_xdmi_stmenp.np <
@ fmesh_xdmf_tdep_edep.mcnp.inp © ANSI/ANS-6.1.1-1977, from Table 1:
@ fmesh_xdmf_trmenp.inp c
& mesh_xdmtmcnping ¢ Energy Flux-to-dose Conversion Factor  Quality Factor
g ©  [MeV] [(rem/hr)/(cm$™{-2}\cdotsss™(-1}$)] [None]
& merge_mctall.mcnp.inp.txt L dazh) Gy
& merge_mtal2.menp.inp.txt log log
2.5¢-8 3.67e6 $ 2.0
& merge_meshiailmenpnpxt e Seres s o
& merge._meshalz.menp.np st Tee s 7
1.0e-5 4.54e-6 $ 2.0
5 Neulron_ ANSIANS-G11-1991-Anterior-Posterior_AP_ded! xt ENEEvs] 41868 =
{5 Neutron_ANSIANS-611-1991 Latera_LAT_dectxt . 1063 37606 § 20 |
5 Neutron_ANSIANS-611-1991 Posteror-Anteior_PA_dedf xt .01 3.560-6 § 25
5 Neutron_ANSIANS-611-1991 Rotational_ROT_dedt.xt 0.1 2175 s 75
& Neutron_ICRP21-1973_dedtxt 0.5 9.26e5 § 1.0
45 Neutron_ICRP74-1996_Anteir-Posterior_AP_dedi xt 1.0 1.32e-4 $ 1.0
5_H_textrmpslab100circPhi_dedf.txt. 2.5 1.25e-4 § 9.0
textrmpslab1015circPhi_dedf.txt 5.0 1.56e-4 $ 8.0
7.0 1.47e-4 $ 7.0
5_H_textrmpslab1045circPhi_dedf.txt 10.0 1.47e-4  § 6.5
exmpsiab1060circPhi_dedix 14.0 2.08e-4  $ 7.5
{5y Neutron_ICRP74-1996_H_textrmpslab075circPhi_dedt.txt 20.0 2.27e-4 8.0
& Neutron_ICRP74-1996_H10Phi_dedf.txt 8

s Neutron_ICRP74-1996_sotropic_ISO_dedt xt
& Neutron_ICRP74-1996_L-Lateral_LLAT_dedf.txt

s Neutron_ICRP74-1996_Posterior Anteror_ PA_dedt.xt
s Neutron_ICRP74-1996_R-LateraRLAT_dedt xt

s Neutron_ICRP74-1996_Rotational_ROT_dedt xt

s periodic_boundary.menpinp it

‘5 LOS Aldmos Also useful for extracting input files to experiment with such as example_macrobodies.mcnp.inp.txt. Slide 13 0f 15
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Summary & Future Work

Summary
» History of MCNP manuals and mechanics of getting where we are
» Showed several new capabilities that make a 1078-page document usable

Future Work

» Complete incorporation of style macros

» Complete migration of input snippets to standalone examples
» Add topical primers for sources (e.g., [17]), tallies, etc.

» Incorporate reader feedback!

Larsen’s Theorem

There are an infinite number of typos in all documents over a certain length, because
inevitably you find another whenever you open such a document.

‘@ Los Alamos Slide 14 of 15
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Abstract

The MCNP® Code Version 6.3.0 Theory & User Manual represents a significant effort by the MCNP
development team to create a comprehensive yet functional document to address the needs of the
MCNP user community. This latest document combines content from the MCNP5 theory manual, the
MCNP6.2 user manual, the previously standalone book on unstructured mesh geometry, and other
sources into a IETEX-based document that provides easier revision and maintenance compared with
prior document formats and a richer user experience. This talk will briefly describe the history of the
MCNP manual(s) and the philosophy and operations that led to the current form the MCNP manual;
however, it will focus on the resulting capabilities and features of the MCNP6.3 manual that improve
navigability and usefulness.
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