
oSS/9 
LA-U R-09-????? 
Approved for public release; 
distribution is unlimited. 

NATION L LABORAT ORY 
--- - EST. 1943 ----

Title: 

Author(s): 

Intended for: 

MCNP6 Hybrid Geometry Development (U) 

Roger Martz 

LLNL Meeting , September 9, 2009. 

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the Los Alamos Nati onal Security , LLC 
for the National Nuclear Security Administration of the U.S. Department of Energy under contract DE-AC52-06NA25396. By acceptance 
of this article, the publ isher recognizes that the U.S. Government retains a nonexclusive, roy alty-free license to publish or reproduce the 
published form of this contribution, or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests 
that the publisher ident ify this article as work performed under the auspices of the U.S. Departm ent of Energy. Los Alamos National 
Laboratory strongly supports academic freedom and a researcher's right to publish; as an institution, however, the Laboratory does not 
endorse the viewpoint of a publication or guarantee its technical correctness. 

Form 836 (7/06) 



MCNP6 Hybrid Geometry 
Development 

Overview 

UN C LASSIF I ED 

Op •• l.cl b v los Alamos National Security. LLC fOf' the U,S. Deparlrr e-nl of Ene: g y''J NNSA 

ABSTRACT 

LA·UR·OS-OO??? 

LA-UR-09.()O??? 

This presentation provides an overview of the new hybrid 
geometry capability in MCNP6. The modeling paradigm along 
with some implementation and user requirements are discussed. 
The new MCNP input cards are presented. Simple examples are 
shown to illustrate some of the relevant ABAQUS® features. 
Initial verification work is presented. Code design and 
implementation is briefly discussed. Recent accomplishments 
and near term goals are mentioned. 

U "I e L ASS I FlED S .'kitt 2 
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Hybrid Geometry LA-UR-09-00 ??1 

The BIG Picture Objectives of This Work 

• Support the KEA project in W-13 (immediate need) 
• radiation effects / hostile environment 

• Serve as the foundation to replace the Eolus Grid 
Library (EGL) 
• This new library is the Revised Eolus Grid Library (REGL) 

• Implement relevant features that will attract new 
"markets" for MCNP 
• multi-physics users 

• CAE (computer aided engineering) users 

c., 
los Alamos 
", ... -n O H h L L {I IOflAfOlt y UNC L ASSI F IED 

This Talk LA-UR-09-4l0'/?? 

Outline Of Objectives 

• Overview of the capability 

• A quick view of the new MCNP Input Cards 

• Concrete cylinder example I sample results from ABAQUS 

• Some initial verification work 

• Overview of code design & implementation 

• Recent accomplishments 

• Near term goals 

c., 
loS Alamos 
~.'t' T' I O 'j AI I A' QII' AfOA'v UNCLASSIF I E D 
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LA-UR-Il9-00?1? 

Capability Overview 

~ 
Los Alamos 
HoA.TIO,.. L 1oI1, .QO Ilt.4TORY UNCLASSIFIED SIr(fo 5 

o ,*,al.-d by LQII A litJ'n o:;; N l!tllonol Se<:uflly. LLC fOl IMC u.s. Dt:pilrtment 0( EnGfgy' :t; NNSA 

Hybrid Geometry LA-UR-09-001?'I' --------------------------------------
Objectives of these next slides: 
• Provide the user with a basic understanding of 

• the modeling paradigm used in this hybrid approach 

some implementation & user requirements 

~ 
LosAJamos 
NATIOtt AL L A ftO IlAT O " 'f U NCLASSIFIED SfHt8 (j 
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New Capability For MCNP6 LA-UR-09-00??? 

------------------------~=== 

Embedded mesh 
• Mesh geometry co-exists with MCNP cell-based geometry. 

• read from separate input fi le 

• Implemented as a universe. 

• Ultimately, "many" instances of the same mesh or instances of 
"several" different mesh. 
• Currently, one instance of one mesh has been tested . 

• Coding not in place to support results on multiple instances or work with 
multiple mesh files simultaneously . 

C, 
• Los Alamos 

U N C L A SSF I EC tJi. n O NA L LtUIQ n A r Oll' 'I' SI,dC 7 

Aside LA-UR-09-00??? 

• CAE tools like ABAQUS have their own set of 
terminology that is quite different from that used by 
MCNP. 

C, 
Los Alamos 
HAT IO tt ,o, (.lAS O II / .TO IilY UNCLASS I FIED 5 tKfe 8 
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Some Geometry Requirements 

Irregular mesh body 

Tracking considerations: 

Outside hitting 

Outside missing 

Inside 

4. Leaving cleanly 

5 . Re-entrant 
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LA-UR-09-00??? 
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mesh universe / fill cel l 
~ 
Los Alamos 
N lI. n DI'IA L iA !!O IlJ A f O:rt y UNC L ASSIFIED 

Op«I!ed b~ La .. A1J:'1moo Nat;onaf Scw: uttly. LLC for ttl. U.S Dep"nm@nlof E r-et:<;1 Y';; NNSA 

New Capability For MCNP6 LA-UR-09-00??? 

---------------------------------
Current Implementation 

Unstructured mesh with 4-, 5-, and 6-sided elements generated by 
the ABAQUS® finite element program. Surfaces may be bilinear. 
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Currently, no mid-point nodes permitted. 
UN CL ASSIFIED src. ,0 
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New Capability For MCNP6 

Parts contain element types : 

• only tetrahedrons 

• only prisms 

• only hexahedrons 

• prisms & hexahedrons 

Example Geometry 
------------------------------------

C, 
Los Alamos 
-H', 1I0hl ll"\I!I O I A FO .... 

Osaka Aluminum Sphere 
Benchmark Problem 

steel 
'J"'CLA::'S ' ~'ED 

l A-UR-09-00? ?? 

LA-UR-09-001?? 

St.d~ 12 
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Background: Constructing A Mesh Geometry 

Created with ABAQUS 
• The final model is an "assembly" 

constructed with "instances" of "parts" 

• Each "part" can consist of 
• a single segment of one material 

• multiple segments of different materials 

LA--UR..()9..00111 

• Each "part" can be meshed 
independently with different element 
types 

parts 

• MCNP converts the assembly into a 
global mesh model for its use 

~ 
LoS Alamos 
,.. .. TlONA l LA:lOfL-' TO Fl V UNC L ASSIF IED 

OPefltltd by Los Al amo!:. Nlibonal Ssclm ty. LLC {Of Iha- U.S. Oepar1m ent of Energy, NNSA 

assembly 

Background: Constructing A Mesh Geometry 

Essential Implementation Tasks 

LA-UR-09-00?11 

• How to map the material descriptions to the mesh? 

• How to take advantage of MCNP's cell-base 
machinery? 

c., 
l os Alamos 
NATIONAl LAIOFU,T O !il v U N C LASS 1FIED 

Oper. red by Lo-:. AlamO:! N enClnal Secunty, LLC for the U.S Department of Ene~gy's NNSA 
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Background: Constructing A Mesh Geometry 

Created with ABAQUS 

LA-U R-09-00??? 

• Each part must contain element sets (elsets) of data 
for: 
• materials 

• statistics 
- Collection of elements used for cell-based tallies & variance reduction 

- Can noj encompass multiple materials 

• surfaces 
Initial implementation required defining surfaces at the part and 
assembly level. 

- "Final" implementation will only need surfaces defined for each 
pseudo-cell. 

Currently, both are needed. 

~ 
· ~~~.~m~ UNCLASS i fiED 

Opefnled by Los AI!'I!TlO$ National Stw=l.lrlty, LlC let !he U S Depart.'nent of E nefg,y ~ NNSA 

Background: Constructing A Mesh Geometry 

Creating ABAQUS Element Sets - elsets 

Required name format: 

where AAAA is one of the keywords: 

materia 

statistic 

surfset 

cellsurf 

LA-UR·09-0017? 

_BBB is the set number following an underscore character 

(see set number restrictions on the following slides) 

???? are any other character or groups of characters 

-S 
• LosAlamos 

~ "T I ON"'l L.Alo""'rOIl ( lJNCLASSIFIEcD 
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Background: Constructing A Mesh Geometry LA-UR-09-007?7 

Part Material Elsets 

• Defined in ABAQUS under "sets". 

• Multiple elsets are acceptable. 

• Each element 'in a part must belong to one and only 
one material elset. 

• All elements must belong to some material elset. 

• The set number L BSS) is the material number. This 
number must start at 1 and go to the max number 
present. E.g., if there are 5 materials, then the number 
must be 1 to 5, inclusive. 

U NC LAS S I F I ED S""," 17 

Opera_t.d by Loti Alamos NalJ.onal SecurIty. LLC for the U.S. Depe1i rn ent of EneflJ y' 'S· NNSA 

Background: Constructing A Mesh Geometry LA-UR-01-00??? 

Part Statistic Elsets 

• Defined in ABAQUS under "sets". 

• Multiple elsets are acceptable. 

• Each element in a part should belong to one and only 
one statistic elset. 

• Any element not assigned to a statistic elset is 
assigned to a catch-all elset in that part. 

• Each statistic elset must contain only one material. 

• The set number (_BBB) is the statistic set number, 

,c, 
must start at 001, and be unique throughout the part. 

Los Alamos 
HA l' lOK o\ l LA ft("J ,, ~ ro " '( U NC L A SS I FIED S{~de 18 

Opwated by Lo':. Alamos N.tt0r131 Security, LLC fOf' the U .S. Depertmonl of Erl~'il y'::; NNSA 
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Background: Constructing A Mesh Geometry LA-UR-09-00??? 

Part Surface Set Elsets 

• Defined in ABAQUS under "sets". 

• Multiple elsets are acceptable. 

• Each surface element in a part must belong to one 
and only one surface set elset. 

• The set number (_BBB) is the surface set number and 
can be any number that is not already in use as a 
surface set number. 

• Soon to be obsolete. 

UNCLASS I FIED Sf!de 19 

Op.,al tld by l.oG AI.!Im(lll, NatJoral Sec:UI!! Y. U .. C fO' tne U S Dep~rl rTl9O l of Erllwgy' C' I~NSA 

Background: Constructing A Mesh Geometry 

Part Cellsurf Surfaces 

LA-UR-09-00??? 

• Defined in ABAQUS under "surfaces". 

• All pseudo-cells in a part must have their surfaces 
defined in a "cellsurf" surface. 

• Multiple surfaces are acceptable. 

• Each surface element in a part must belong to one 
and only one cellsurf surface. 

• The set number (_BBB) is the cell surface set number 
and can be any number that is not already in use as a 
cell surface set number for that part. 

L:., 
Los Alamos 
N.110"" ~ l LA.OtUofO s.; y U NC L ASSi f i E D 
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Background: Constructing A Mesh Geometry 

Assembly Elsets 

LA-UR-09-00?11 

• All elements on the exterior surface of the assembly 
model must belong to an assembly surface set. 

• The same rules apply to naming this surface set as for 
the part surface sets. 

• No material or statistic elsets are specified at the 
assembly level; they are inherited from the parts. 

• Soon to be obsolete. 

~ 
Los A lamos 
It A'f" O HA I,. L ... ~ O A ... Ta " Y UN C LAS SI FIED 

Opl!!I!"at.d by lo~ Alamo.t;. Nfilli ona! Security, LLC f~ \he U.S. DepertTn ent 0 1 Energy's NNSA 

Sltdu 2 1 

Background: Constructing A Mesh Geometry 

Future Part Elsets: Volume Source 

• Optional, not required. 

l A-UR-09-()011? 

• Possible keywords: "source" or "volsource". 

Defined in ABAQUS under "sets". 

• Multiple elsets will be acceptable. 

• The set number (_BBB) is the volume source number. 
Numbering to be determined. 

U NC L AS SI F I ED SNde Z2 

Opl!l(Kt4!!d by LM Ahlmo~ N~bona! SecunlY. LLC f CA \ne U S, Oepa.rtneo t of EnerQy':J. NNSA 
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Background: Constructing A Mesh Geometry 

Pseudo-Cell Example 

~ 

~)<lx~ • 2 · • 

'" 0 
[~~ 

3 
" " ::: : ,.. 

4 "'r-
"'r- , ,-r-

LA·UR-09·00??? 

: 2 

':< .: .:. 

3 ,: 
:::::::::: 

~. 5 ~ 
1 part with 2 materials 3 defined & 2 undefined 

statistical regions 
5 pseudo-cells 

(always consecutively 
numbered from 1) 

Slide 23 

Background: Constructing A Mesh Geometry 

Pseudo-Cells 

LA·UR·09.001?? 

• Each instance--material-.. statistic region is 
automatically mapped to a pseudo .. cell. 

• The numbering of the pseudo-cells starts at 1 and 
occur in the order in which ABAQUS instances the 
parts to construct the assembly and the order of the 
statistical regions within the part. 

• There must be one MCNP cell for each mesh 
pseudo-cell. 

• The MCNP cell must contain the correct material 
definition for the pseudo-cell. (users responsibility) 

~ 
· h~~I~m~ U NCL A SSI F I E ll 

Op.tnled by La~ AI.mo~ Nallonal Secunty, LLC fex the u.s. Oeparlmanl of Energy'" NN SA 

SlH!a 24 
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Background: Constructing A Mesh Geometry 

Pseudo-Cell Table 

LA-UR-09-00??? 

• After the code processes the ABAQUS input file, a 
table appears in the output describing what it expects 
the pseudo-cells to be. 

• The user should examine this table to ensure that the 
material assignments to the cells are correct. 

UNCL A SS I F I ED 

0 9«at«f b y Los Alamo'S NatIOnal Security, LLC f~ the U,S Oepartn'1 t!nt of Enefgy's NNSA 

Background: Constructing A Mesh Geometry 

Contact Pairs 

• Contact pairs must be defined for all parts that 
"touch" or "appear to touch". 

U NCLASS I F I E D 

Operated by Los Al3mo:> Na~onel Secunly, LLC for Ihe U,S. D~pBrlmenl of Enll!l'gy's NNSA 

LA-UR-09-00??? 

Slide 26 
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Modeling Considerations LA·UR·09·00??1 ----------------------- -------~ 

Contact Pai r 
• Parts/Instances sharing a (flat) surface but not nodes. 

• Parts/Instances trying to share a curved surface, resulting in 
overlaps and gaps. 

This may be eliminated in the future, but is currently required. 

• Not using simplifies problem set up. 

• Using it reduces runtime for problems with many instances. 

Slide 27 

Modeling Considerations LA·UR·09-00117 

------------------~ ==--------~ 
4 Parts 

3 Contact Pair 
Surfaces 

Redundant nodes 
on each contact 
pair surface 

L.l .. CL A S :>l F IED 

Ope.l!l led b 'l LO:J A.llI!nlO~ NO~lon" S e:Q U' ll f , u e to! \tie U S De~r.'!efl. t af E.nPl'9Y":; NNSA. 
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Modeling Considerations LA-UR-O~O?n 

--------------------------- -----------
Two Parts On A Curved Surface 

UNC L AS SI F I ED 

Ope!l"l!I:ted by Los A.larros Netic"aI Security_ LLC (0( the U.S, Depa.rtment of En l!fgy's NNSA 

Modeling Considerations LA-U R-09~O?1? ----------------
Gaps & Overlaps 

~ 
• los Alamos 

"4f1 0 H!D.ll" RO"A TQ lY U N C L ASS I F I ED 

Opeofa!e-d by l.ee Alaimo!) NaUonlt! Security. LlC f~ fna U.S. Depanmenl of Energy' s NNSA 
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Some Implementation Drivers LA -UR-09-00?1? 

Modeling Considerations or "Style" Dictate Tracking 
1m plementation 

• One part model with possibly many material sections 
• quickest when tracking from element to element (use nearest neighbor 

search) 

• Multi-part model with flat-surface contact pairs 
• more work required to find the next element on the other side of the 

contact pair surface 

• Multi-part model with overlaps and gaps I re-entrant surfaces 
• most work required; may need to look at all elements 

User has control over the model 

U NCLA SI FlED 

UJ)« I':_tt.-d Il'/ l OCo A I.moo Nllnon.al Sto(;~ nIY. LLC lor tt\. V.S DopartmWl \ cJ En Cf gv~ NNSA 

SGd~ ~ I 

More Implementation Drivers LA -UR-lJ9-001?? 

-----------------------------------------------------
Additional Requirements 

• Path length estimates of flux, energy deposition, and/or fission 
energy by mesh element 

Referred to as "elemental edits" 

NO statistical uncertainties on results 

Results output (including mesh geometry) in a special file 

Dictates tracking implementation 
- Path length estimation (like MCNP) produces result in each mes~1 element 

through which the particle tracks_ 

- Surface-to-surface "fast" tracking is not effi cient in producing results in the 
mesh, but is desirable for transport speed up where edits aren't needed. 

~ 
• LosAlamos 

UNCLASSIFIED "An "", l A' Oft"ro . y 
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LA·UR·Q<J-OO??? 

Current Restrictions 
• Neutral particles only 

• Charged particle tracking to be added later 

• Functionality with all variance reduction techniques has not been 
verified. 
• Cutoffs, implicit capture , geometry splitting / roulette work 

• Using mcplot (2-D geometry plots) for mesh geometry does not 
work. 

• Point detectors do not work. 

• Surface tallies do not work inside the mesh. 

• Non-lattice geometries only 

C; 
.. LosAlamos 

,.. .. TION ... " I A.80 "'A f 0 1l )' IJ NC LASSI FI EO SIidoJ3 

Op.waJed by Los Alamos National Secunly, LLC fa' the U.S O. p.ttmen t of En8(gy'& NNSA 

LA.UR·09-00??? 

Input Cards 

~ 
Los Alamos 
N4T10 "llAllIUQ.U.TOIII 'f' UN C LASS IF IED 

Op.,atad by lo=t Alatlto=i N fltioflal Security. LLC for the U.S, Depanmenl Qf E n~ 'Jy' s NNSA 
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Embedded Mesh Universe LA-UR-09-00??? 

• Geometry mesh are embedded as the lowest level universe. 

• Cell card requirements: 
• At least one cell card with an embedded universe parameter "embu" along 

with the "u" parameter is needed to embed the mesh universe. 
"embu" value must coordinate with the number on the "embed" data card . 
One cell card with "embu" parameter for each mesh "pseudo-cell ". 
- Check the mcnp "outp" file for a table showing how the code expects the 

"pseudo-cells" to match with the mesh regions. Correct material names in this 
table are dependent upon the materials being numbered from 1 to the maximum 
num ber of materials. 

All cell cards with the lJembu" parameter must appear first. 
Immediately following the "embu" parameter cards must be a cel l card that 
serves as a "container" for the embedded mesh. This can be considered 
the background material in which the mesh resides. This must also have a 
"u" descriptor. 

Embedded Mesh Universe LA-UR-09-007 ?? 

• Cell card requirements (cont.): 
• After the container cell any number of celts should be OK in the 

embedded universe. 

• Example: 

c Cel l cards *** 
c 

10 2 - 7.8240 -8 embu=1 u::2 
11 1 - 1. 2230 - 8 embu=l u=2 
12 2 - 7.8240 - 8 ernbu=1 u=2 
13 3 - 0 .0012 -8 embu=l u=2 
14 0 -8 u =2 
15 0 8 -9 u=2 
20 0 - 10 fil1 =2 

6 0 10 -11 
7 0 11 

C, 
- LoSAlamos 

U NGLI\.SSIFIED N ... Tl O N ..... L .l.B O Ii A fOIlV 

Oper_'6d b~' Lc" A.1.moo Na~CltIsl Sec~l\ \y . LLC r.:.. .. Ihe U S Ol:l ~artl'l':~n t 0( EnIlJ'QY' : NNSA 
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Embedded Mesh Universe 

Surface - To - Surface Tracking 

• Change the "embu" parameter from postive to negative. 

• Example: 
c *** 
c 

10 
1 1 
12 
13 
14 
15 
20 

6 
7 

positive 

Negative 

/~ 
, loSAlamos 

NAn O ", ... \,.AI O JlATO RV 

Cell 

2 
1 
2 
3 
0 
0 
0 
0 
0 

ambu 

embu 

cards *** 
-7.8240 -8 embu=l 
-1.2230 - 8 em,buCl - 1 
-7.8240 -8 embu=1 
-0.0012 -8 embu=- l 

-8 
8 -9 

- 10 fill=2 
10 - 11 

11 

value: element - to-element 

value: surface-to- surface 

UfoICLA S S I FIED 

Op •• lMt by Lo» Alam~ NlJtlonlr Securfty. LLC for: the U.S D .p~f lmen l of Energy'!:; NNSA 

Embedded Mesh Data Cards 

u=2 
u=2 
u=2 
u=2 
u=2 
u=2 

trackl.ng 

tracking 

Embedded Mesh Control Card 

in thiB 

in this 

LA·U R~9·0 0 ??'1 

cell . 

cell. 

$/iw:,\r, :]1 

LA-UR·09~O??? 

EMBEDn meshgeo= mgeoin= meeout= meein= length= 

n 

meshgeo 

mgeoin 

meeout 

meein 

embedded mesh universe number 
(only one card currently permitted) 

mesh geometry type 
Current permitted values: abaqus 

mesh input file name 

elemental edits output file name 

elemental edits input file name 
(valid only in continuation runs) 

length conversion factor to centimeters for all 
mesh dimensions in input and output 

~E: all filenames must be lowercaae 

~AlamOS 
.", ... rIO "A L LAft QR A TO " Y U N C LASS I F r E O S'<kt36 

tJ P ~f"tII~ -=t bv Los A ~o~ NnllDn fll Security. LLC fO( Utili U.S, Departmen t of E".~Ys NNSA 
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Embedded Mesh Data Cards l.A-UR-G9-0 01?? 

Elemental Edits Control Card 

n 

EMBEEn:<pl> embed= energy= time= 

elemental edit number ending in 4, 6, or 7 
follows tally convention 

<pl> 

embed 

energy 

time 

~ 
~ l05Alamos 

r~"TIQ "II Afo, L~I O;lll ... TO.'" 

current maximum of 4 cards 

particle designator from particle list 
current valid entrees: n or p 

embedded mesh universe number 
must correspond to a valid embed card # 

conversion factor from MeV/gm or jerks/gm 
for all energy related output 

conversion factor from shakes for all time 
related output 

UN~~A55IF EO 

Embedded Mesh Data Cards LA-U R-09-00177 

Elemental Edit Energy Bins & Multipliers 

EMBEBn 

n elemental edit number; 0 is not valid. 

Bi monotonically increasing upper energy of the i 'th bin. 

EMBEMn 

n elemental edit number; 0 is not valid. 

Mi monotonically increasing upper energy of the i ' th bin. 

,c, 
• LosAlam05 

~A'tO'1iAL _ ... O.ll .... To. y u l;r" AS SI F I ED 
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Embedded Mesh Data Cards LA-UR-09-001?? 

Elemental Edit Time Bins & Multipliers 

EMBTBn 
n elemental edit number; 0 is not valid. 

Bi monotonically increasing upper time of the i 'th bin. 
values in units of shakes (1 shake = 10-a s) 

EMBTMn 

n elemental edit number; 0 is not valid. 

Mi monotonically increasing upper energy of the i ' tb bin. 

,c; 
LoS Alamos 
ftAT I O "AL. LAIIIO IU,TO RY UNCLASS I FIED 

Op. l1l-' by L~ AI :imo~ N.tion :!tl Sscurity, LLC for the U.S. DepMmenl 01 ~l'\I!f aY"s NNSA 

SUd" ", 

LA-UR-49-00?17 

Concrete Cylinder Example 

U NC L ASS I F I EO 

Opent!l<i by Loo Al3mo~ Na.tional Securrty, LLC fO( th e U.S. Department of En~gYI NNSA 
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Concrete Cylinder Geometry LA-UR·()9-00? ?? 

--~--------------------

Objective: illustrate some of the mesh features and 
ABAQUS capabilities. 

C-, 
I loS Alamos 

" A TI O NAL. I AII Q:jATOIIY UNCLASSIf iE D 

Concrete Cylinder Geometry 

R = 100 cm 

H = 80 cm 

Source: 

2 MeV neutrons; 
mono-directional 
along Z-Axis 

~ 
los Alamos 
!'+AI , l)N'.,L Li · I Cfl. ... l 0.Y UNCLASSIFIED 

LA-UR· 09·00??? 
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Concrete Cylinder: 1 Part I 2 Mesh Zones LA·UR·09-{)0111 

UNCLASSIFIED 

Op • .!! t~ b ~' Los AI!tmGS' N El lIanal Security, LLC (at l ho U.S. Department of En&'gy's NNSA 

Total Energy Deposition: 3-D View With 3h Geomet~R'()9.001?1 

~ 
• Los Alamos 

H-A fl O N4l IIo. !l o aATOA Y 

---------------------------------------------------
Ope at.cl by Loz Alamo..,. NatIOnal St'c urlty, LLC '01 Ihe U.S. Depar1men! of Ent!gys NNSA 
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Total Energy Deposition: 3-D View With Half Geo~U¥007?? 

UNCLASSIFIED Sflde 17 

OpeoJl.1 t!d by Lo!; AllIlfIo::. Ntt'Jonai Security. LLC far Ihe U S. Depa'1mO"l\1 d En~QY 5 NNSA 

Total Energy Deposition: 2-D View LA·UR-09-00??? -----=== 

UNCLASSIFIEO Sbdc 48 
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Concrete Cylinder: total neutron flux & geometry l A-UR-09-0077? 

!JN C LASS I FIED 

Opwated by Lu:; Aktmos N.l tional Security, lLC fOf the. U.S. Department of Energy':::; NNSA 

Concrete Cylinder: total neutron flux movie LA-UR-09-007?7 

O~.led by La:... All.mos Nationsl SK unly, LlC fO( the U.S. Dep3r1ment o! En«gys NNSA 

25 



Concrete Cylinder With Penetration (5 cm radius) 

~ 
. LosAlamos 

","'Il O NA' U .. AO RA ' Ofl'!' 

£2, 
los Alamos 
N ,HI Q N A \, L .. eO~A , olt v 

Total neutron 
energy deposition . 

UNCLASSifiED 

Total neutron flux 

Initial Verification 

LINCLASS · FIED 

LA·UR·09-00 717 

LA·UR·09·0071? 
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Initial Verification LA-UR-09-00??? 

Objective: verify that the mesh tracking is functioning 
properly. 

NO : The following calculations were conducted in 
2008 and may not reflect current code performance. 

p., 
Los Alamos 
".T10 H4l LltotORA fOIl Y UNCLASSIFIED 

Op .Ied by Los AI~MO$ National Sec1K(tV. LLC f(K the U.S. Deplltment of Energy's N,\ISA 

Fixed Source Calculations 

Concrete slab: 
40 em x 40 em x 80 em 

2 MeV neutrons @ 4 point 
source locations clustered at 
the origin parallel to tbe z.ax/ 

U N t LASSIFIEI'J 

Op«.~ed by Los Alamo:,; r-Jd,bcn Ql S ('''Cu rlt'l. LLC (Of the: U.S. Oep3ftmen l d EnIll'Q')I· ... N~SA 

LA-UR-09-00??? 
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Fixed Source Calculations 

Concrete Slab 
• Hex mesh cases: 

• 10 x 10 x 10; 1 part / 1 instance 

5 x 5 x 5; 1 part / 1 instance 

2 x 2 x 2; 1 part / 1 instance 

LA-UR-09-0G??? 

• For each mesh case, create an equivalent MCNP cell model, 
where each hex mesh element is an MCNP cell. 

;.:; 
. LosAlamos 

HATI O N_1. lAIOJl:Mon' UNCLASSIFIED 

Effect Of Increasing Number Of~lesh LA-UR-09-0(),/7? 
=== 

Hex Mesh Results 
1 eV - 2 MeV 

1 million histories; AMD Opteron 2.2 GHz 

Problem Elements Element Runtime Runtime 
Scaling (min) Scaling 

10 x 10 x 10 128 1 5.96 1 

5x5x5 1024 8 15.5 2.6 
I 

2x2x2 16000 125 131.0 22.0 

1 x 1 x 1 128000 1000 1246.6 209.2 

~ 
Los Alamos 
,'lATIO ~j4l ~.o\. O "A1('lf''' UNCLASSIFIED 

OPIll'1l'~ by lo~. Atano::. Na!Jcnai Sscl!nty LLC 101 the U.S O!!parlmflnl of Cner .. y il NNS/\ 
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Tracking Agreement 
LA-UR-O~O??1 

~-----------------------
Concrete Slab: Hex Mesh 

• Now, create an equivalent MCNP cell model, where each MCNP 
cell is an ABAQUS® "part" . 

• Observation: results from tracking on the unstructured mesh 
elements are identical to the results from tracking with the MCNP 
cells. 

c, 
• LosAlamos 

"" . Tl O~ A I. LAITOR A TORV UN C LASS I FIE D 

Openled by Los Ali!!I:mo~ National SI}Cl.!fl ty. LLC flY. the U.S. Department of EnCf\J Ys NNSA 

Increase In Runtime LA-UR'()9-00??? 

Concrete Slab: Prism vs. Hex vs. Tet 
10 cm faces; 1eV - 2 MeV 

1 million histories; AMD Opteron 2.2 GHz 

Problem Mesh Runtime Cell Runtime Ratio 
(min) (min) 

Hex 5.96 1.09 5.5 

Prism 7.17 1.09 6.6 

Tet 9.66 1.09 8.9 

U C L ASS I F I E D 

O~8!ed by Lo:. Allm os N8tion~ SecUtlty, LLC for the U.S. Depa(tment of Energy::. NNSA 
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Effect Of Increasing Number Of Mesh Thru TYDe~-09.OO?1? 

Hex vs. Prism vs. Tet: Another View 
10 cm faces; 1eV - 2 MeV 

1 million histories; AMD Opteron 2.2 GHz 

Problem Elements Element Runtime Runtime 
Scaling (min) Scaling 

Hex 128 1 5.96 1 

Prism 256 2 7.17 1.2 

Tet 640 5 9.66 1.6 

c., 
, losAlamos 

p.,j AT1 0 " A L l .\ IO,IiI' .- T'O lll y S/.dfI50 

Increase In Runtime LA·UR-09-001?? 

Concrete Slab: Influence of Contact Pairs 
10 x 10 x 10 Hex elements; 1 eV - 2 MeV 

1 million histories; AMD Opteron 2.2 GHz 

Problem Mesh Runtime Cell Runtime 
(min) (min) 

No contact pair 5.96 1.09 
surfaces 

3 contact pair 12.74 1.09 
surfaces 

,c, 
Los Alamos 
N o\ "' I O ~" l ' .... o".-.rO RY UNCLASSIFIE D 

Ratio 

5.5 

11.7 

Slode W 
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Criticality Calculations LA-UR-01.00??? 

-----=============== ==~--------~ 

Uranium Slab 
10 x 10 x 10 Hex elements; 128 total 

120 cycles; 20 discarded cycles; 2000 histories/cycle 
AMD Opteron 2.2 GHz 

Case Eigenvalue Uncertainty Time Runtime 
(min) Scaling 

4 cells 1.67934 0.00147 0.19 1.0 

4 parts 1.67934 0.00147 2.90 15.3 

1 cell 1.67411 0.00189 0.19 1.0 

1 part 1.67411 0.00189 0.87 4.6 

lattice 1.68257 0.00188 0.28 1.5 

U NC L ASS I FIED 

Op.,ared by Los A !a r11a.; N.hon~1 Secur ity, LLC (0( 1M U.S. 08'partmenl of Energys NNSA 

S/iio 61 

Criticality Calculations LA·UR-09-001?? 

-------------===~--

Uranium Slab 
Hex elements 

120 cycles; 20 discarded cycles; 2000 histories/cycle 
AMD Opteron 2.2 GHz 

Problem Elements Element Runtime Runtime 
Scaling (min) Scaling 

10 x 10 x 10 128 1 0.87 1 

5x5x5 1024 8 2.12 2.4 

2x2x2 16000 125 19.64 22.6 

I.;NC LASS I F I ED 

Operated by La:. AlAm O!;; NA.tional Se-Curity, LLC roc th e U.S. Department of Energ y':;, NNSA 
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Criticality Calculations LA·UR·09·00??1 

--------------------------
Godiva Sphere 

120 cycles; 20 discarded cycles; 5000 histories/cycle 
AMD Opteron 2.2 GHz 

Case Hex Eigenvalue Uncertainty Volume 
Elements (cml) 

1 1536 0.99576 0.00086 2.74413E+3 

2 5096 0.99771 0.00079 2.77201E+3 

3 11664 0.99883 0.00089 2.77938E+3 

4 35984 1.00011 0.00082 2.78615E+3 

5 73984 0.99692 0.00088 2.78892E+3 

REF 1 Cell 1.00209 0.00087 2.79751E+3 

p, 
Los Alamos 
HAnONAl LA' O ItAT ORY UNCl.ASSIFIEO 

Op«atod by Lo~ A!am~ NalJonaJ SIC'Jllty. LLC 'Of !he u.s Dep.Jtm.nt of EMfoy'a NNSA 

Fixed Source Benchmark 

Osaka Aluminum Sphere 
(From SINBAD Benchmark Problems) 

O-T neutron generator source (250 keV 
deuteron beam bombarding a tritium 
target) at center of air cavity 

UNCLASSIFIEO 

Oper.led oy La::. Alamos NaDon" SKJUnly. Lle rOr the U S, Dopc:lment of En ... gy- ~ N SA 

Time 
(min) 

4.96 

10.60 

21.98 

63.29 

119.14 

0.28 

LA·UR·O!;l-001?? 
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Fixed Source Benchmark LA-UR-09-00??? 

Osaka Aluminum Sphere 

4 parts; 72104 hex elements 

__ -----' ______ -.1 "-

Gaps & Overlaps 

U N C LASSI F I ED 

Op •• l.cJ by Lc~ A lamos N _bOn_1 SecUfity, LLC for the U,S , Departm.,..t cf Ener g y' s NNSA 

Embedded Mesh Capability For MCNPft.UR-09-007?? 

Conclusions From This Work 
• The new mesh capability is working correctly in the sequential 

version. 

• Tracking on the unstructured mesh is more expensive. 
• modeling considerations or "style" has impact on runtime 

• Optimization of the mesh tracking routines is needed. 

• More verification is required. 
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LA·UR·09-OO??? 

Code Design & Implementation 

C-, 
Los Alamos 
f. AlIO .... ' lA IIOIIATOR l UNCLASSIFIED 

Optrat d by o::;Alllmoa:NallOf'laIS&,: unly,UC fot lhe-U .S O(!;:pa rrMl ole.netgy lloNNS A 

Code Design & Implementation LA·UR·09-00??7 

Objective: discuss some high-level code issues. 
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Modular Design 

The REGL 

• not dependent on MCNP 

• useable by any code that 
adheres to its interface 

LA-UR-09-00??? 

• the calling code 
provides I receives a minimum 
amount of information to I from 
the library 

I REGL Interface Module I 

I REGL I 

c.., 
LosAlam05 
HA" IOHoAL LAiI!IO#llt.rO Il Y UNCLA~SIFIED 

Ope:rnttl(l by LO!: ,l\lamos Nltbon tJ. Se.-:ur i~ y, LLC fa ~ th e US. Dep tlrlrno:nt of Enel gy:; NNSA 

Division of Responsibilities LA-UR-09-00??? 

---------------------------------
The REGL handles 

• its own memory management 

• reading I writing "mesh" files 

• all mesh tracking functions I edits on mesh 

• passes error codes, etc. back to calling code 

MCNP handles 

• user interface for input 

• provides necessary data & parameters 
• e.g., distance to collision, output file unit number, editing cross sections 

• receives tracking results 
• e.g. , position , next ce ll number, error codes 

~ 
Los Alamos 
NJ\ l'" IO W,"ll. .... ORATO ... " UNCLASSIF I ED 

Operalad' by Los A!amCM N.~cn.;. 1 Secunly, LLC fQl' Il'1e u.s. Department of EnllWO V" NNSA 
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Affected MCNP6 Routines I Files LA-UR-09·00??? 

• User interface J input 
• chekit, newcrd, oldcrd, nextit, nxtit1, newcd1, mcnpj nput pass1, rdprob, 

imcn 

• Parallel 
msgcon, msgtsk 

• Memory 
• fixcom, pblcom, setdas, expung 

• Source 
sourcb, sourck, crit1 _mod , acegam, colidk 

• Transport I Tracking 
• hstory, mcrun , startp 

• Other 
prinv, tpefi l, bankit 

UN C LAS S IFIED 

Op.UIIid by La:::. Atil1 . Ne 10000at 6ecun1 .,. LLC tOf 1hoU S Department of EI")«'iI '''' s NNS A 

Added : 
regl_1 nterface _mod 
(1824 lines of code) 

$/kJo 71 

Some Conventions LA-UR·09-00??? 

• MCNP variables 
• declared in MCNP routines and adhere to MCNP convention 

• regl_interface_mod 
• public variables declared here begin with rgli_ 

• public subroutines & functions begin with rgli_ 

rgli = Revised Grid Library Interface 

• REGL 
public subroutines & functions begin with regl_ 

regl = Revised Eolus Grid Library 

• library variables should not be accessed directly 

Siid#") 72 
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REGL Module Overview LA-UR~01?1 

Lines of Code Module Function 

3366 regIJ ead_abaqus_mod ABAQUS input parser 

2903 regl_isoparametric_mod bi-linear I tri-linear intersection 

1418 

1093 

931 

793 

616 

271 

118 

630 

972 

766 

regl_track_mod mesh tracking 

regUoad_mod mesh setup I take down 11/0 

regl_graphics_edit_mod graphics & editing 

regl_skdtree_mod build I manipulate skd-tree 

regl_hiCmesh_mod handles entering the mesh 

reg I_global_mod memory management 

regl_find_mesh_mod locating points in elements 

regl_uti lityI3_mod high-level utilities 

regl_utilityl2_mod mid-Ieve! utilities 

regl_utilityl1 _mod low-level utilities 

13877 lines of code, including comments. -10-20% of 
which can be deprecated and removed. 0 current. 

UN C LA SIF I E O 

Op~tlted by Lo~ Alamos National Security. LLC for th e- U.S. Depflf!me-n ! of Ener 'l1 Y S: NNSA 

SMe 73 

Handling The Mesh LA·UR·09-00?1? 

------------------------------~ 
Spatial KD-Tree (SKD-Tree) 

• The kd-tree is well know as an effective data structure for 
storage & manipulation of po int objects. 

considered unsuitable for non-zero sized objects 

• skd-tree is an extension, using a spatial discriminator, that 
supports efficient containment & intersection searches. 

eliminates duplication of objects that extend over multiple sub-spaces 

~ 
loS Alamos 
H ATIO .H Alt"'O IU. TO a y U NC L ASS I F I ED 

Op8S ~a:j by Los Alamo!:. Nc!)o!1al S ~Cur l ty, LLC f()( !h~ U ,S. O epflr1mll!" t of En8f9Y's NNSA 
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Handling The Mesh LA-UR-09-GO??? 

Spatial KD-Tree (SKD-Tree) 
• Assume mesh object contains N mesh elements. 

• Associated with each element (i.e., tree node) is a safety box which is 
the smallest rectangular box (parallel to the 3 coordinate axes) which 
fully encloses all mesh elements in the sub-tree. 

• Associate with each element is a "key" which is the element centroid. 

• By alternately finding the median coordinate of the keys in the 3 
coordinate directions, we keep bisecting the set of keys. 

• This tree is a balanced binary tree with exactly 2N- 1. nodes on 10$12 N 

levels, allowing searching in logarithmic time. 

• The tree is constructed in O(N 10g2 N) time. 

• The collection of nested overlapping boxes guarantees that queries are 
rigorous and free of "collisions". 

~ 
Los Alamos 
~~ArIOIliA I. l •• o "' .... r,QR V UN C LASSIFIED 

Op«Aled by Lao Aiamo:: NahonaJ Se":l... fll y, LLC for \h(!l U S O.epartmen ~ of Energy' s NNSA 

Tracking On The Mesh LA-UR-09-00 ??? 

Isoparametric Methods 

• Intersection and containment routines (for each mesh 
type) using methods similar to those used by finite 
element codes such as ABAQUS. 

c., 
Los Alamos 
,.oIiTIO 4~ l·UO AA1 0 AV UNC L ASSIF I ED S!de 76 
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LA-UR..oS-OO??? ----------------------------------------------------

Accomplishments 

U N C L ASS I FIE D 

Op-erlilecl by l o:s A\amo~ N ational Security. LtC fef 11'\a u.S. Oepan m enl of Energy"s NNSA 

Accomplishments LA-UR-09-o01?? 

Important Development Milestones To Date: 
1. Methods for "working with" unstructured mesh researched and 

programmed. 
• Implemented with planar and bilinear surfaces for intersection & 

containment 

• skd-tree for searching mesh 

• Contact pairs, re-entrant particles, gaps / overlaps 

2. ABAQUS input parser 

3. Mesh edit results file & visualization 

4. Serial, omp, and mpi versions of the code are being tested. 

5. Presented some preliminary results at the ANS RPSD08 meeting 

U NC L AS S lflEO 

OP~.IIteC by Lo~ Alamo:; Nabomtl Security, LLC fo,-- the U.S. Department of E n~gy's NNSA 
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LA-UR-09-00??? 

Near Term Goals 

c., 
~ LosAlamos 

IIII.Hln N II L LAI O IllA."'O y UIfClASSIFIEIl 

Near Term Goals LA-UR-09-00??? 

Next Several Months 
1. Continue testing & "bug" fixing 

2. Resolve integration issues 

3. Present user interface to MCNP Change Control Board 

4. Implement surface-to-surface fast tracking 

5. Implement quadratic surfaces 

6. Technical society presentations 

7. Documentation 

8. Interest others in using these tools or fund further development 

S Ilde/lO 
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