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NUCLEAR DATA FOR MCNP

Robert C. Littie and Robert E. Seamon
Radiation Transport Group
Los Alamos Nationa) Laboratory
Los Alamos, New Mexico 87545

The sources of neutron and photon transport datz are described as well as
the processing of the evaluated aata sets into continuous-energy and multi-
group cnoss-section sets. The procedures for checking and valiacating the
processed data are discussed. The question of why s0 many data sets are
avajlable is addressed by indicating the differences between data sets as
well as their relative strengths and weaknesses. Suggestions are made to
help the MCNP user in selecting approprizte cross-section sets.



NUCLEAR DATA FOR MCNP

INTRODUCTION

In running transport problems with the Monte Carlo codes MCNP, it is impor-
tant to have information about whzt happrng to the neutrons znd photons when
they ccllide with atoms of the materiazls through which they pass. This in-
formation is contained in the cross-sectior sets which contain repre-
sentations of the physirs of the {nteracticns. For each constituent elercnt
or nuclide in a problem there {2 a sct of numbere detailing through whict
proceases the Interantions might take place, and at which anglcs and with
what energies the scattered particles are llkely to =merge. In the case
that photons arc producsd by the incident neutrons, ycu neecd irnferm:tion
about the energy ond angle 2t whi~h the photons 2re preoduc.d as wrl) 28 in-
forrction about the centteorcd ncutrons.

One thirg is cartaln. 1t ie rhr cross s~ction dats through which che clf-
ferences between hydrogen ard uranium are introduc~d inte your transpoert
calculations. The reascn you epecify materin! densities =0 carefully - thr
reason it m:tters how you sprcify those densities - is manifest in the mac-
roscepin 2nd microseople cross sertjons used in the various reglions ¢f your
probler.. Careful geome'ry specifications are without much reaning if the
physlics going on insice the miterials in the verious reglons of the peorelry
i{= incorrce!. The rress =rctiors centain the physirs and that {s why sc
muech cffort hus gone {nto providing crosc sectlions = cver ginee tne
biginning of Monte Carlo calculations =t Los Alamos.

Correct data »nd norrect physice are *he rost rssential compenrn*s of o
gucerssful transport codr. Sleppiness with cross sections ~annot* be
tolerated., 1v is irportnnt to underrtand what |s going on with the oreas
scctionr ~and to understind the atrenpths and weaknoeses of various creose-
section sets. The purpcsc of this paper Is to oxplain why there ave 20 nony
crosn-acction rfilen, to expliin how they were erected nd checksd, and te
sugpest i few mattors for conslderation when eross=gection scite arce chosen,

CLASSES OF DATA

There are theree modes In which MOKP e:n he run: MODFO (preutron only pro-
blem), MCDE! (oupled neutren-photon problem), ane MODE. {phcten enly pro-
blem), Tn & MODE® probtlem ene han o neoutr-n aource with neutron tranepeet ;
{n 1 MORED problem one has n photon sou=ce with pheton tronspert; {n o MODK]
problem one has a neutron sourcer with neutren transport and - neutron- in-
duced photon acurce wi'h photon transport. !'n erder to run =uch problemn,
we noed fhree baalce kinds of dita:

1) data deseribing the {nteractions of nevtrons with nueled,

Y data deaeribing the preductien of photons when neat rons interaot with
nucley, and
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3) data describing now photons interaect with nuclel.

The neutron irteracticn ard photen procduction crcss sections - the "neutron®
files - are kept separate from tre photon interacticn files - the “photen”
files. The "neutron" files a2re recuired for MODED ard MODE!1 problems; °he
"photen" [lles =z2re required for MOLE' and MODPEZ? problems. The seporztion of
the "neutron" znd the "photon" files has good reasoning behind it. Neutrons
interact differently with different isotopes of the same nuclear species,
and photon producticn by neutrons cerends on the level atructure of e¢ach
particular isotope; the interaction of neutrons with 2 nucleus depends on
the atomic numbcr Z 2nd the mass number A of that nuecleus. Cn the other
hand, the interaction of phctons with matter is re~ally an atomic prec:ss;
the interaction g with the clectrons =surrounding the nucleus and depends,
therefere, only on the atomic —-:unrber Z. Tt would be inefficient to carry
the photon interaction crcss seciicns in the same file with the neutron
crcss scrtions, bucause of the repetition of the same photeor in*eracticen {n-
formztion fer varlous isotopes of the anme element. The "neutron" dat=
filcs whickh depend on Z and A ire kcpt separate from the "phaton” files
which depend only orn Z.

Cn the basgis of the forcgeing ciscussions, it would Appear thi:t the phycsices
package shculd b certained in jurt two flles - the "nerutron® file and the
"photon" file, There nre, howerver, five cliascs of nuclear diita tiblesg
which exist for MCNP:

1) continuous-rnergy neutron-interacticrn cdata (Clnas C),
) dlscrete~reacrion neutrer-intcraction aata (Class M),
3) photen-interaction data (Class P),

U} reutren dosimetry cross seetions (Class V), and

5) neutron S{(a,£) therral data (Class T).

In M.DEC and MODE! problemrs cne eoentinuous-onergy or dicercte-riaction
noutren-{ntcracuion toble s required feor e2ch {soicpe or flem nt In the
preblem. Likrwise, one photon-inceracticn table is requirerd for eoaich ole-
ment in a MODE! or MCDE” prollem. C(Crors sections from dosim:try tables moy
br ured ¢ response functions with the FM card to drtermine react.ion rates,
Thermal O(a,R) tables m-y be ~j.propriate {f the neutrons arce Lransportec ot
sufficriertly low enerpiers,

Eich nnelear dota table contained o any one of the flve elnsses of dat:
files o fdentifled by & ten-churacter nare, called the ZAID.  The pencrea)
forrr of n ZATh {e T"ZARA.nnX, whepe

20 48 the stomis numbrer,

AAA is the moes number,

nn {8 the data net {dentifier, and

X indieater one of the five clasaea of data enumerat ed above,

SOURCES OF THE NUCLEAR DATA

To underatand why there are mult iple croan-acction seta avallable ) an ropreo-
nented by the evalumtfon {dentif{er "nn" {n the ZAID, {t might be well to
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understanc where th: cross-section tatles come from. Ezch tzble i gener-
ated from an evaluated data set. An cvaluated set of cress sections is
produced by analyzing exp=rimcntally m-asured cross sections and combining
that data with the predictions of nuclear model calculations in an attnrrpt
to extract the most accurate cross s~ction informaticn. In an evaluated
data set no ambiguity is allowed; for bettrnr or for worse, a decision has
been reached on what the cross section for each reaction should L 2rnd what
the secondary energy anc¢ angular distributions should br, If results from
data testing indicate that seriuus ciscrepancics are caused by the use of a
particular cross section evaluation, or if ncw and significant exp~rim-ntal
results becoms avallable whirh are In serious disagreement with th+ eval-
uated data set, that se* must be re-evaluated.

The preparation of evaluated cross-section sets (s a rral disnipline {n {t-
self which has developed since the early 1960s. In America, workers in the
trermal and fast reactor programs, the controlled thermonuclear reacror
program, and the defense community joined r9r0e5 to creoate the ration=l sys-
tem FNDF/D (Evaluated Nuclrar Data File/B).

The differences between evaluateg sets for the same isctope can be remsark-
able. The character of an evaluation depends on its 2pgc und on the style
(techniques ancd at*titudes) of thc evaluator. Clearly, evaluztions preparec
in 1985 have the benefit of mere and better experimental dat:n thin trese
prepared in 19€0, 1t {s the ENDF/B ev:luarions which srem to have gaincd
worldwide acceptance bececauae of the careful attentlor to Jdrtalls {n overy
enerrgy regime Aand the thorough tes*ing and critical pecr review they reerive
before release,

Users of MCNP are provided with the option of using "neutron” cross secticns
from n wide variety of sources, even for the came isotope. Ir rroont ynars,
the prim:ry source cof evalusted neutron-interaction anc photon-produrricn
data for MCNP has been the ENDF/B syatem. Evalucted nceutron-jnteriction
tables have alsn bern extracted from twe other scurces: the Lawrence Liver-
morr National Laborrtory's Evaluitced Nucl.ar Data Library (FMNDL) ~nc
evaluations from the Los Alamos Applied Muclensr Seience Group (see, for ¢x-
ample, Pefs. 3-5). 0lder evaluaticns accessible to MCMP users gor- from
early versions of ENDF/B #nd FNDL, th-~ Los Alames Master Data File, and the
Atoric Weapons Research Establishment at Aldermnston, Fngland.

CONTINUOUS-ENERGY "NEUTRON®™ CROSS SECTIONS - CLASS C DATA

Evaluated data cannot. be acceased directly by MCNP; nvallable In various
formats, it must first bn proceassed into a single fermist recognizeed by PCMNE.
There s a separate format for each rlass of data. In the case~ of the
"aeutron" filesn, that form:t {a the ACE (A Compact ENDF) rorﬁwt. The very
complex proressing codes uscdpfor this purpose tnelude NJOY' for evaluated
data {n ENDF fcermat and MCPOINT for ENDL data. Not all cross scctions in
ACE tvormat were prcduced using theae codes; they have besn produced over o
prriod of more than ten years hy scveral people using varlious processing
codes,

At lLoa Alamoa we have ava:.lable about BNO diffcerent "neutron” croas-sccetion
snta for 92 jaotopes or materials. On the averag: there arc nine different
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cross -section set possibilities for each combinAtion of Z and A for which
there are cross sections. The avallability of several] evaluation sourres is
not sufficient to explain why there are so many different sets for the game
element or isotope. There can be severz] data sets produced from even one
evaluation beccause of thr linearizition and thinning tolerances as well as
the resonance reconstruction tolerance=. Thrre is also the matter of tem-
perature broadening. This rultiplicity ex{ists only in the "neutron"
files,

"Neutron" cross section files are comr'~te in the senae that cross scetions,
angular distributions, and secondary energy distribuzions in onec form or
znother are avallable; these COMPLETE =ets are required for any materiul
through which 1t is intended to transport neutrons in MODFO or MODE1 pro-
blems. The cross sections for producing photons along with the energy and
ar.gular oistributicns of the induced photons zre also carried on the "neu-
tron” files; not all "neutron" data sets include photon proauction data,
however.

Crees sections for »11 reactions glven in the evaluated anta are specified.
For 2 particular table, the cross sections for each reaction are given cn
one erergy grid. This energy grid is sufficliently dense that linear-linear
interpolation between points reproduces the fvaluated crcse srcticns within
a speecificd toleriynce that is ginerally one percent or less. All cross sec-
tion tabulations given in the evaluated data with semi-log or log-lor
interpolation schemes have been linearizcd. Depending primarily on the num-
ber of rrsolved resonances for cach fcotopc and the resornznce reconstructicn
tclerence (generally 1/2% or better), the resulting energy grid may ccntain
as few as 250 points (e.r., H-1) or 2s m.ny as 2,500 points (e.g., Au-197),
Other infermwticn, including the .ctal zbsorptior cress section, the total
pheton-production crees section, and the average heating number (fer encrgy
depozition calculations), is nlsc t=bulnted on the sare enerpy grid.

Much morc thim cross sections are jneluded on the "poygtron" files. 2Anrular
distribut icns of scattered neutrons are {ncludrd in the neutron-interacticn
tables forr all non-ahsorption reactions. The distributions are given (n the
cent2r-of-mnss system for clastic scattering and cdiscrete-leve! scattering,
and {n the laboratcry system for all oth ' inelastic reactions. Angular
distributions ars given on 2 reaction-dependent gria of incident ncutron
energles.

Thr sampled angle of scattering uniquely detrrrines the secondary cnergy for
tlast]lce scattering and discrete-lovel {nelastie scuttering. Fer cthep in-
nlastic reiactions, onergy distributions of the sci:ttercd neutrons ard
provided (n the neutron-interaetion tables. As with anpular distributionc,
th: cnerpy dlstributions arc given on n reaction-dependrnt grid of incldent
neutron cnerry.

When evialuations contadn data abeut secondary photon production, thot infor-
maticn appears {n the MCNP nrutron-interaction tables. Recently-processed
data scts contain photor-productior cross sections, phcton angular distribu-
tionr. ard photon cnergy distributions for cach recaction that produces
sececndary phetona. The Informaticon i given in A4 manner simllar to that
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described in the last few paragraphs for neutron cross sections and secon-
dary neutron distributions. This expanced ACE form»t is described in Ref.
9l

Other miscellaneous information on the neutrorn-interaction tables includes
the atomic weight ratio of the target nucleus, the Q values of each reac-
tion, and nubar (the average number of neutrons per fission) data for fis-
sionable isotopcs. There are approxim:tiors that muset be made when process-
sing an evaluated data set into ACE formz*.. Cross sections are reproduced
only within a certain tolerance; the tolerance is generally very small; to
decrease 1% further would result in excessively large data tables. Eval-
uated 2ngular distributions for secondary neutrons and photons ere approxi-
mated on MCHP data tables by 32 equally-probable cosine bins. This ap-
proximation {s clearly necessary when contrasted to the alternative that
might invelve sampling from a 20th-order Legendre polynomizl distribution.
Secondary rieutron energy distributicns given in tabular form by evaluators
are sometimes approximated on MCNP data tables by 32 equzlly probable energy
bins. Clder "neutron" tables include a 30 x Z0 matrix approximation of the
seconaary photon energy spectra.

It is the intent of those who prepare the ACE-format llibraries to remove #s
little detail as possible from the basic evaluation. These "original"
libraries, the first libraries produced in the processing of the dut=, are
the libraries which in ACE format most closcly reprcsent the intent of the
evaluators.

The 'original” files can be very long, indeed. Frequently users had trouble
getting the "original" files from the common file system znd even more
trouble in fitting them into their MCNP problems. Therefore, 2 shortened or
"thinned" set of cross sections in ACE format wae prepared for the same
ENDF/PR materials. The PENDF files were thinned in such a wiy &as to preserve
the flat-weighted integral of the total cross scction to within 0,.5%.
Further reductions in length were effected by reducing the number of neutron
energies at which the angular distributions Aare tabulated.

Since in the preparation of the "original"™ cross-secticon files the intention
wis to reproduce the evaluatec data as closely as possibie, & user has the
right to ask what has been sacriflced by recducing the number of energies
drastically in the "thinned" scts. It is almost totally from the resonznce
region that the energies have been removed. Hence, It 18 necessary only to
worry about the total, elastic, fission, and radiative capturr 2ross sec-
ticns. If you plet the "origintl" ang "talnned" rross sections on any sort
of normal rnergy ecale, 3t is difficult if net impossible to see any dif-
fercences between the two curves.,

when you plot the "original"™ and "thinned" cross sectionz on vastly cxpinded
energy sacales, you can see that some cf the thin, narrow resonances have
been smoothed over or even climinated in the "thinned" c¢ross sections. The
elimination of resonances and the apparent shift{ng of th" reaonanc.: cncrry,
brought about by a change in the maximum valur at a resonance, arc not the
only effects of thinnirg, howerver. When the plots are blown up, we see thit
the resorancrs which remain arc coffectively broadened becduse the minim: of
the curves are not. 3o well definend.
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Thie broaderink of resonances and changes in the cross-section values mzake
themselves manifesat in other ways as well. For example, multigroup cross
sections are larger when ca)lculated from the "thinned™ set rather thzn from
the "original" set. Multigroup numbers confirm what we first stated: tLhe
"original" and "thinned" cross-section sets differ essentially in the res-
onance regions. Detall has, of necessity, been sacrificed in order to hold
down the size of the cross-section fliles. For problems in which exact
detail in the resonance region {s essential, it is clearly necessary to use
the "original" cross sections.

The falthful preservation of the data has the advantage that the same Monte
Carlo libraries can be used with confidence for general zpplications
throughout the Laboratory. It suffers from the disadvantiage that the cross-
section sets 28 storec are much larger than necessary fcr some applications.
Of course, once the cross sc=ctions have been read into MCNP, the code knows
tnough to "expunge" these data wh!ch are not necded. This can be effected
through use of the energy cut-off caraa.

DISCRETE REACTION "NEUTRON" CROSS SECTINNS -~ CLASS D DATA

In reproducing the evaluated nuclear date using one energy grid for all
reactions and # sufficiently dense energy mesh such thit all reactions are
reproduced to within 9.1%, you can end up with some very large cross~section
flles. That is, of course, the reason we introduced the "thinned" cross-
section 3ets. But even {f you use "thinned" cross sections, the cross-
section storage requirements for an MCNP problem can be quite large - large
enough that the clock time for execution is remarkably increused when you
are running in a2 time-sharing c¢nvironrent. Something khad to b~ don= to
shrink thee size of theac efnormous files so that problems cculd be run easily
during Lhe day for purpcses of debugsing. These concerns led tc the intro-
duction of the discrete-reaction cross section fliles. The pointwise reac-
tion cross scctions havc buen averiged over 762 energy xroups using A flat
weight function. Thia has co¢ffected a shrinkige In tetal length eof in-
¢ividual cross-secticn files by as much as a focte~ of 7. These discrete
croce~Secticen libraries are NOT multigroup libraries ir the sense of scat-
torti)mﬂtrices which one coulcd feed into the multigroup Monte Carlo code
MCMG. The cross sectiones are given as histograms rather than as con-
tlnuoua curves; the remzining d:ita (angular distributions, enerpgy dis-
tribut iona, nubar, «te.) are ldentlesl in discrcte-reaction and continucus-
energy tables. The same comment holds for the "original"™ contlnuous-cnerfy
and the "thinned" cont{nucus-energy cross scctiorns, The secondary angular
and energy distributions are rssentially the sume. Occasionslly an angular
aistribution is thinned out. The differences between the full continuous
energy, the thinned continuous energy, ind the discrete rcactlion crosc sec-
tions are in thre crons saect ions themselves - the bulkiest part of the files.

Discrete~reaction tables are provided primarily ans a method of shrinking the
amount of data storage required in order to enhance the ability to run MCNP
on sm:.l1 machines or in a time-sharing enviroiment. The tables are alao
uscfual for preliminary scoping studies. They are not, however, recommended
48 4 substitute for the continuous-energy tables when perfeorming final
drsign calculations, particularly for problems invelving transport through
the rogonnncee region.
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MULTIGROUP REPRESENTATIONS

Calculations in MODEO, MODE1, cr MODE2 can also be carried out using true
nultignyup cross section data with the multigroup variant of MCNP called
MCMG. At Los Alamos we have avallable continuous-energy and multigroup
cross sections derived from the saq? source of evaluatecd data using the NJCY
processing code. We anticipate that multigroup cross section sets will
become a sixth class cf MCNP data (Class M) when the MCMG capabliity becomes
a standard feature in MCNP.

PHOTON INTERACTION CROSS SECTIONS -~ CLASS P DATA

The Class P cross sections for the photon interacticn data arc stored orn the
library **=" '8, There is only one evaluation for each value of Z; i.e., the
form cf 4IDs 1s ZZ000.01P. The reason for the simplicity of the situa-
tion with regard to photons i1s the fact that the phcton interaction cross
sections have been s0 well understocd theoretically for some time. The
"photon" cross sections used up thro?gh the time of MCNP Version 2D came
from the work of Storm and Israel published in 1972. This work was
supplemented above 15 MeV with cross sections from the ENDF/B libraries.
Now with MCNP Versio?33 we are using all cf the ENDF/B informztion provided
on the library DLC-TE distributed by the Radiation Shielding Informaticn
Center with the exception of data for Z=84, 85, 87, 88, 89, and 93 which
still irust come from Storm and Israel because they do not exist on DHQ;?E.
The fluorescence data are takcen from work by Cashwell znd Everett. It
should be noted that the photon library MCPLIB based on DLC-]E does nct dif-
fer that much from the old MCPLIB based on Storm and Israel.

Cross sections as 2 functicn of energy are giver on the "photon" tables for
coherent scattering, incoherent scattering, palr production, 2nd the
photoeluctric effect. Enerpgy grids are tailored specificzlly for each ele-
ment and contaln about 40-60 points. Log-log Interpolation is empleoyed to
determine cross sections between adjacent energies. Heating numbers iaure
tabulated on the same energy grid as the cross sections.

The determinaticn of directions and energles of scattered photons requires
information different from the sets of angular and energy distributions
found on neutrcn-interaciion tables. Angular distributions of secondary
photons are introduced through form factors for cohercnt scattering and
scattering functions for incoherent scattering. Form factors and scattering
functions are tabulated as a function of momentum transfer on the photon-
interaction tables. The energy of an incoherently scattered photon is
calculated from the sampled scattering angle. Values of the integrated
coherent form factor are tabulated on the photon-interaction tables for use
in point detector rcutines.

Very fcw approximations are made in the varjous processing codes uso»d to
transfer photon data from ENDF into the format of MCNP photon-lnteraction
data. Cross sections are reprodun=2d exactly as glven. Form factors and
scatteri{ng functions are reproduced as given; however, the momentum-transfer
grid on which they are tabulated may be different from that of the orjginal
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evaluation. Heating numbers are calculated from the evaluated data. Fluor-
escence data are not provided in ENDF; therefore, the dzta for MCNP are
extracted from a variety of sources as described in Ref. 14,

In MODE! and MUDE? problems, the photon cross sections are taken by default
from MCPLIB, because there is only one "photon" library. There is no need
to worry about specifying which photor interaction cross secticns to use
since the best available numbers are right there cn MCPLIB.

DOSIMETRY CROSS SECTIONS -~ CLASS Y DATA

Dosimetry cross sections, the Class Y cross sections, are useful in tallving
when you wish to calculate reaction rates by multiplying an energy-dependent
fluence by the appropriate cross section. The reactions of interest are
specified on the FM card; they are generally chosen from amcng those avail-
able on the Class C cross-section libraries used for the transport calcula-
tions. One is not limited to this very large set of reactions, however.
There are cross sections for additionzl reactions on assorted isotopes
avallable on the dosimetry cross-section libraries. These dosimetry cross
sections are NOT ful)l croas-section sets in ACE format with energy and 2n-
gular distributions. Most likely the list of reactions is quite incomplete;
frequently, there is only cne reacticn 2lven for a particular isotope. The
dosimetry crnss sections cannot be used in transport calculations, but they
are perfect for tallying.

Data contained nn dosimetry tables are simply energy, cross-section pairs
for one or more reactions. The energy grids for all reactions zre independ-
ent of each other. Interpolation between adjacent energy points may be
specified as histogram, linear-line~ar, linear-log, log-linear, or log-log.
With the exception of the tolerance involved in =ny reconstruction of peint-
wise cross sections from resonance parameters, evaluazted dosimetry cross
sections are reproduced on the MCNP data tables without approximation.

NEUTRON THERMAL S(a,8) CROSS SECTIONS = CLASS T DATA

Thermal S(a,P) tables are never required. They may be used in MODEO cr
MODE1 problems, and shculd be used i1n such problems involving neutron
thermalization. Thermal tables have ZAIDs of the form XXXXXX.nnT where
XXXXXX is a mnemonic character string. The data on these tables epncompass
that rrquired for a complete representation of thermz]l neutron scattering by
molecules and crystalline solids.

The source of S{a,f) data is a special set of ENDF tapes.16 The THERMR and
ACER modules of the NJOY system have been used to process the evaluated
thermal data 1nto a format appropriate for MCNP.

Data contained on the current thermal tables are for neutron energies less
than 4 eV. Cross sections are tabulated on table-dependent energy grids;
inelastic scattering cross sections are Aalways given; elastic scattering
cross sections are sometimes given. Correlated energy-angle distributions
are provided for inelastically-scattered neutrons. A set of equaliy-prob-
able final energles iIs tabulated for each of several initial energles.
Furthermore, a sel of equally-probable cosines or cusine bins {s tabulated
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for each combiration of initial and final energy. Elastic acattering dota
may be derived from elther a coherent or incoherent approximation. 1In the
incoherent case, equally-probable cosines or cosine bins are tabulated for
each of several incident energies. 1In the coherent cas~, scattering cosines
are determined from a set of Bragg energies derived from the lattice para-
meters. During processing, approximetions to the evaluated data are made
when constructing equally-probable energy and cosine distributions.

PROMPT AND TOTAL NUBAR

For several fissionable isotopes the MCNP user has avallable the choice be-
tween prompt and total nubar, where nubar is the average number of neutrons
per fission. Generally, the total fission nubar is desired for reactor-type
or steady-state problems where the effect of delayed neutrons may be
important. 1In problems where the neutron lifetime is so short that a
steady-state condition is not reached, then the prompt nubar i{s azppropriate.
Not all evaluations for fissionable isotcpes have been provided with both
prompt and total nubar, and¢ for some evaluations only the prompt nubar is
given. For the most important fissionable isotopes in ENDF/B, both prompt
and total nubar values are glven. This matter should be glven consideration
when you are setting up MCNP problems.

VALIDATION OF CROSS SECTIONS

We are proud of the extensive nuclear data libraries which are available to
MCNP users. Why are we confident that the intentions of the data evaluators
are being faithfully represented? We have invested a tremendous effort in
validating these data flles. There are two types of data vslication: in-
tegral data checking and differential data checking.

In Table I there is an outline of the areas in which MCNP and its asscclated
data bases have been used successfully in calculations. References detail-
ing much of these areas are given in Ref. 17; there are many other reports
available in which caloulations with MCNP are compared to experiments. In
Ref. 18 calculations of the Army Pulsed Reactor Division measurements, the
Oak Ridge Nat.ional Laboratory "broomstick" measurements, and the Lawrence
Livermore National Laboratory pulsed sphere experiments carried out with the
view to renormaliz.ng the air transport cross sections are described.
Several other sets of pulsed sphere calculations are described in Refs. 19-
25. The bulk shielding calculations done for the Antares Laser Fusion
Facility were carried out using the MCNP Monte Carlo rode.

An extensive series of benchmark calculations on thermal critical assemblies
has been carried out using MCNP with ENDF/B-IV data. The calculations were
undertaken to documecnt the thermal scattering model and the improvements in
the treatment of the S(a,f) scattering law data as implemented in MCNP. The
results are given in detail in eleven tables in Ref. 26.

Infinite lattice benchmark calculations using MCNP with ENDF/B-1V data for
light-water-moderated uranium metal fueled assemblies, for the lighct-water-
moderated uranlum oxide fueled acsemblies, and for a heavy-water-moderated
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uranium metal fueled assembly have been performed. Infinitely long hexa-
gonal cells with reflective boundary conditions were used; the results were
reported in detail in Ref. 27.

Extensive neutronics calculagbans rorzgagnetlc fusiun reactor designiosuch
as the Elmo Bumpy g?rus (EBT), Linus, Reversed Field Pinch Reactor and
Fast-Liner Reactor concepts have also been carried cut using MCNP.

The success of the calculations mentioned above plus many others stands as a
commentary on the MCNP code and “he datz Luses associlated therewith, If In
MCNP calculations we handle the nuclear data as the evaluators intended, the
successful calculations would indicate that the evaluators have done their
jobs well., It is true that disagreement between calculated and experimental
numbers has been known to point to flaws in the ACE-formatted cross sec-
tions; that's why we calculate these experiments, Eut more frequently the
lack of agreement between calculation and experimant can be traced buck to
problems in the evaluations themselves; in this way we find ourselves an in-
tegral part of the nuclear data evaluation cycle. Our criticisms of
evaluations based on the results of MCNP calculations will be meaningless if
the data are not handled in the code as the evaluators intended. Checking
the pointwise cdata files themselves as processed into ACE format by the NJOV
code 1is what we refer to as "differentlal" data checking. We look at the
flles directly and calculate quantities therefrom for comparison with the
same quantitlies calculated from the original evaluation. The bulk of the
"differencial" checking effort 1s spent In examining the bulkiest part of
the ACE libraries - the energy dependent reaction cross sections. Sets of
multigroup cross sectlons are calculated from the original ENDF/B cross sec-
tions and from the cross sections in ACE format using the same weight
function. One does not expect the corresponding multigroup rumbers to be
identical due to the effects of linearization of the original data and due
to thinning, but it is amazing the discrepancies in ACE-formatted data that
have been pointed out. You can be sure that anomalously poor comparisors
point to some sort of problem in the data translaticn.

There are other tests and many plots made for comparison from both the ACE
and the original evaluated data. The most disconcerting aspeccet of this
checking effort is that automation “hereof {s only part of the battle.
Eternal vigilence is the price of accuracy.

CHOOSING YOUR CRUSS SECTIONS

The matter of how to select neutron-interacticr. tables appropriate for your
calculations will now be discussed, Multiple tables for the same ir tope
are differentiated by the "nn" portion of the ZAID. The easiest choic: for
the user, although by no means the recommended cne, is not to enter the "nn"
at all. This will force MCNP to select the default tables based simply on
those tables that are found first in the cross-secticn directory file XSDIR.
Including a DRXS card in the input file will force MCNP to choose the
default discrete-reaction tables.

Why not Jjust use the default cross sections? What's wrong with them?
NCTHING i3 WRONG with them. They are frequently the verv best cross sec-
tions we have to offer. Careful users wi{ll want to think about which
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*neutron" cross-section tables to choose. There i{s, unfortunately, no
atrict formula for guicdance in choosing the tables. The best that can be
offered is a series of guidelines and observations: 1) Users shoulé¢ be
conscious of the differences between the "original®™, "thinned", and discrete
cross sections. The evaluation source is the same; the "original" ACE-
formatted cross sections reproduce the evaluated data most faithfully.
*Thinned"” cross sections have been processed with less rigid tolerances.
LCiscrete-reaction cross sections are given as histograms. For high-energy
problems the thinned and diacrete-reaction data are probably not bad
approximations. Conversely, it is essential to use the most detailad con-
tinuous-energy set avallable for problems influenced strongly by transpor'
through the resonance i‘egion; 2) Users should be conscious of the dif -
ferences In evaluators' philosophies. The evaluations from the Physical
Data Group at Livermore (ENDL) manifest a philosophy of representing the ex-
perimental data with the fewest possible r~{nts. Evaluztions from the
Applied Nuclear Science Group at Los Alamos are frequently the most complex
because they arc the most thorough; 3) Check the temperature at which
various cdata tables have been processed. Do not use a set that is Doppler-
broadened to 12 million degrees K for a room~temperature calculation; U)
Check the sensitivity of your results to various sets of nuclear data. Try,
for example, a calculation with ENDF/B cross sections, and then repeat the
calculation with ENDL cross sectic.s. If the results of a problem are ex-
tremely sensitive to the choice of nuclear data, it is advisable to find out
why. Much insight inte your calculation can be gained from understanding
these differences; 5) For a MODE1 problem, be careful to choose cross sec-
tion tables with which photon production data are available. If possible,
use the more recent sets that have been processed with expanded photon
production; 6) As a general rule, use the best cross section data you can
afford. It is understood that the latest evaluations tend to be morc com-
plex and, therefore, require more memory and longer exrcution times. If you
are limited by avallabie memory, try to use "thinned" data tables for the
minor isotopes in your calculation. Discrete reaction tables might be useaq
fc~ o parameter study, followed by a calculation with the full continuous
energy data tables for confirmation.

The additional time required to choose appropriate neutron-interaction data
tables rather than simply to accept the defaults will be repaid in the un-
derstanding of your calculation whic!: is gained thereby.

CONCLUSION

The glory of continuous-energy MCNP i{s that one can mcd«l the geometry and
particle transport in difficult problems nearly exactly. The possibiljities
of representing compl icated geometries in MCNP are limited only by the
dedication of the user. That dedication pays off, because in rcproducing
the intentions of cross-section evaluators, MCNP stands second to none in
the faithful utilization of even the most sophisticated ENDF/B evaluations.
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TABLE I
MCNP APPLICATIONS

Nuclear Safeguards

Well logging

Radiation shielding studies
Radiation safety

Physics cxperiments

Fnergy deposition {n materials
Reactor design

CTR neutronicy

Radlopraphy

bata veri{fica.ion

Inatrument deaign

Radiat ion damage of material
Material activat.ion



