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MCNPIX Transport in the Tabular Regime 

I-I. Grady f-Iughes 

Los ~/O"'Q' N~lio.wllAborQlOry 
Group X-3-MCC, MSAU] 

{-OS Aklmos. NM 87j~j USA 

>l.h""ct. We review the transport ca""bilillcs of the MeNP and MCNPX Monte Carlo coo •• ,n 
til< en"'iY regime. tn whkb tabul ... transport data ",e avail.ble. a"ing sped.1 all.nll"" 10 
""utron abl ... we emph.,i.e the measUfO. token ", improve the lItalment of • variety of 
dimeul. "iPI't'" of the 'n"'sport pmbkm, including uno:sol,-ed ",""nanc •• , thermal i ....... and 
'he ,voil.bili,y of $unable CrnSS <ections; <e". We 8100 bneny tOUCh on the cuncnt .iw.tiOll in 
regard to photon, .I«fron. "nd proton tranSpoll l.bles, 

K<~''' Ortb' Monte Carl": neutron lnlrul\>()rt; particle tran,port; nuclcar do,. IAble •. 
fACS,2UOGd 

INTRODUCTION 

Traditionally, and quite I.ln<Jcrslan<Jahly. high-energy particle transport c()<ks have 
enjoyed less el\tcn~ivc development for tho: !oW-L-nergy regime lhan for high-energy 
proc~-sses_ However, many aspects of low-energy transport arc imp<,rtant for high­
cnergy facilities and experiments. For ellample, the low-energy ba~kground of an 
cllperiment can significantly impact its intcrpretation. Similarly. the proper 
characterization of low-encrgy contributions to calorimeters can be cssential. as is 
discussed elsewhere in this meeting. Serious personnel safety issues in facility 
shielding d.:sign also mandate a full understanding of the transport cascade, including 
the effects of low-energy partick-s. Some high-cnergy facilities (spallation sources) 
ell ist enti rely for the pUTp<Jse of producing low-energy sccondary particles, su~h as 
nt"Utrons for materials science research, rroduction of oseful isotopes, etc. 
Environmental issues, such as air and groundwater activation, are also related to low­
energy particle behavior. For these and other reasons, the developers of high-energy 
transport codes are putting increa~ing efforts into impnJVing their modding of 
transport in the low-energy regime 

In contrast to most high-energy codes, MCNpl bt:gan life as a low-energy code 
transporting neutrons and photons (and later elCl;trons) in cncrgy nmges typically 
below 20 MeV. Important applicatioos included reactor design. criticality safety, 
radiation shielding and protection. and later electron accelerator design, medical 
physics. and many oth~,.- aspects of the low-encrgy world. Before high-energy 
transport methods and an clltcndcd set of particle types were introduced. first in the 
MCNPX code and later in the (not yet released) dcvelopmcOIal vcrsion} of MCNP 
itself. low-energy capabilities benefited from the foil attention of thc MCNP 
devclop<..""TS. As a resolt, the MCNP/X codes arc a uniquely valuable resource 



especially for high-<:nergy applications in which the low-energy component is 
important. (n this paper we shall reviev." a number of the specific capabilities of the 
MCNI'IX codes in the low-energy regime. with panieular attention to those aspects 
that arc associated with use of nuclear data tables. 

EVALUAT£D NUCLEAR DATA TABLES 

Thc essential source of thc transport physics for MCNP is the collection of 
evaluated nuclear data tables that are developed and distributed with the code. MCNP 
uses data tables in a format based on the Evaluated Nuclear Data Filc" (ENDF), a 
national (and by now international ) standard for format and contt:1lt established and 
monitored by the Cross Section Evaluation Working Group (CSEWG). The ENDF 
tables can be supplemented by other evaluated sets such as the Evaluated Nuclear Data 
Library (ENDL). leading to a powerful and quite general compilation of data for use 
in transport calculations. For example, a recent release of cross-section data fur MCNP 
in"ludes 974 "oontinuous t:1leTgy" neutron tables cl)vering 250 isotopes among 80 
clements ranging from Z~I to Z~98. 

There are a number of difT~'fent kinds of tables rtlpresented in the collection of 
transport data distributed with the code. We have mentioned "continuous cncrgy" 
neutron tables. which constitute the most detailed avai lable description of neutron 
transport. These tables typically address neutron processes from very low energies (on 
the order of 10.5 eV) up to the MeV range. Older tables, driven by applicat ions such as 
reactor design or radiation shielding. often ended at 20 MeV. More recent ENDF 
releases, motivated by applications to bc addressed by the MCNPX code. continuc to 
150 McV. We shall discuss the contents 1)1' continuous-energy neutron tables lfl thc 
ne»t section. and the supplementary 5«(1.11) thennal tables in a later section. 

Besides continuous-energy data. MCNr can usc multigroup tables f;\miliar n-om 
detenninistic methods. This kind of data table represents the cross sC\.1ions as aVCTages 
over energy group-s weighted by assumed energy-flu» spectra. Tbe energy groups an: 
generally much larger than the resolution of continuous-energy tables, so that much 
detail is lost. especially in the neutron resonance region. For example, Figure 1 shows 
the total cross section for natura!ly occuning iron over most of the energy range of the 
ENDFIB-Y evaluation, contrasting the detailed presentation of the continuous-cnergy 
table (26000.55c) with the relatively crude representation of a typical muJtigroup table 
(26000.55m). Further, the dependence on the assumed energy spectrum makes the 
results quite problem-dependent and requires a great deal of insight in thc selection or 
preparation of the cross sections. For a wide range of Monte Carlo applications, there 
is now linle reMOn to prefer a multi group approach. However. thcre are special 
circumstances in which mult igroup 1rdnspon offers oonsiderable advantage. For 
example. in simulations featuring diffuse. extended sources and very localized 
detectors (tallies), the adjoint method win Wiually provide a mure efficient cah.:ulation 
than the standard forward method. Adjoint Monte Carlo in MCNP is only available as 
multi group transport and requires the use of muhigroup cross sections. Another 
popular method requiring muhigroup tables is the simulation of coupled 
electron/photon transport by the Boltzmann_Fokker_Planck6 (Brr) algorithm. Here the 
electrons and rhoton masquerade as neutrons and appropriate muJtigroup tables can be 



genenmxl with the CEPXS J code developed by Sandia National Laboratory. Another 
area ofrccent intercst is the use of a detenninistic mcthod to pre-calculate phase-space 
importances or weight-window parameters for variance reduction in a lorward Monte 
Carlo calculation. In this hybrid method, the multigroup cross se<:tiOlls lor the 
deterministic calculation correspond as closely as possiblc to the continuous-energy 
cross sections of the eventual Monte Carlo calculation. Finally, multigroup 
calculations may be needed in the context of validation and verification to compare 
Mome Carlo results with those of deterministic transport methods, in scoping studies 
or sensitivity studies, or \0 simulate isotopes for which <.'(Intinuous-energy cro,ss 
sections arc tmavailable, 

FIGU RE t pla« hotd .. 

FI GURE I. T o .. t cross sectIOn (or namratly-<>ccumng Iron from ENDFIIJ-V (26000.SSC) and from IUl 
E.o"lDFill-V ·based mult,group tabul.,;"" (26000,SSmj. 

The data libraries distributed with MCNP also include an extensive set of neutron 
dosimetry cross sections. These tables arc not full tmnsport tables in the s~"Ilsc of the 
ne~1 k-ction, and ~annot he used to model the neutron transport in the sp.x;ilied 
isotope. Rather Ih",y wntain energy-dependent cross sections for various specific 
reactions that neutrons may induce in the particular isotope. Thus these tables arc 
suitable for calculation of reaction rates for trae", clements in an e~perimem by 
imegrating the reaction cross sections weighted by the neutron em:rgy-l1ux spectrum. 
This capability is frequently used in neutron dosimetry and ncutron activation 
applications. To gencrate these data, ENDF sources (ENDF/B-V Dosimetry Tape 531 
and Activation Tape 532) are supplemented with ACTL1, an evaluated neutron 
activation cross-section library from Lawrence Livcrmore National Laboratory. The 
curr~"l1t MCNP distribution includes 463 isotopes of82 clements from Z~ l to Z~98 . 

CONTENTS OF CONTINUOUS-ENERGY NEUTRON TABLES 

Continuous-energy cross sections are not, of course, continuous in the mathematical 
5t11S"". They arc necessarily tabu lations of various data at a discrete set of CIlt1"gies. 
The word "continuous" is meam to suggcst that. un like multigroup data, the tabulation 
IS for a set of energies sufficiently dense that aU of the edges. resonances. and sundry 
features of the physical ""valuation arc wmpletcly represented to within some 
prescribed small tolerance. WIth modem data, that tolerance is typically I % Or beller. 
Many l"I."Ccnt tables have been processed with lolt1"ances of 0.1 %. In or(kr to pnlVide a 
complete description of the physical processes, data libraries must incorporate a large 
amount of information. There musl be a traosport table available for each isotope 
present in a simulation. Each of thcse tablCll must provide as a function of en<-Tgy a full 
accounting of the reactions that a ncutron may undergo with the given isotope. For all 
Cnl.Tgies. total. absorption. and elastic cross sectioM. and average heating numbers arc 
given. For each reaction channel in the evaluation, partial cross sections alld reaction-



specific Q-values arc providL'tl. For every reaction pr"d"<:lng 'L"'onJ~ry ]Iamcie;; 
(other neutron, photon,. or "thL']" partiek'1' types). enL']"gy and ungular probability 
distnlmwm, Ii" s:lmplmg mu~t ClIi~t. TIIL'!"e may be a lurge number of reaction 
channels. For e~amplc ~ rceell! tabulutipn for "'Fe (26056.661.') contains individual 
information ror (n.20). (!l.np), and (n.na) reactions. for excitation to the fiI1it Z5 
excited stntL""S, and for c.leHation 10 the continuum. For fissionable iSiltopcs. total 
tission cross sections and average v (number of fission neutrons) must b" present 
along wIth fission neutron CIIergy distributions. In many L'3",",S . both v and tisswn 
nL'Ulmn sp.;ctra will he labulated sC)mratcly for prompt I,,;s,,,n and f"r """eral Inode;; 
of dcla)'L"<lliSSlon together wIth channel pmbahdlti.::s 

In Ihe general ion "f scc"ndary pamcles. S"me sampling d,stnbu!]ons arc correlated 
III reacti"n chrnmcl. energy. anJ anglc. Fur cX:lmpk chstl<: sealtering I, 
mIcroscopICally correct becau,e energy-momentum "mlservati"n can bc Imposed III 
the ~ampllllg pn)(;e~, . Some oth", samplIng dl~trihutiun are cnupkd in "n~rgy and 
angle a~ wcll. H<.mcvcr. many distributIons fOT secondary particles arc provided as 
tndcpcndcnt cnergy sp~ctm and lIngular dtstributions and thtrefore lead to 
uncorrclat~-d sampling of the stX:ondury·partide phase space. In adJi lion. in any 
r~'ltction g;'1lerating more than one secondary partiek. the various partieks lTom thc 
reaction will be sampled independently. 'nlc b<""St-known example of this situation tS 
tile fact that ncutron-induced photons arc generated from the photon-production 
pmbahihty <hstributions WIthout r.::gard to the ~ck.:tion of the actoal neutron rea;.1ion. 
The resul! of all lhis lack of correlation is thaI .\1CNP. nsing tabnlar neutron dala, is 
not well suited 10 the SImulatIon of ~o,"eidcnee eXp<:nmcnlS and other application of 
"rnicro~copical\y correct"' t~l\ics. How<l\"cr, these malleTS ~re irrekvant \0 the 
macmsl:opk taHi~""S of :v\CNP such (l5 p:,rtlcle flux and current. energy spectra. ilnguhtr 
dJSlnbutiotls. rcacliun rates. energy depo~ltion. dc. For lhe,e standard cu\culatloll!; of 
integrated qu;mtiti<""S. the Important tSSuc tS the ~orrecttlcss of the transport tIlethods til 

the average. 

UNRESOLVED RESONANCE PROBABILITY TABLES 

III Figure! we saw all e~ atllpk of a eTo~s_scction table containing sllfliciL~n data t{) 
rcprcSCIlt an essenttally et"llplcte de5criplton of the tr:l.n."port proc~-s.~ o~er the ent;re 
runge of thc table. By COnlrasl consid..,r hgur~ 2. whl~h shows twO dltTer~'l\ 

labulaltons of thc IOtal cross sec\ton for m U, sp~"cifica\ly an ulcer set from E~DF!El-V 
(<,12235.500;) and a ncv.cr SCI frum ENDF/B-Vl (92235 .69c). The abrupt loss of detail 
(at just above 0.08 keV for the older table and above 2.25 keV for the newer) clearly 
lIldieall,,'S that the nuclear resonance rel,~o" is incomp\ctely d~'SCrihcd in both 
~\"aluations. In fact the resonance region for mU e.xtcnds up to 25 keV. The 
meandenng curve represent'"g the total eross sc::<:tioll abuvc the d~"lailcd ~ion ofthc 
re>onanc~ "'IP"n ", simply an avcr .. g~ of the cross section over energy ranges in which 
full data arc not availahle. The ncglect of thc dctads of the cross s<xtion in the 
un"."sol,·ed-resonancc rcgiol! would ignore self-sh;eld; ng effccls. which cal] haH' U 

sign; t!catn Impact on the results uf thc ca!culalton. While the apph~atllln programmer 
should be strongly motlvatL-d to osc the btest eross-scctlOn sets, wlIh their llIercaSC1l 
cO\"l']"age of the resonance r~gilln. the problem of an unresolved region remains. 



Fortunately, modern evaluations provide an ~x<.:~lkm approximation for dealing with 
this problem, Bcginning with MCNP version 4C (and therefore MCNPXj and later 
versions, the code is aole to tah advantage~ of cross-section probability tables derived 
from statistical infonnation In cvalu.1tions such as average level spacings and average 
resonanee width~. \\!hen these <1.,t" arc provided in a transport table. a probabilistic 
approach ~"" be taken in which the cro~s se<:tion encountered by Ihe ncutron in the 
unresolved r~sonancc region is sampkd from a probabllity distribillion, With 
appropriate altention to the transport logic. self-shielding can be well simulated even 
in the absence of detailcd knowledge of the energy-dependence of the cross section. 
The corrent data distribution incorporates probability-table data into the cross-section 
tables of 72 isotopes among 21 elements from Z=40 10 Z=98. 

H CtJR.: Z. TOlllt Cr¢<.' _"on fOf "'U from £'-.DFiB·V and from ENDFIB_Vl showing d", dtt.,kd 
rcpT<'!lCntA"on of the r~",nanc~ TCWon <mly up to 0,08 kV for the earlier M'atuat;un (92235.5Q.c) and up 
to 2.2S keV for the tater {922JS,6~). NeIther evatuauon pr<WldH a comptete rep.-esenuttton up 10 the 
lnIc mel of the fCSO"""'OO regl"" (about 25 KeV) 

THERMAL ISSUES 

Each neutron transport table in the data distribution has been created for a specific 
temp.:rature. Usually this IS room temperature (293.6 K), but for selected IsotOpes, 
other temp~'TlIturcs (e.g, 20 K, 77 K, 600 K. 3000 K, etc.) are provided, For 
simulations of systems at temperatures other than those provided in the cross-section 
sets, the results can be alfected because of the different thermal velocities of the targd 
nuclei. In MCNP there is a straightforward analytic/stochastic method (the free-gas 
model) for dcaling with this situation, but this m~1hod applies only to the elastic 
seauering channel of the cross section, For problems not dominated by clastic 
SC3ucring, the temperalure depcrnknces can be important. The differences in the 
resonan<;c region betwccn cross sections evaluated at different temp~TlItures can be 
quite significant and can have severe effects On the results of the calculation. Onc 
really nt't'ds cross-section sets eval t.tated at the correct temperature uf the );ystem. 

MCNP docs not usc the ENDF-formal files directly. Rather a processing code such 
as NJOY'o is used to write the eross-seetion tables in a fonnat called ACE (A 
Compact ENDF) wilh is used directly by the codc. It IS at this step thaI a specific 
temperature is selected. Thus to generate cross sections at a particular temperature not 
available in the standard distribution, one would expect to have to run NJOY, This has 
never been an easy matter for the ordinary applications programmer. because NJOY is 
an extremely complex program with a daunting array of oplions, and is gcnerally 
considered something that should be approached only by a specialist in the program. 
Recently, however. the portion of the logic of NJOY relating to temperature 
dcpetldcnec has been isolated in a UstT-friendly code C<lJled DOPI'LER II and. even 



more conveniently. has been incorporated into the cross-section librarian called 
MAKXSF. which is di stributed wi th the MCNP code and datil. It is now easy for the 
us",!, to take an existing cross-section table (or two) and geneTate a corresponding table 
at a diff,,'fent temperature. There are two cases. FiTSt. for tables in which the resonance 
region is completcly describ~'Ii (or for an application in which the unresolved 
rcsonance region is unimportant) one needs only a reference table al a low~'f 

temperature than that desired. The MAKXSF code can produce a Doppler-broadened 
table for the needed temperature. Second, for unresolved-resonance probability tables 
or for the S(a,/J) Ihcrmaltables to be discussed in the next section, one needs tables 
evaluated above and below the desired temperature. Then the MAKXSF code ~an 
interpolate to produce a table at any tcmpt:rature between the two reference tables. 

THERMAL NEUTRON TRANSPORT TABLES 

In the previous section we discussed issues related to thennal motion of target 
nuclei and associated with Doppler broadening and Ileutron/nu<.:leus kinematics. There 
arc also more difficult issues affecting low-energy transport, including molecular 
binding effects. vibrational/rotational levels, lallice spacing, crystal Structure. and 
other solid- and liquid-state properties. The standard ENDF evaluations concentrate on 
the neutron/nucleus interaction and do not address these matters. Revisiting Fib'Ure I. 
for example, we see no detail at low energies. In the themJal regIOn, at energi.:s from 
about 4 cV down 10 10" eV. lhe cross sections fall into simple IIv fom) ignoring the 
eomplextties of the lov,'-Cflergy regime. In MCNP the ~t currently-avai lable 
approach to improving this situation is the usc of S( ((,~) transpon tables. These tables 
an: presented as scattering matrices. correlated in scattered energy and angle. and 
altcmpl;ng to represent the effects of many of the physical processes that complicate 
the low-cnergy neutron transport. When present, they replace the standard cross 
sections for neutron energies below 4 cV. For apphcal;ons in which the thennal 
regime is importam. the use of appropriate S(a,P) tables can be essenllal for obtaining 
accurate results. In the current data distribution there arc S(a.p) tables available at a 
variety of relevant tempt:ralures for beryllium metal, beryllium oxide, benzene, ortho 
and pam liquid hydrogen, ortho and para liquid deulerium. graphite. deuterium in 
heavy water. hydrogen in light water, hydrogen in liquid methane. hydrogen in 
polyethylene. hydrogen in solid methane, and hydrogen and zirconium in zirconium 
hydride. Although th is colloction is a powerful resource for applications that arc 
covered by this hst, it is clear that this is a very limited list considering the vast range 
of appl ications that can ari ~c in the thennal regime. Obviously this is an arta that can 
benefit greatly from future expansion, 

PROTO·ATOMIC AND ELECTRON TRANSPORT TABLES 

MCNP also simulates the coupled photon/electron cascade using methods based on 
Ihose of the ETRAN" codt:s and of the Integrated TIGER Series lJ

. Photo-atomic 
transport tables provide data describing the four basic pholOn interaction processes. (1 ) 
At photon energies above the threshold (2m! for electron mass mI. the photon may 



pmduce an elcctron/positron puir. The sclox:tion of energies for the two products is 
basc<.l on Bethe-Heitler theory" , and the angular dIstribution comcs from an 
adaptation of high-energy theory. Triplet production is nO! eonsidcred scpamtely from 
pair production. (2) Compton (ineoherem) scat1~'1ing is basl-d 00 the Klein-Njshioa'~ 
cross 5<:(;tion, but is modified by fonn factors that pal1ially account for the cll'e<:ts of 
binding energy on the anb'Ular distributiun l6 . In a recenl enhancement, MCNP also 
takes advanwge of data to include the effects of the momentum of bound electron~ on 
the Compton energy distribution. This capability is sometimes confusingly called 
Compton Doppler broadening. but dOt:S not have anything to do with thennal motions 
of the target atoms, whieh an: nvt considered for phv\on or electron transport in 
MCNP. (3) Thomsnn (coherent) scattering. arguably the least impol1ant of the 
principal proct'Sse5, is optionally included in th~ transport and is also modified by 
lonn factors. (4) The photoc!o;,clI-;c jntera~tjon is the most approl<imatc of the four 
treatmenls. MCNP treats only K-shell vacancies and produces at most two fluorescent 
photons or 3n Auger electron. The lint'S that 'nay 1><: se1e~led are restricted 10 (L3 ..... 
K), (L2 - K). (mean M ..... K), (mean N - K), and (mean upper levels ...... L). These 
limitations art: somewhat mitigated by the fact that photon/electron transport in MCN!> 
never el<hmds below I keV, and is often limited to still higher CIlergies. Nevertheless, 
the improvement of the trcatmC11t of this low-energy regime is a des ired fUTure plan for 
the MCNP/X developers. The upper energy limit for the most rcecnt photo-atomic 
tables is 100 GeV. 

Eil-ctron tahles, supplemented hy analytic models, also support the modehng of the 
photonfelectron cascade. MCNP treats brcmsstr ... hlung as in Version 3 of the 
Integrated TIGER Series' 7, including its effect on stopping powers. Knock-on 
electrons ar~ sampled from the Moller cross section '!, with angular distributions 
determined from kinematics. Characteristic X-ray and Auger electron production rely 
00 Kolbcnstvedt's cross se.:tion'9 and are restricted to the sanle lines mentioned above 
for photoelectric events. The electron angular deflection is calculated from the 
Goudsmit·Saunderson distribution2(l, and the electron energy loss straggling is based 
on Landau's theQry ' with the various ext L~ISioos described in Ref. 12. The IOW-L1lergy 
limit of the MCNP electron tables is 1 keV, as is the case with photo-atomic tables. 
For hislorical r~asons, the upper energy limit for theclectron tables IS 1 GeV. 

PHOTONUCLEAR TABLES 

A ret~nt enhancement orthe transpol1 capabilitit'S of MCNP is the addition of code 
and data to support the simulation of photonuclear reactions at low energies. (Various 
event-generator models such as the Cascade Exciton Model l::1 and Los Alamos Quark­
Gluon-String Model2) deal with photonuclear react ions, but become inereasingly 
uncertain at low energies.) Photonuelear tables contain en,:rgy-dcpcndL1lt photon cross 
5<:(;tions for nuclear intcrachons leading 10 the production of photons, neutrons, 
prolons, d~terons, tritons, helions e He), and alpha ('He) particles. The tabular data 
are l imi t~d to energies below 150 MeV and address pho1Oabsorplion b1 the excitation 
of either the giant dipole rcsonancel< or a quasi-deuteron nucleon pair" .21. Production 
data including energy and angular distributions are given. In contrast to photo-a1Omic 
tables, which are provided for clements and make no distinction among isotopes. the 



photonuclear tab1<..-s are isotope-specific. The initial relcasc2! of ~hotonudear table, for 
MCNPfX contained only 13 isotopes: 2H, !lC, 160 . 11AI, 21SI. Ca, SOFe. 6JCU, 1!I Ta. 
IJ .. W. 206Pb, 201 pb, and 10!Pb. This is an area which will be greatly aided by the 
eventual availability 10 MCNP/X of the newly released ENDF/B-VU data:!9. 11,at 
compilation will include a new sub-library with 163 phOlOnuclcar evaluations. 

PROTON TRANSPORT TABLES 

Proton transport tables were developed at Los Alamos in order to support the 
Accelerator Production of Tritium program, the samc program that was a major 
driving force behind the original dcvelopment of the MCNPX codc itself. These tables 
include total. nuclear clastic plus interference, and inelastic cross sections; production 
cross sections for photons, neutrons, protons, deuterons, tritons, hellions. alphas. and 
heavy recoils; double-differential (energy and angle) production spectra for neutrons, 
protons, ueuteruns, tritons. h.dlions. and alphas; ami angle-integrated emis~i'm spectra 
for photons and heavy rtx:oils. Lik", the pholonuclear tables, proton tablC5 providc data 
up 10 ISO McV. These tables are intended 10 describe nuclear reactions only: energy 
loss and angular deflection caused by collisional multiple scallcring are to be modeled 
by other methods. Traditionally in MCNPX. these processes were simulated using the 
Vavilovo model and a Gaussian approximationll described by Rossi. Recemly we 
have deyeloped and implemented a new multiple scattering model'" that takes into 
account projectile and nuclear target fonn factors. and provides a coupled sampling of 
both collisional energ~ loss and angular dcnection. 

The initial ",lease J of proton transport tables for MCNPX included 42 is()topes 
ranging from 1 H 10 l'»ai. The release if ENDFlB_V IIZlI will expand this list somewhat, 
adding six more protOn tables and l1ltroducing live tabl e~ for deut\lron projectiles. 
threc for tritons, and two for hclions. The new projectile types will present a wcleom\l 
challenge to MCNPIX devclopers to generalizc the code, which current ly assumes that 
only neutrons, photons, electrons, and protons make use of transport tables. 

SUMMARY 

We hav\l pre;;",mcd a basic introduction to the capabi lities of the MCNP and 
MCNPX transport codes in the low-L"1lcrgy regime. with particular attention to the use 
of transport data tables. These codes offer powerful and accurate methods for the 
simulation of particle tmnsport, especially for applications in which the details of all 
energy ranges are important. 
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