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NEW DEVELOPMENTS ENHANCING MCNP FOR CRITICALITY SAFETY
by

John S. Hendricks, Gregg W. McKinney, and R. Arthur Forster
Los Alamos National Laboratory
Los Alamos, NM 87545

1. INTRODUCTION

A nmber of significant new developments have been made to enhance the MCNP Monte
Cialo radiation trausport code! for criticality safety applications. These are available in

the newly released MCNP4A version of the code.

II. SPECIFIC CRITICALITY IMPROVEMENTS

A number of MCNP projects lueve bheen imdertuken at the request of nnd specifically for

the eriticality safety connmmnnty.

A. New Criticality Analysis and OQufput

Siee the carly 80's MCONP lias had three estintes of kg collision, absoeption, and
track length, NMONI hins ulso Lined collision und ubsorption estinmtors of vemovid hvtinee,
These ave ealeulated for every eyele and ure nvernged over the eyeles as shaple sicerapes jaol
covariniiee weighted nvernges. Correlution coeflivients between estinndors aee also ealen
Liteal, These critivolity estimmtars ure ull m ndditiog ta the exteusive simuanry inforaeatioa

et Gidly edits usen] i shielding, sl other prablems.



In MCNP4A the following have been added:

o A summmmiary page of k gy results with confidence intervals. The smmmary includes:

u check to determnue if each cell with fissionable material had tracks entering,
collisions, and fission source points to assess problem sampling;
- tests for normality of the active kysp values for each estimator;
- a table of ke gy and confidence intervals if the largest value of k. gy for cach estimator
occurs on the next eyele;

a fission neutron lifetime estimate

o A tuble of kyp and its variance as it would have bheen caleulated with a different
mumber of ke gy sonrees per batel to assess k. gy eyele correlation effeets;

o A table showing ke sy results by cycle nunber as well as the largest and smallest values
of each kigp estimator and the figure of merit (a measure of problem efficieney );

o A printed plot of the cunmlative uvernge kegp by eyele;

o A table of ki gy us 0 finction of the manber of (inactive) eyeles skipped idong with
the muuber of iractive eyeles that produces the mininmm kg5 varianee, This table
also ineludes an exnminntion of the first two moments of Aqyy for the first and seeand
hadves of the active cyeles to nssess settling to the sputinl distributon normal mode:

o A printed plot of the combined &, gy s 0 funetion of the mncher of (aetive) eyeles
skipped.

I eldition, there nre new messuges sent to the nser's tepmiond, wlditional ercor dige

nostics und winning messnges abont eriticnlity praddem perforaimee. Most of the new
infirmntion e be internetively plotted by the PICNT tally ploting, packape either e a

i propeesses ar bfterwnred,



B. Benchmark Calculations

A mmjor benclmarking  program  has  been  undertaken  for  MCONP. A
comparison? of MCNP to KENO using the KENO test problem set is presented clse-
where at this mecting.® Additional criticality benchimarks can be found in the MCNP .
neutron Lenelnnarks.4® Collaborators at General Electric have published light water reae-
tor critical benehmarks® and collaborators at Westinghouse Idalio Nuclear Company have
published several volumes™* 910 coraparing MCNP to SCALE and cxperiments.  These
benclmuarks all demonstrate that MCNP is an accurate computer model for ealeulating

uncelear criticality.

(.. Criticality Primer

A primer on how to use MCNP for eriticality safety problems is being prepared in
collaboration with Boly Busel of the University of Noew Mexico, The primer will give new
users nstep by-step guide for zetting up and interpreting MCNP problenms starting with
simple examples (eritical spheres) and building up to more sophistica:ted problems likely

to Lie crvronntered by eriticality practitioners.

I GENERAL MCNP IMPROVEMIENTS

A nutber of MONP enhoreciuents nre of interest to all applientions of NICNTP, inceluding,
erd irality safety,
A. A New Moeans of Assessing "Fally Quality

AMONDPAA features nnew, exclusive evror nunlysis 1a nddition tec the asanl extimate of
tdly viwinnee, The varimpee of the varianee and the indenlying, listace seore probahility

deasity fanetion wree enleulate] nad wnalyzed as new pids to wess tally comverpenee, !



Each tally is also subjected to ten statisticad checks providing new confidence and insight

into the statistical convergence process.

B. X-Windows Graphics

MCNP geometry and tally plotting now work with Xwindow-based window systems (e.g.,
Open Windows, Motif, ete.) in addition t¢ GKS, CGS, DISSPLA, and PLOT10. The X
libraries are well-established and can be found on most workstations and mainframes. This
capability has been tested on SUNs, IBM RS/6000s, HP, and Cray UNICOS. The graphics

window can he easily resized, iconized, or printed and can be sent to or from other displuys,

C. PVM Multiprocessing

MONP can mw he ran in parallel on a cluster of workstutions!® nsing PVM (Purallel
Virtual Machine) software, On the 16-mnchine IBM cluster at LANL, MONDP runs ten
times as fast as o single-processor YMP. PVAM maltiprocessing hias also been demonstrated

on u network of SUN workstntions.

D. Dynamic Mcemory on Unix Systeis

MOND now dynmmieally ndjuists its memory to problem size on UNIX systems, The new
UNIN dynamie memory wnnager also works in conjinetion with the distribinted memory

multiprocessing,

. ENDF/B-VI Physics

The Nalbach 87 formnlisin (ENDE/I VD file 6 LAW. 1, LANG 2) and correlatod
ciergy anpte seattering (ENDF/DVT file 6 LAW S 7)) lizece heeie Saeorpronidend e NTCNT

to leantle mew ENDE/BE VT dids finnsds, A pew alppaithim lie heensdeveloped for nest



event estimators so that collisions using these laws now contribute to point and ring detee-
tors us well as the DXTRAN variance reduction method. Preliminary libraries are available

and work is procecding to process, test, and release entirely new ENDF/B-VI librarics.

F. Repeated Structure Tallies

MCNP tallies can now he made in individual lattice elements or repeated cells or com-

binations thercof in repeated structures geometries.

G. SABRINA Particle Tracks

History files arc now optioaally output from MCNP to deseribe particle trajectories
whi'el can be plotted with the three-dimensionnl color graphics code SABRINA. This 10w

visnalization capability will provide impovtant sight into Monte Carlo solutions,

1. White and Pceriodic Boundaries

MONTD now models hotli white und periodie bonnduries. White bonnduries nre nseful
for comparison with deterministie methods, Periodie bomdaries ure valnable in n wide

range of reactor luttice ealenlations.

I. Other Features

A conpletely new MONT mamind s uenwring completion. New Softwire Quidity Ansin
mce (SQUA) standurds are being, applied, along with even mare vigorons quulity contiol,
voufipnrution mmumgemient, und nstullntion verifiention. For exmuple, every elngge ae
MOND for the just three vears enn be fraced to written docmnentation, and the code i

subjeet to mmmeie wonnd petiodiv reviews,



New installation procedures have been developed which we hope are even easier than
those fo: MCONDPY,

Protection for long runs with workstations, including better 1andom munber controlt?
and enlarged ontput formuts, 1s now available in MCNP4A. Restart capabilities are im-
proved.

And for the first time MCNP is case insensitive, which is partiendarly of interest on VMS

svstens,

1IV. SUMMARY

The MCNP Monte Carlo code is incrensingly being used by the eriticality safety com-
munity. Every three yeurs or so a8 new version is released imternationally. The NICNDPYA
version released in smmer 1993 hos many enhancements speeifically for eriticality safety.
These are in uddition to mmmerons other enhaneements which benefit all NICNT applica-
tions including eriticality sufety. Not deseribed here are the many additionn]l enhaneement s,
such as new eleetron transport options wd extended photon energy physies, which do not
apply to critienlity sufety. All of these capabilities are available now in MCNDPAA. And as
active developiient of MONDP continnes, aloug with n vigorons vesenrvel program in sueh
arens ns nonlinenr and non Boltziman Monte Carlo, hybrid Moate Carlo S, methods, angle
bias, nd quast deterministie varionee 1eduetion, more enhaneements will he availuble in

future versons of the code,
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