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TRANSX 2: A Code for Interfacing
MATXS Cross-Section Libraries

to Nuclear Transport Codes
by

R. E. Mackarlane

ABSTRACT

TRANSX 2.0 is a computer code that reads nuclear data from .
library in MATXS format and produces transport tables compatible
with many discrete-ordinates (Sy) and diffusion codes. Tables can he
produced for neutron, photon, clarged-particle, or coupled transport.
Options include adjoint tables, mixtures, homogeneous or hcteroge-
neous self-shielding, group collapse, homogenization, thermal upscat-
ter, prompt or steady-state fission, transport corrections, elastic re-
moval corrections, and flexible response function edits. This report
describes version 2.0 of TRANSX, which was prepared in Jauuary of
1992.

I. INTRODUCTION

Discrete-ordinates (Sx) transport codes, which solve the Boltzmann equation
for the distribution of neutrons and photons in nuclear systems, have reached a
high level ¢ F develo: 1ent. The early one-dimensional codes DTF-IV! and ANISN2
are very widely used. The development cf diffusion acceleration? as well as increas-
ing comnuler speed and capacity has made detailed transport calculations inore
economical; as a result, codes such a ONEDANT4 and TWODANT® are seeing
increasing use. The toroidal geometry capability of TRIDENT-CTRS and its suc-
cessor TRISM? are very useful for fusion reactor analysis. The DIF-3D8 diffusion
code and Monte-Carlo codes with multigroup capability like MCNP? are also used
frequently.

However, many of the users of transport codes have the same complaint: it is
hard to get good, up-to-date, documented cross-section data and prepare them for
input into these codes. The difficulties are multiplied if there is anything unusual



about the problew, such as fine groups, self-shielding, transport cruss sections,
or sophisticated response edits (e.g., heating, damage, or gas production). This
report describes o utility code called TRANSX (for transport cross-section cude)
that works together with a generalized cross-section library called MATXS (for
material cruss-section library) to give the transport code user easier access to
appropriate nuclear data and some capabilities difficult or impossible to get with

any other system.

The version of TRANSX described in this report can be used to construct
data for fusion reactors, fast fission reactors, thermal fission reactors, and shiclding

problems. Its main weakness is in computing resonance effects in thermal reactors.

TRANSX was originally developed in the late seventies to handle cross sec-
tions for fission, fusion, and shielding applications at Los Alamos. In the early
eighties, extensions to iiandle heterogencous self-shielding problems for fast reac-
tors were added. In 1984, a version without the fast reactor features was rcleased
as TRANSX-CTR.10 It was especially well-suited for problems in controlled ther-
monuclear research (CTR) because of its ability to prepare coupled tables and
response edits for heating, damage, gas production, and delayed activity. Various
later versions have been made available without formal release or complete docu-
mentation; for example, Version 1.11 has been available as S11 at Los Alamos, on
the Magnetic Fusion Energy (MFE) computer system at Livermore, and on the
San Diego Super Computer Center system since late 1987. Version 1.13, which
includes charged-particle capabilities, has been used extensively at Los Alamos.
This gradual accumulation of changes and new capabilities, plus the need to react
to a new version of the MATXS format developed for NJOY 91, plus the need for
a fully documented code more consistent with modern Quality Assurance (QA)
requircments, has led to the creation of this new version.

Section II of this report discusses the data needs of the typical Sp; codes and
describes the theoretical background; Section 11I gives detailed examples of a wide
variety of problems that can be solved using TRANSX; Section IV contains de-
scriptions of the input and cutput files used by TRANSX, including the MATXS
cross-section library; Section V summarizes several available MATXS libraries; and
Section VI gives a detailed discussion of the code aimed at programmers who have
to convert, modify, or maintain the code. Several appendices are attached that
give the format specifications for the input and output interface files and partial
listings of the outputs from the sample problems.
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II. DATA NEEDS OF TRANSPORT CODES

I1

The Sy transport codes solve the equation

N
p%¢,(u,z) + 7N (2) ool ) = 3 Pelw) Y05 (2 bigr + Solpenz) . (1)

¢=0 9’

where one-dimensional plane geometry has been used for simplicity, u is the scat-
tering cosine, z it position, ¢(u,z) is the angular flux for group g, ¢, is the
Legendre flux for group g, Pe(p) is a Legendre polynomial, and S,(u,z) is the
external and fission source into group g. The cross sections in Eq. (1) must be
defined to make ¢, as close as possible to the solution of the Boltzmann cquation.
As shown in the refercnce,ll the multigroup Boltzmann equation can be written
in the PN form:

N N
#%w(#,zHgf’c(#)aﬁf(Z)% = ;)Pc(u)ZOZ’I'_,'(Z)¢¢¢+5'9(#.2) y (2)
= = g’

where the Py cross sections are given by the following group averages:

o / o(E)W(E)dE
Ong = z ' (3)
W(E)dE
/’ «(E)
and
/ dE" / dE o E'—E)W(E')
UZ.N_’J= g g (4)

/ dE' W,(E')
’l

In these formulas, o¢(£) and 7, E’—~F) are the basic energy-dependent total and
scattering cross sections, and W,(E) is a weighting flux that should be chosen to
be as similar to ¢ as possible. As will be seen later, these Py cross sections are
available on the MATXS libraries produced by NJOY.12 13. 14, 15 wheq Eq. (2)
is compared with Eq. (1). it is evident that the Sy equations require

SN _ PN
Ilg-—gl = algo—gl for g, # g9 . (5)
and
SN _ _PN PN | _SN
Otgmg = Olyg ~ Oty +95 (6)
where o;N is not determined. The choice of af” gives rise to a “transport ap-

proximation” and various recipes are in use.



A. Transport Approximations

It is convanient to write

SN N
Otgeg = al,;.N-p (ally - olg ) A (7)
and
oSN = ofN — Al . (8)

The term in parentheses corrects for the anisotropy in the total reaction rate term

of the Boltzmann equation, and A:’ can be chosen to minimize the effects of
truncating the Legendre expansion at {=N. The recipes available in TRANSX are

as follows:

Consistent-P approximation:

A‘v =0, (9)
Inconsistent-P approximation:
A;v = "5’: = 05’1':.« ’ (10)

Diagonal transport approximation:

A:' = a::;v aN#l 29 + aN-}l,g—-g ’ (ll)

Bell-Hansen-Sandmeier or extended transport approximation:

Al = 59""’5‘1].:,"’2"5’114’-—. , (12)
s
and
Inflow transport approximation:
Y R gy PN
AN = ofN - off, s+ 2 ry . (13)

The first two approximations are most appropriate when the scattering orders
above N are small. The inconsistent option removes most of the delta-function



of forward scattering introduced by the <orrection for the anisotropy in the total

scattering rate and should normally b more <onvergent than the consistent option.
For libraries produced with an £-independent flux guess and in the absence of self-

shielding, the difference between “consistent” and “inconsistent” vanishes.

The diagonal and Bell-Hansen-Sandmeier (BHS) recipes make an attempt to
correct for anisotropy in the scattering matrix and are especizlly effective for
forward-peaked scattering. The BHS form is most often used, but the diagonal
option can be substituted when BHS produces negative values.

The inflow recipe makes the N+1 term of the Py expansion vanish, but it
requires a good knowledge of the N+1 flux moment from some previous calcula-
tion. Inflow reduces to BHS for systems in equilibrium by detail balance (i.e., the
thermal region). The diffusion approximatinn obtained using the inflow formula is
equivalent to a Py transport solution.

These corrections require data from the (N +1)-th Legendre moments of the
cross sections to prepare a corrected N-table set. The user of the TRANSX pro-
gram should be certain that, in fact, (N+1) tables are available on the MATXS
file when producing an N-table transport-corrected set. Absence of the (N+1)
tables is not fatal, but obviously the cross sections will not contain the desired

corrections.

B. Fission Source

The source of fission neutrons into a group is given by
S5 =) 0tgemg by (14)
’I

where oy, is the fission matrix that is available on the MATXS file. However,
most existing transport codes do not use this matrix form because the upscatter
is expensive to handle and a reasonably accurate alternative exists. Except for
relatively high neutron energies, the spectrum of fission neutrons is only weakly
dependent on initial energy. Therefore, the fission source can be written as

S =Xy 2‘79' 959 oy’ (15)
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where 7, is the fission neutron yield, oy, is the fission cross sections, and x; is the
average fission spectrum, which can be defined by

E" f9—9' Pog’
,'

= , 16
X Z‘-’n‘ 91y oy’ (16)
gl

where the fission neutron production rate can also be written as
Z Uy 019 G0y = Z Z Ofge-g' by’ - (17)
gl ’ gl

Clearly, x, as given by Eq. (16) depends on the flux in the system of interest.
The dependence is weak except for high incident energies, and a rough guess for
o, usually gives an accurate spectrum. When this is not the case, a sequence of
calculations can be made, using the flux frora each step to improve the x, for the
next step.

The matrix in a MATXS file represents the prompt part of fission only. Steady-
state (SS) fission is obtained using two auxiliary pieces of data: delayed &7 and
delayed x. Therefore,

550sy =3 019y + 75 015 (18)
9
-D
Y 0sgmg bog + X5 Z"y' o4y $oy

X5 = x : (19)

9
2 z"h-a‘ b0 + Zr’g 019 bop
g 9 9

For large group strurtures, the square fission matrices can consume a large part
of the library. As already noted, the shape of the fission spectrum is not strongly
dependent on initial energy. In fact, the shape is independent of energy at low
encrgies. Therefore, the fission matrix can be split into slow and fast parts,

Ofgmg’ = Xg (904)3 + OFgeps (20)

Starting with NJOY 91.0, the GROUPR module automatically determines the
energy range over which the fission spectrum is constant, and it generates a pro-
duction cross section and normalized spectrum for this range. At higher energies,
it produces a rectangular fission matrix. The new version of the MATXS format

6



establishcd for NJOY 91 uses a generalized format for transfer matrices that al-

lows for this decomposition of a matrix into two vectors and a smaller mairix.
TRANSX 2.0 can then reconstruct the full representation of fission using Eq. (20).

The fission representation for some materials may be divided into the separate
reactions (n, f), {n,n'f), (n,2nf), and (n,3Inf). Because the second-, third-, and
fourth-chance fission channels are only open at high energies (for example, above
6 MeV for 233U), their corresponding fission matrices are always rectangular on
the MATXS library and do not cause a space probl:m. In any case, the prompt
fission source produced by TRANSX includes all of these partial matrices. This full
matrix treatment is imporsant for 14-MeV source problenis (for example, fusion-

fission hybrid design).

This approach gives TRANSX a very general and efficient fission source capa-
bility. The same library can be used to compute x for a fast or thermal systens; in
fact, if region fluxes are available, x for a given material can be different in cach
region of a problem.

C. Transport Tables

‘The data required for an Sy flux solution using Eq. (1) have been shown to be

Oy Otgeyg, ¥,0f5 and Xy,

where the superscript SN has been omitted for simplicity. The Sy codes also
traditionally use a particle-balance cross section (often loosely called “absorption™)
defined by

Gag = g — ) oy - \21)
”

This quantity is also computed by TRANSX by adding all the absorption reactions
[(n,¥), fission, (n,p), (r,a), etc.] and subtracting (n,2n), twice (n,3n), and so on.
The two methods are formally equivalent, except that small numerical diflerences
due to cross-section processirg lead to unreasonable values for o,,, as computed
from Eq. (21), when 0,, is small with respect to g,. In such cases, o, is replaced
by the value from the direct calculation, and the o, position of the transport
table is adjusted accordingly. Note that a,, can be negative if more particles are
produced by (n,zn) reartions than are absorbed. Negative values occur in coupled
sets as well, as will be seen below.

When the flux calculation is complete, it is often necessary to compute some
response such as leating, radiation damage, gas production, photon production,

-
{



or dose to tissue. Thercfore, Sy codes allow for reading several response-function

edit cross sections, 0g,.

The original Sy codes read x as a special array, and the cross sections were
arranged into “transport tables” by “position” as shown in Table 1. Note that the
positions containing scattering data give all the source groups th. t scatter into
the same final or “sink” group. Even the newer codes retain many features of this
structure, and TRANSX input uses terminology based on the table.

A transport table like this is required for each group, Legendre order, and
material. The tables may be “material ordered” or “group ordered”.

Material ordering is the natural result of preparing a library from evaluated
nuclear data. The MATXS files are material ordered. The tables arc written onto
a library with the outermost loop being material, then Legendre order, then group
as the inner loop.

However, group ordering is the way the cross sections are needed in the codes.
The Sx equations are solved by sweeping down from group 1 to the lov'er energy
groups, so cross sections for all materials and orders are needed for each group in
sequence. The library is ordered with group as the outermost loop, ther. Legendre
order, then material. Of course, the Sy codes contain the logic to change the
input library from material to group ordering if the entire cross-section set will
fit into the available memory. If the group structure is too large for the internal
logic, the group-ordered TRANSX output can be requested, thereby allowing very
large group structures to be used fur transport calculations. It may be noted that
fusion-related transport calculations Jother than hybrid studies) do not require
iteration to converge a fission source, so they characteristically employ larger group
structures than are practical with multiplying systems. Thus, this group-ordered
option, as well as the adjoint option discussed below, may be of particular value
in fusion.

D. Neutron-Photon Coupled Sets

The discrete-ordinates equation can be applied equally well to neutron and
photon transport; it is only necessary to provide the appropriate neutron or photon
cross sections for the transport tables. In both cases, downscatter predominates
(excluding fission), and the equations can be solved by sweeping through the groups
from high energy to low ene:gy.

Since photcn production from neutron reactions is usually stronger than photo-
neutron production, the same downscatter structure can be obtained by defining a

8



Position Contents for Group ¢

1
} OE, Response edits
NED
NED+1 Oag
NED+2 Vy07, Standard edits
MNED+3 g,
NED+4
} 04-g Upscatter (¢’ > g)
NED+NUP+3
NED+NUP+4 04y In-group (7 = g)
NED+NUP+5
} 05—y Downscatter (¢’ < g)
NTABL
NED = number of extra response edits (NED>0)
up = maximum numbes of a ecatter groups (0SNUPSNGROUP)

NTABL = table length (NED+4+NUPSNTABL<SNED+44+NUP4+NGROUP)
NGROUP = anumber of energy groups
IPTOT = NED+3 = position of total cross section

Table 1. Transport Table Terminology

9



group
1 N N+G

n edits g edits

a9
nn

position

gn

Zero

Figure 1: Arrangement of neutron (n) ard photon (g) cross sections in
a coupled transport table with no upscatter.

composite gro.p structure with ¥ neutron groupr arranged as groups 1 through N,
and G photon groups attached as groups N+1 through N+G. The arrangement
is shown schematically in Fig. 1. Photoneutron production could be included with

fission.

A coupled set providr ; the convenience of solving both the neutron and photon
problems simultancousiy with a single transport code run. Because more than one
photon is normally produced by a neutron reaction (i.e., cascades), the particle-
balance absorption edit 0., will usually be large and negative for a coupled set.
Special features are avail2''e¢ in some transport codes to allow the photon part
of a response to be computed sepaiately from the neutron part. As will be seen
later, the GOXS interface format includes a parameter LEG to define the break
point between the neutron and photon parts of the group structure.

E. Charged-Particle Coupled Sets

This version of TRANSX is capable of producing transport tables for charged-
particle transport anJd coupled sets for more than two particles. The main dif-
ference between charged-particle cross sections and neutral-pasticle cross sections
occurs for elastic scattering, because the Rutherford cross section becomes singu-
lar as the scattering angle goes to zero. In practice, this singularity is screened
out by the electronic structure of the material. This is no longer a strictly nuclear
problem, and the forward transport of charged particles is normally handied as

10



a ccatinuous slowing-down calculation usirz stopping powers. NJOY constructs
charged-particle clastic inatrices that include scattering to cosines less than 0.96
only (approximately 20°).

Coupled transport is natural for charged-particle problems. High-energy neu-
trons normally produce secondary protons, and these protons can produce ad-
ditional sccondary neutrons. The structure of a coupled set for neutron-proton-
phaton transport is shown in Fig. 2. Note that a (p,n) reaction looks like an
upscatter event in this type of table. The user must be careful to use NUP>0, and
the transport calculation may run more slowly because it will have to use outer

iterations.

F. The Adjoint Problem

Solutions to the adjoint transport equation are useful for calculating the change
in the response of a system to a small perturbation and for calculating the source
that will give a dezired response. Adjoint fluxes are being used more and more
frequently to compute the sensitivity of a response to changes in the basic cross

sections.

The adjoint transport equation can be obtained from the direct o- forward
equation discussed above by transposing the scattering and fission matrices. How-
ever, this converts the downscatter calculation into an upscatter calculation. If
the order of the groups 1s then reversed, the cross sections can be used with the
regular transport equation; the solution for the direction {3 is just the adjoint flux
for direction —§! numbered backwards.

The existing Sy codes perform this operation of transposition and reordering
of the groups, but only if the entire cross-section table fits into core storage at
once. TRANSX can produce an adjoint set in group ordering, thereby allowing
fine-group adjoint solutions to be obtained. When TRANSX adjoint tables are
used, the Sy code must be run in forward mode, and the adjoint flux is obtained
from the Sy flux solution o(g, ﬁ) using

¢*(9,1) = A N-g+1,-41) . (22)

G. Self-Shielding

Eq. (1) is a multigroup approximation to the Boltzmann equation, and the
energy texture is necessarily coarse with respect to the resonance structure in
many materials. Fig. 3 compares the pointwise and groupwise representations of

1



MULTIPARTICLE COUPLED SET
edits

3 G,, VO5 O,

a
22 0

ton 0

52
SR E
N m-]

52 | —
[Pop T

max likely [nto n, down] p to p, down

upscatter

n (52) p(52) Y(22)

Figure 2: Layout of a coupled table for the simultaneous transpost of
neutrons, protons, and gamma rays. Normally, only the lower triangle
of the “p to a” block would contain values for the upscatter portion of
the table (the part above the line in the middle). The “group” index
incbr:am from left to right, and the “position” index increases from top
to bottom.
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Figure 3: Comparison of pointwise and multigroup representations of
BBY capture. The <olid histogram shows the effective multigroup cross
sections for infinite dilution, and the dashed histogram shows the effective
cross sections for a background cross section of 30 barns/atom. This is
the 69-group structure used in the MATXS7 library.

the first three capture resonances of 233U, A resonance material in a dilute mixture
or in small pieces does not disturb a smooth flux very much by its presence—this
is called the infinitely dilute case—but more resonance material will cause sharp
dips in the flux corresponding to each resonance. The reaction rate o¢ will be
reduced. The resonance is said to be “self-shielded.”

The magnitude of this self-shielding effect is in general a complicated function
of the geometry and composition of the system. However, it has been found that
a simple model called the Bondarenko Method!6 or Background Cross Section
Method" does a surprisingly good job of representing the effects for many ap-
plications. The flux is assumed to vary inversly as the total macroscopic cross
section. The model lux for the group averages for isotope i is written as

C(F)

o8 + o{(EV (%)

PHE) =

where C(E) is the smooth part of the shape of the flux, and o} is called the
background cross section (it represents the effects of all the other isotopes). The
effect of the total cross section in the denominator is to put a dip in the flux
for each peak in the cross saction, and o} controls the relative size of the dip
(0§ =00 gives the infinitely dilute case discussed above). The ¢ dependence shown

13



here is appropriate for a large system with nearly isotropic scattering (i.e., the
By approximation), and it was used when the MATXS files were generated. The
result in Eq. (23) is based on the narrow resonance approximation, and it will be
less accurate for some of the wider low-energy resonances important in thermal

systems. The multigroup form of this model :..x is

C

$ = W : (24)

For an infinite homogeneous mixture, the appropriate background cross section is

diy = = YN 0ld,) (25)
N J#

where N, is the number density for the isotape. Because o, depends on gy, finding
0p i8 clearly an iterative process.

For a lump of resonance material embedded in a large moderating region, es-
capes from the lump also incsease the background cross section. This additional
escape cross section is given by

i 1
Org = —N7 ’ (26)
where 2 is the mean chord length of the lump given by
4V
Z- ?‘ ’ (27)

and where V and S are the volume and susface asea of the lump (e.g., for a
cylinder, =2r). The mean chord Z can be adjusted away from the geometric value
of Eq. (27) to compensate for the presence of other Jumps (Dancoff corrections)
or for shortcoming in the escape probability model used to obtain Eq. (26) (Bell
factors), the main point is that TRANSX option provides an additional component
for the background cross section that is parameterized by 2.

Eqs. (25) and (26) show that there is some kind of equivalence between the
self-shielding effects of an admixed moderator and the self-shielding effects of het-
erogeneity. Physically, in the narrow-resonance regime, if a neutron is produced at
the energy of an absorption resonance of material i, either losing energy by scat-
tering from one of the competing materials j or escaping from the lump will assure
that it will cot be absorbed by that resonance. In fact, the effects are additive. As

14



an example, consider a 1-cm rod of uranium oxide surrounded by a large region of

moderator:
o0 = .046at/b-cm x 3.76 b/at lcm
° = 023 at/b-cm .023at/b-cm
= 7.52b/at +43.48b/at
= 51.0b/at

where .023 and .046 are the atomic densities of the 233U and oxygen, respectively,
and 3.76 barns is the oxygen cross section.

H. Daacoff Corrections

If the lumps, rods, or plates containing the resonance material are arranged
in a lattice or stack, i* is likely that a neutron starting from one lump could pass
through the matrix material and react with the fuel in another lump. Such an
event is equivalent to never having escaped from the first lump at all; therefore,
the escape cross section is reduced. This is called a Dancoff correction, and several
options are available in TRANSX:

Cylinder by the Bell approximation,

1
C= T (28)

Cylindes in an hexagonal lattice by the Sauer approximation,

C = __E.-:i._ . (29)

T14(1-7)A
where
_ Vi v+ Ve 1 Ve
r= (.9523‘/” Vot Ve 1) =12 (1+ z‘/l“,c) ,  (30)
Cylinder in a square lattice by the Sauer approximation,
e-u
Tira-m @

where

_ Vm + Ve 1/ Vo
f_(.assz‘/uv“vc-x)"‘vu' -.os(1+ ) . e

15
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Slab cell by the Bell approximation,

0.% 0.5

and
Slab cell by Ej collision probabilities,
€ = Es(Ar) + Ea(As) (34)

In these expressions, A stands for the optical path in thc moderator region,
¢mom, ML and Ap are the optical paths to the left and right from the region
containing material i to the next slab containing the same material, Vs and V¢
are the ratios of the moderator volume and clad volume to the fuel volume, and E;
is the third-order elliptic integral. In all the cases, the Dancoff correction results
in an escape cross section of

1 5{1-C)

TNITF G -1)C (35)

where b, and b; are cailed Bell correctione (appropriate values are 1.09 for slabs
and 1.35 for cylinders). When b;=0;, the constant is usually called A, the Levine
factor. TRANSX oprovides for the automatic calculation of fuel and moderator
mean chords and homogenized moderator cross sections, given the volumes and
compositions of the various regions of a cell. Examples are given later in this

zeport.
1. Interpolation in Cross Section Tables

The self-shielded cross sections for the MATXS libraries are computed in the
GROUPR module of the NJOY system using Eqs. (3) and (4) together with the
flux model of Eq. (23) and, optionally, using the flux calculator, for a preselected
set of temperatures and background cross sections 0p. To obtain a cross section at
some other temperature and background cross section, it is necessary to interpolate
between the values in the library.

The variations of the cross sections with temperature are normally fairly simple.
Earlier versions of TRANSX used a N-th order Lagrangian interpolation scheme
on o(T) and T, where T is the temperature and N is the number of values in
the temperature grid. However, this scheme would sometimes give unphysical
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or negative cross sections due to oscillations in the interpolaiion function. This

version of TRANSX reverts to using simple linear interpolation for its stability.

Foi ay, the siiclding curve has a shape similar to the tanh function (sce
l\'idman).w Like tanh, it has a limitcd radius of convergence, and no single poly-
nomial can be used to represent it for all gg. Earlier versious of TRANSX used
a combination of 1/ay, Lagrangian, and quadratic interpolation for different oy,
ranges. Just as for temperature interpolation, this scheme sometimes led to large
unphysical oscillations in the interpolated cross sections. Therefore, this version of
TRANSX uses simple lincar interpolation bhased on log(ay), except for very large
op values, where it uses 1/o, interpolation. The lowest cross-section value is used
for oo less than the lowest grid point in the self-shielding table. This approach is
stable and reliable, but it requires that data be given on a finer gg grid than the
older mecthod for equivalent accuracy. Note also that linear interpolation preserves
the condition that the total cross section be equal to the sum of its parts.

J. Elastic Scattering Corrections

In order to make a library of multigroup constants, as defined by Fqs. (3) and
(4), it is necessary to choose a model-weighting flux. In an actual system, the real
flux may be quite different froin this model. Because the flux will usually vary from
region to region, the mismatch between the actual and model flux cunnot always
be removed by improving the library flux. For the vector cross sections (e.g.,
capture, fission), the size of a group can usually be made small enough so that the
weighting flux difference is not too important. However, the clastic downscatter
for the hez vier materials always takes place from a range of energies very close to
the bottom of the group. If r is the ratio of the flux near the botton of a group
to the group-average flux, the elastic removal cross section is very sensitive to any
difference between r calculated for the actual flux and r calculated for the model

flux.

Starting with the 1DX code,19 various attempts have been made20: 21 15 cor.
rect the elastic removal based on the shape of the computed flux using an iterative
scheme. However, the complicated consequences of resonances in the cross sections
make this dangerous except in regions where the calculated flux varies smoothly.
Therefore, TRANSX does not attempt to correct for variations that only show up
in one or two groups. Instcad it smoothes the flux by averaging over several groups
above and below the group in question. This results in an effective slope for the
flux noar the bottom of the group, which can be used to correct the removal as
shown below. The corrected cross-section set should give improved answers for any
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responses that depend on the average remmoval effect such as keg, but the actual

flux shape near a particular resonance may not be improved at all.

The removal from group g to group g’ can be written
R, = / du / d'o.(u'—u) oM () | (36)
9 9

where u is lethargy, a. is the elastic scattering differential cross section, and ¢M is
the model flux. If the actual flux at the bottom of the group has a different slope

thar the model flux,
¢(u) = la - b(u; — u)jeM(u) , (37)

where u, is the lethargy 2t the bottom of group g, the removal rate becomes
Rgeg = Ry_gla - byp )] | (38)

where

/du/ du' (ug~u) o (u'—u) ¢ (u)
g 7

/du/ du’ g (u'—u) ¢M(u)

7 9

(39)

79'“'3 =

The quantity 9, = 3., 75+ is available on the MATXS library, so this v is
used for all groups and Legendre orders to obtain the corrections to the elastic

scattering matrix elements.

It is then assumed that the smoothed flux ratio can be represented by
In(#/6M) = 20 + 2) (ug~u) + z2(uy-u)* , (40)

in the group g. The coefficients are computed using a lcast squares fit to six values
of the ratio assigned to the lethargy center of each of the six groups (three above
ug and three helow). The parameters a and b are determined at the bottem of the
group, and the smoothed value of the ratio at the center of the group is vsed to
find the change in cross section that will give the desired change in removal rate.

The rathe ' 1s ve-y stable. It avoids the divergences in removal cross sections
ofterss o mn~th < and 1t usually converges adequately in one iteration.

K. Group Collapse

It is necessary to produce zross-section libraries with fairly nasrow energ’
groups to minimize the consequences of an inappropriate model flux discussed
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above. However, it may not be economical (or even possible) to perform a multi.

dimensional Sy solution using the fine-group structure directly. In such cases it is
desirable to collapse to a coarser group structure. The collapse can be defined in
such a way as to preserve each term of the PN equations when they are summed

over all fine groups ¢ in coarse group G as follows:

Coarse group flux

=3 b, (41)

9€G

Absorption, 70y, and edit cross wctiq_rl_n_

0:G = Z a,,ﬁl- , (42)

Transport cross section for leakage calculation

oy = ol Su (43)

- irg ¢IG ’

P¢-weighted total cross section

¢ )
=T oty (44)
9€G G

Scatlerin; matrix cross sections

(.
d(PaI!.al = 2: 2 0{’;'}!-.;" ’ (45)
9€G o'€G' <’

and

Steady-state and delay fission spectrum x

XG = ZX: . {46)
2¢G

The coarse-group Sy equations can be derived from the coarse-group Py equa-
tions; therefore, Eqs. (7) through (13) apply with g replaced by G.
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The flux components can be read in from some previous calculation or gener-
ated from the model weight function used to generate the MATXS library with

Cy

- "i:ol"ﬂg + "kw] ‘

ély (47)
In practice only =0 and k=1 arc available on the MATXS library, and k=1 is

used for all higher orders.

Note that there are four different uses for input fluxes in TRANSX: (1) collapse,

(2) fission \, (3) transport cross section ©.nd (4) elastic scattering corrections,

L. Spatial Collapse

It is often necessary to replace the complex geometry of a reactor cell with some
cffective average cross section before doing two- or three-dimensional calculations
for an entire reactor cor>. This spatial collapse is similar to the group collapse
described above in that both try to preserve the terms of the Py equation. Using
v; for the region volumes and V for the cell volume gives the following results:

Cell-average flux

b(v)= T el (48)
i€cell

and

Cell-average macroscopic cross section

| _ py(%i) 07, (vi) Seg(vi) vi
(V2= ,.Ezc,:,,? 2V V : (49)

In these cquations, the v, a.e the region volumes, V is the cell volume, p,(v;) is
the number density for material j in region i, and a{'(v.-) is the microscopic cross
section for material j in region i.

These calculations of cell-averaged quantities require a good knowledge of the
region fluxes by group. These fluxes can be obtained in the form of a CCCC
standard-interface file from a separate transport calculation and read into
TRANSX. A typical procedure is to do a simple one-dimensional calculation for
a reactor pin cell, and then to use the flux from this calculation to prepare cell-
averaged cross sections to be used for a 7eactor-core calculation. An example of
this process will be fuund in the next section of this report.
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It is often necessary to obtain a “constituent” of a mixture like this, for example,
the microscopic cross section for the 23U in the uranium oxide in the fuel region
of a reactor pin. Other times, the user may need the microscopic cross section
averaged over the cell. TRANSX calls the first type of constituent cross section a

“region constituent” and the second type a “cel! constituent.”

Region constituents are useful when the transport calculation is going to be
done using the detailed region-wise geometry of the cell and when the user needs
to inake the mixtures in the transport code (e.g., to do concentration scarches).
Real material densities must be used with region constituents.

Cell constituents include the effects of any flux depression (“disadvantage fac-
tors”) or lux enhancement in the regions of the cell. Therefore, they are needed
when the tran:port calculation is going to be made using a simplified geometry and
when the user needs to make the mixtures in the transport code. Cell-averaged
densities must be used with cell constituents.

M. Photon Production Self-Shielding

Fhotons are produced by capture and fission, and both reactions usually show
significant self-shielding in resonance energy ranges. Although the MATXS format
has the capability of storing shielded cross sections for any photon production
cross section, the current libraries contain only infinite-dilution photon matrices,
and TRANSX uses shielding factors for the corresponding neutron reaction to
self-shield each photon production matrix.

N. Thermal Cross Sections

When the energy of a ncutron is comparable with the energy of thermal mo-
tion of the atoms in a material, the neutron can gain energy in a collision, or
“upscatter.” Most Sy codes can handle upscatter at some increase in run time.
The location of the upscatter groups in the transport table is defined in Table 1.

The detailed thermal cross sections and scattering matrices depend upon the
binding between the atoms of the material.22 Therefore, MATXS thermal libraries
will contain several sets for a particular isotope, for example, H in H;0, H in
polyethylene, and H in ZrH. In addition, thermal scattering can have both coherent
and incoherent components. Coherent scattering takes place with no energy change
(in-group only) and includes the diffraction effects of the neutron wave interacting
with the entire crystalline lattice. The incoherent part contains both energy-
gain and encrgy-loss cross sections due to interactions with lattice vibrations or
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vibrations or molecular rotation and vibration mmodes. tor the heavier materials,
it is often a good approximation to treat the atoms as a gas of free particles at
the appropriate temperature. Free-gas cross sections and matrices are included

on MATXS thermal files for all materials in addition to any bound cross sections

given for important moderator materials.

Thermal cross scctions are defined over a limited energy range (e.g., E<4 eV).
To prepare an upscatter set, TTRANSX corrects the total cross section by subtract-
ing the normal static elastic cross section (NELAS) and adding back the appropriate
incoher=nt and coherent thermal cross sections over the requested energy range.
This step ensures that any absorption reactions are included. For the scattering
matrix, TRANSX uses the static matrix above the specified energy range and the
requested incoherent and coherent matrices below the energy cutoff. Sources from
above the cutoff to below use elements of the static matrix. Sources from below
the cutoff to abcve are triuncated into the last group of the thermal range so that
there is no upscatter for groups above the cutoff.

Some ENDY /B thermal evaluations give the scattering from each atom in the
molecuie, and the diffeceni atoms must be combined in TRANSX. An example is
water; here “H in '{;0” must be combined with free-gas oxygen. Other evaluations
(e.g.. methane) give the entire scattering for the molecule with the principal scat-
terer (everything is renormalized to the cross section of the principal scatterer). In
these cases, TRANSX must mix in the thermal scattering for the principal scat-
terer and omit the contribution for the secondary atom. Methods for doing this
are discussec in the next tection.

O. Epithermal Self-Shielding

The biggest weakness of the TRANSX code as described so far occurs for
thermal reactor analysis in the “epithcrmal” energy region from about 4 eV to
around 200 or 300 eV. In this region, the resonances are no longer “narrow,”
and the flux shape given by Eq. (23) is no longer sufficiently accurate. This
failure is normally only important for resonance materials that are present in
large concentration, such as 2381;. TRANSX results for this energy range can be
improved by preparing special cross sections for the 28U using the NJOY flux
calculator. As an examrle, you could prepare a new isotope called U238B with
cross sections appropriate for 233UQ; in pins of a certain size surrounded by a
water region. You could then add this isotope to your MATXS library using BBC.
By asking for U238B instead of U238 in your TRANSX run, you would get improved
results for resonance self-shielding in the epithermal region.
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III. HOW TO RUN TRANSX

TRANSX is capable of solving complex prublems, and the input is necessarily
complex. However, an attempt has been made to simplify the input by providing
defaults so that the user interested only in the simpler problems can ignore some
of the complexities. This section is organized from the simple to the complex; a
user can stop reading when he knows enough to solve his problem.

The input instructions are given in the following subsection. They are explained
in the subsequent subsections by using examples. The examples also act as test
problems for the code, and some partial listings are included in Appendix A. Input
decks and full output listings for all of these sample problems are included in the
TRANSX 2.0 distribution package.

A. TRANSX Input Instructions

The following user input instructions for TRANSX were copied from the com-
ment cards at the beginning of the TRANSX source deck. It is always a good
idea to check these cards in the current version of the code, because they are more
current than the version printed here.

---USER INPUT (FREE FORN)- --

CARD { RUN TITLE (HOLLERITE DESCRIPTIVE COMNENT)
72 CHARS MAX. B0 DELINITERS OR TERNIBATOR REQUIRED,
STOP TZRMINATES JOB

CARD 2 OPTIONS
IPRIET PRINT (0=LONG/1=SHORT)
10UT OUTPUT FORMAT
0 ©NONE

CARD (6E1Z)

CLAV (CARD VITH SEPARATE EDITS)

FIDO

ABISE (FIDO VITE 2¢L+i FACTOR)

GOXS (GROUP-ORDERED BINAAY)

ISOTXS (CCCC-1IV NATERIAL-ORDERED BINARY)

IPROB PROBLEN (0=DIRECT/$3ADJOIET)

ISET ISET<I FOR A SINPLE SET FOR PARTICLE I,
ISET=1J FOR A COUPLED SET FOR PAKTICLES I AND J,
iSET=1JX FOR A THREE-VAY COUPLED SET, RTIC.

IFORN FORN (1sMATVISE/2sGROUPVISE)

ITINE  FISSION TINE (1sSTEADY-STATE/2sPRONPT)

IDECAY DECAY TINE (RESERVED)

ITRC TRANSPORT CORRECTION

0 ¥OBE (NOT FOR SB CODES)
1  COBSISTEAT-P
2 DIAGOSAL

DN BN e
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BELI.-BANSEN-SANDNEIER

4 Ly LoV

iy a3 1STENT-P
1C0LT. .t E (0=NO/RFINESYES)
1§77 I .4l FLUX

|

0 USE LIBRARY WEIGHT FOR PO FLUX

g READ PO FLUX ON CARDS

2 READ RTFLUX INTERFACE (CCCC-IV TOTAL PLUX)
3  READ RZNFLX INTERFACE (ZOME MOMEMTS FLUX)
4 READ RZFLUX INTERFACE (CCCC-IV ZONE FLUX)
12-14 TRIGGERS REMAP OF INPUT FLUX

=¥ NAKE ELASTIC SCATTERING FLUX CORRECTION

(FOR LAST FIVE ITENS, DEFAULT»FIRST OPTION)

CARD 3  PARAMETERS
BGROUP  NUMBER OF GROUPS IN TABLE

L NUMBER OF LEGCEWNDRE TABLES
BTABL TABLE LENGTH
nUp NUMBER OF UPSCATTER GROUPS

RTHG NUMBER OF THERMAL CROUPS

BMIX NUMBER OF QUTPUT MIXES OR MATERIALS
NREG NUNBER OF REGIONS

BN1XS NUNBER OF MIZ SPECIFICATIONS

BED NUMBER OF EXTRA EDITS

NEDS BUMBER OF EDIT SPECIFICATIONS

CARD 4 MIX NAMES
BNIXX BMIX BOLLERITH MIX NAMES (6 CHARACTERS MAX)

CARD 6§ REGION AND HETEROGENEITY SPECS

BREGN  REGION ROLLERITH NAME (6 CHARACTERS MAXINMUNM)

RTENP  REGIOB TEMPERATURE (K) (DEFAULT=300)

’vOL REGION VOLUME (DEFAULT=1.)

1BET BETEROGENEITY OPTION (DEFAULT=02%0 SELF SHIELDING)

0 NO SELF SHIELDING

CONSTANT ESCAPE CROSS SECTION
CYLINDER BY BELL APPROXINATION

CYLINDER IN BEX LATTICE BY SAUER APFPROXINATION
CYLINDER IN SQUARE LATTICE BY SAUER APPROXINATION
SLAB CELL BY BELL APPROXIMATION (REFLECTIVE)
SLAB CELL BY E3 APPROXINATION (REFLECTIVE)
SLAB CELL BY BELL APPROXIMATION (PERIODIC)
SLAB CELL BY E3 APPROXINATION (PERIODIC)
CONTINUE SPECIFYING THE CELL

MOV D WN -

TEE REST OF THE PARAMETERS OF CARD &

DEPEND ON THE VALUE OF IEET. THESE VALUES

ARE ONLY GIVEN FOR THE FIRST REGIOS OF EACS CELL.
== I8ET=1 -- CONSTANT ESCAPE

CBEORD MEAN CHORD LENGTE {CN)



~= IBRET=2 THAU 8 ~- DANCOFF APFROXINATIONS

BELL1 BELL CORRECTION TO RATIONAL APPROX.
BELL2 BELL CORRECTION TO DENCMINATOR

REPEAT CARD 6 NREG TINMES

CARD 6 RENAP INSTRUCTIONS (ABS{INITF).GE.12 OSLY)
FLUX POINT, ZONE, OR REGION FRON INPUT FILE TO BE
ASSIGEED T0O EACE TRANSX REGIOP (NREG INTEGERS)

CARD 7 MNIX SPECIFICATIONS
INIX NIX NUMBER (O TO BMIX)

IREG REGION NUMBER

ENIX NAME OF ISOTOPE FROM MATIS .

DENS MULTIPLIER (FRACTION OR DENSITY) (DEPAULT=1)

BINC THERNAL INELASTIC NANE (DEFAULT=BLANK),

OR CONSTITUENT CROSS SECTIOB FLAG
(“RC" FOR RZ2GION CONSTITUEST, OR ~CC” FOR CRLL)

BCOH THERNAL ELASTIC NANE (DEFAULTsBLANK)

EXOD MATRIX MOD REACTION (DEFAULT=BLANXsTCTAL)

REPEAT CARD 7 NNMIXS TINES

CARD 8 EDIT BANES
BED BED HOLLERITN EDIT BANZS (6 CHARACTER NMAXINUR)

CARD © EDIT SPECIFICATIONS
JEDPOS EDIT POSITION (USUALLY IF RANGE FROX 3 TO BED)
(-8 TO PUT DELAYED GANNAS IN GROUP § OF COUPLED SET)
HEDNAM NANE OF REACTION FROM MATXS
EDFACT NULTIPLIER (DEFAULT=f%)
BEDNAT ISOTOPE BANE FROM NATXS (DEFAULT=BLABK)
IP BLAWX, USE SPECIFICATIOB FOR ALL ISOTOPES

REPEAT CARD 9 NEDS TINES

CARD 10 COLLAPSE SPECIFICATIONS (If ICOLL.SEK.O)
IBPUT BUNBER OF FPINE GROUPS I¥ EACR COARSE GROUP

CARD 13 INPUT FLUX FUBCTION (INITFs3 2NLY)
1T FLUX FOR FINE GROUPS TO BE USED FOR
ALL ORDERS AND ALL REGIOSS

SPECIAL IBPUT VALUES

BED=eCH]e THIS POSITION TO CONTAIN FISSION Cil
BEDNAN=eCHIe DITTO
BED=eTRDe TBIS POSITIOB TO CONTAIN TRANSPORT

CROSS SECTION FOR DIFFUSION. IF A Pi FLUX
XS GIVEN OR CONPUTED, TEE INFLO DEFINITIOB
VILL BE USED. OTNEAVISE, OUTFLO VILL BE USED.
REDEAN=eTRD® DITTO
BED=oGANe TBIS POSITION TO CONTAIB TRE FIAST OF GG CANNMA



PRODUCTION EDITS

0000006000000 00000000000000000000800000000000800000000000000000000

B. Free Form Input

All input to TRANSX is free form with no limitation to fixed fields. Numbers
do not require decimal points, but the “E” is required when expon~nts are given.
Hollerith strings are delimited with stars (*) or preceded by “aH” as in FOR.'RAN
formats. Delimiters are not necessary if the string is a single word (i.e., six or fewer
characters) and starts with a letter. The construction “nR” causes t"e following
entry to be rcpeated n times. Entries can be scparated by any character not
used for another purpose. A comma works, but spaces lcok better. Lines can be
terminated early with /, and any input values not given are defaulted as defined
in the input instructions. Any text appearing to the right of a / (other than a
/ embedded in a Hollerith string) will be treated as a comment. Lines beginning
with a $ sign will also be treated as comments. Care must be used to include the
/ when needed; otherwise, the input routine will keep on reading cards until it has
found the requested number of entries or reaches the end of the file. The proper
input syntax should be made clear by the examples below.

TRANSX input card 1 is not read by the free-format input processor; it is read
by a simple FORTRAN statement. Therefore, stars are not required. The “stop”
at the end of a TRANSX input deck is a special case of card 1, and stars are not
required there either (although they can be given).

C. Simple Transport Tables

The following examples illustrate simple microscopic and macroscopic cross-
section sets without self-shielding or thermal upscatter. Simple response edits,
group ordering, and collapse are shown also.

Sample Problem 1. Simple Material-Ordered Tables

TEST § -- MATERIAL ORDERED TABLES
01 0 1t 31 0 3 00
30 2 3¢ 6 0 3 3§ 6 3 1§
CARBON TUNGST U-238

o o/

1 CEAT/

V182 .203/

V183 .143%/

vies .307/

vies .286/

U236/

WM
e h e e s
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BEAT
! HEAT 1.602E-19/ CONVERTED TO JGULE-BARES
STOP

The cross sections will be read from a file named MATXS (see Section V), and
the neutron tables will be printed and written onto a file named CARD as 6E12
cards (see Section 1V for a comnplete description of the interface files) in material
ordering. Fission will be steady state, and the BHS transpost correction will be
used. Because two tables are requested (Py and Py), the BHS correction will
be derived from the P; data on the library. The table length of 31 is enough
to accommodate all 30 groups, the three standard edits (o4, v04, 0.), and one
speciic ~dit, ‘There are no upscatter positions or thermal groups requested. Three
outp it materials are defined with the names given. Note that these names are
independent of the isotopes on the library and will only be used to lahel the
output and to name the matcerials on the output file CARD. The materials lie in a
region wit! temperature 300 K (by default) and a blank name, but “region™ has
no other .enificance here in the absence of an input flux or self-shielding. The
“iX mix instructions use default values for simplicity. This table works as follows:
The materiai HMIX is multiplied by DEXS (default=1.} and added into mixture
IMIX. | he names used for HRIX must corresond exactly to material names on the
MA'XS library. The use of atomn fractions {or DENS in mix 2 producas the correct
microscopic cross sections for natural tungsten. later examples will show how o
generate mixed macroscopic cross sections. The response edit “HEAT” is intended
to give nuclear heating in watts/em® when folded with a flux in a transport code.
The table works just like the mix table. The cross secrion HEDBAM from the MATXS
library is maltiplied by EDFACT and added into position JEDPOS. ‘['he EDFACT shown
here converts KERMA factors {rom eV'-barns to Joule-barns. Just as for material
names, the reaction names (c.g., HEAT) for HEDNAM must corsespond tv names on
the library, but the edit namne (e.g., HEAT) is only used for labeling the output. The
last card is read as the title for the uext case, but “STOP” has the special meaning
of ending the run. The meaning of these input parameters may be clasified by the
partial listings of the OUTPUT and CARD files in Appandix A.

Sample Problem 2. Group Ordering

~ This is the same as Problem 1 except for group-ordered printed output. No
library is written because no card image format is available for JFORNs2. Sce
Appendix A.



S.’unplc PrBlem 3. Co nled Set

TEST 3 - <OUPYT ™D SET

0 3 0 3 1 1 0 3 ¢ O
42 2 46 0 0 1 y 2 1 2
AL-27

* e/

1 1 AL27/

HEAT

1 HEAT/ Kk# a¥D H. PARY

1 GHEAT/ GG PART

STOP

This time ontput in FIDO format was requested. As described in Section V-
E. FIDO suppresses many of the zeroes in the output file. The coupled option
was selected, and 12 had tc be given for the number of groups (MATXSS is a 30
x 12 hibrary). The nn, ng, and gg blocks for AL27 arce automatically moved to
the correct part of the couples <ot. The photoatomic data are really elemental
in nature, but the MATXS file now contains duplicate tables for cach isotope, for
conveniciice, and it is no Jonger necessasy to name both AL27 and AL in TRANSX
input decks. The edit eross sections GHEAT and HEAT are also automatically moved
to their proper positions in the coupled set: the formes ends up as position 1 for
gronps 31 to 42, the latter in groups 1 to 30. A partial listing of the FIDO tables

is given in Appendix AL

Sample Problem 4. Cross Sections for GODIVA

TEST 4 -- GODIVA

291 0 § 11 0 3 30 1

20 4 34 0 U 1 3 3 8t O

CORE

CORE/

1 1 U222, .0450/

1 1 U388 .002408/

1 1 U234 .000492/

CEl

19R1 11/ COLLAPSE OUT BOTTOM 13 CROUPS

6.80E-8 1.72E-7 5.78E-7 3.30E-6 1.08E-5 5.92E-5 3.53E-4 3.21E-4
4.00E-4 4 .43E-4 4.6\E-4 8.79E-4 7.74E-4 5.90E-4 3.83E-4 2.83E-4
6.30E-5 9.77E-6 * .27E-€¢ 1.62E-7 1.87B-8 2.23E-9 3.43E-10 3.86E-11
5.38E-12 2.29t 1. ©.186E-$3 1.30E-15 7.63E~19 1.569E~-22/

ST0P

GODIVA is a bare sphere of enriched uranium that is often used as a cross-section
benchmark. 23 In this example, macroscopic Py cross sections are produced directly.
As a sesult, it is not necessary to mix cross sections in the transport code. In ad.

dition to saving tisne and storage space, this approach allows a mixture-dependeat
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fission ) to be formed. Because the spectrum of GODIVA is rather hard, the
lower energy groups are collapsed down to fewer groups (note the use of the repeat
specification). An initial flux guess is read in from the input file to improve the
estimate for the fission spectrum x and to improve the group collapse. Note that
1COL=30, the number of fine groups, and NGROUP=20, the number of coarse groups

for the output material. CHI is a special edit command that does not require any
further specification.

D. Advanced Response-Function Edits

One of the powers of TRANSX is its ability to produce varied response-function
edit cross sections. The ability arises partly out of TRANSX, which can produce
any edit that is a lincar combination of any cross sections on the MATXS file, and
partly out of MATXS, which contains all of the partial cross sections available in
the original ENDF/B evaluations as well as some additiona! quantities, such as
nuclear heating and radiation damage cross sections.

As an example of the power of linear combination, consider the problem of com-
puting the helium production rate in graphite. The !2C evaluation in ENDF/B-1V
includes an (n, a) reaction (called NA) and a continuum (n, n’)3a reaction (NCHAAR).
An edit for helium production rate (arbitrarily named ¥.H24) can be obtained us-
ing the following edit specificatious:

. ne4
1 B/
1 ECEAAA 3./

The BA reaction is multiplied by 1 (default) and added into position 1, and the
NCNAAA reaction is multiplied by 3 and added into position 1. Caution: A different
representation is used in ENDF/B-V and VI.

Sometimes it is nseful to define special edits for particular materials. As an
example, the ratios of 23U capture to 23U fission and P*U fission to 2*U fission
were measured at the center of the GODIVA critical assembly.23 The following edit
specifications added to Problem 4 will provide the responses needed to compute
these reaction rate ratios:

CII F26 F28 C26
2 BFIOT t. U236

3 WFTOT . V238
4 ¥G 3. U235
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Note that the standard transport tables reserve NED words for each group, order,
and material for edits that are not required during the flux calculation but only at
the end of the problem when responses are computed. Also, the edits only appear
in the Po table, so the words reserved in the higher tables are wasted. Storage
requirements can be reduced by defining a special edit table with NTABLsNED,
which is only read during the response function edit calculation in the Sy code.
The ONEDANTY code uses this approach.

Sample Problem 5. Detailed Edit Table

TEST 5 -- EDIT TABLE
065§ 01 210000
30 3§ 13 0 0 1 1 1 13 37
AL-27
AL-27/
1 1 AL2V/
ELAS NNG ¥2§ §3F NC BA
B° ¥D BT BEP §NA
N.1E B.48E
NELAS/
BINEL/
¥78p -3/
nep -y/
yeor -t/
1P -3/
5822 -1/
3P -1/
Ne4P -1/
§esp -/
¥%6A -3/
¥ay/
%38/
%G/
[V
5P/
¥/
5T/
10 S75p/
10 §78P/
10 B§8OP/
10 ¥81p/
10 §83p/
10 §84p/
- 10 N8sp/
11 W82/
11 386aA/
12 §p/
12 8789/
12 B70P/
12 msop/
12 §83P/

QO NANAWNNNNNDNDNNDODN -



12 NB4P/
12 Nesp/
13 A/
13 §82a/
13 NBea/
sTOP

The ?7 Al evaluation includes some discrete-inelastic levels that decay by proton
or alpha emission rather than by a cascade of photons. The cross-sections for
these reactions are subtracted from the total inelastic cross section in position 2
to obtain an isolated (n,n’)y reaction. The parts that were subtracted are added
back into positions 10 and 11 to obtain (n, n’p) and (n,n’a), respectively. They
are also added to the (n,p) and (n, n) reactions in positions 17 and 13 to obtain

the gas production cross sections for 'H and ‘He, respectively.

Note that the detailed aluminum edits are written into a group-ordesred binary
interface file with the name GOXS (sce Section IV-H). If its name is switched to
SNXEDT, the ONEDANT edit module can read the file directly.

An important mechanism of radiation damage in metals is the displacement
of atoms from their normal lattice positions caused by the recoll particle of a
nuciear reaction. The energy available for producing displacements is given on the
MATXS file as the damage energy production cross section DAME in ¢V-barns; it is
less than the primary recoil energy because some of the energy (asuses electronic
excitations rather than displacements. The primary recoil atom loses some of
its energy ejecting another atom, giving a nair of displacements; each of these
generates another pair, and so on, until all the energy is uced up. The .umbes
of displacements produced by this cascade is equal to the damage enesgy divided
by twice the energy required to displace one atom from its normal site. Various
values of the displacement energy are used in practice; rome values?* are given in
‘Table 2, which can be used to determine the EDFACT needed t0 ¢onvert the damage
edit DAME irto a “Displacement Per Atom” (DPA) edit. The use of this factor 1s
illustrated below.

Except for the delayed neutron parameters CHID and WD, all the ofier data
on the current MATXS files are prompt data. However, sasy reat'ons such @

n+’Li—~%Li—~B" +2a (850 ms)
and

n4+ Al - BAL - BSi4+ 0° +9 (2.24m)
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Material Energy (eV) Material Energy (eV)

Be 31 Fe 40
C 31 Co 40
Na 25 Ni 40
Mg 25 Cu 40
Al 27 YA 40
Si 25 Nb 40
K 40 Mo 60
Ca 40 Ag 60
Ti 40 Ta 90
\' 40 w 90
Cr 40 Au 30
Mn 40 Pb 25

Table 2: Typical values for the atomic displacement energy necded to
compute DPA (Displacements Per Atom).

have decays that take place in times that are short with respect to the response
desired. The steady-state heating due to capture in ?Li should really be the sum
of the prompt HEAT from the MATXS file and 9.31 MeV times the capture cross
section. It can easily be produced with the following TRANSX edit specifications:

SSBEAT
1 HEAT/ PRONPT PART
1 NG 9.31E8/ DELAVED PART FROM 9.31 NEV CAPTURE GANNMA

The photon source from neutron reactions is also an interesting response that
can be obtained with the special edit name GAM. Decay photons, such as the 1.779-
MeV photon from the 22Al 8~ decay mentioned above, can also be added into the
photon source as shown in the next sample problem.

Sample Problem 6. Heat, Damage, and Photon Source

TEST 6 -- BEAT, DARAGE, I'30TON SCURCE

01 0 13 1 ¢t 03 OCO

30 2 47 0 0 1 1 1 14 4
AL-27

ALUN/

$ 1 AL2Y/

8EAT DPA GAN GAN GAN GAM Gan
GAN GAY GAN GAK GAX GAN GANM
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1 BEAT/
1 WG 1.125B8/
2 DANE .02/

11 ¥G/
STOP

The 12 occurrences of GAM rererve spaces for the 12 photon groups. Group 9
(1-2 MeV) is in position 11, and the last edit specification adds the equilibrium
1.779-MeV photon production rate into that group (one such delayed gamma is
produced per capture event). Note also that damage energy is converted to DPA
in position 2 using 25 eV for the displacement energy 0.02 = [1/(2 ¢ 25)]. Most
Sn codes could use these cross sections and print out steady-state photon source
vectors by region to be used in s subsequent photon transport calculation.

Coupled sets, like the one defined in Sample Problem 3, can also be prepared
including steady-state radioactive decay contributions. Putting a negative sign on
JEDPOS defines the gamma group in the coupled set that will receive the contribu-
tions defined by that edit specification. The Problem 3 input would become

TEST 3A -- COUPLED SET VITE STEADY-STATE DECAY
0 3 6 331 3% 03 00

42 2 46 0 0 ¢ 1 2 % 2

AL-27

oo/

1 3 ALY/

BEAT

1 SEAT/ B AND NG PARY

1 GHEAT/ GG PARY

1 BG 1.126e¢68 AL27 / DELAYED NEAT AND GANNAS FOR AL2?
-8 3G 1. AL2Y

1 BP 3.2e8 AL27

-10 P .72 AL27
-9 3P .28 AL27
sTOP

Delayed heat and photon production edit sp-xcifications for some important mate-
rials are given in the DELAY12 and DELAY24 files included in the TRANSX distri-
bution. As an example, the 12-group data for 28U are repeated below:

1 N2§ 0.060E+8 U238
1 NG O0.160B+6 U228

i1 §F 09.580E+6 U238
-4 BF 65.995E-4 U230
-6 NF 4.072E~-3 U238
-6 B§F 2.036E-2 U238
=7 BF 9.225£-2 U238
-8 WP 3.033%-1 U238
-9 ¥7 1.442E+0 U238



-50 NF 3.384E+0 U238
-11 BF 4.726E+0 U238
-12 WF 1.514B+0 V238

The heating part (position 1) includes the beta decay heating for 2*U and ?3°Np;

thus, it includes all the heat up to the appearance of the final 3%Pu product. The
contributions to heating and photon production from fission come from the decay
of the fission products.

E. Self-Shielded Fast Reactor Problems

The sin:plest kind of self-shielding problem is one with simple homogeneous
mixtures, for example, the one-dimensional model of the ZPR-6 assembly 7 critical

assembly (see the ENDF benchmark descriptions).”
Sample Problem 7. ZPR-6/7 Spherical Homogeneous Model

TEST 7 -- ZPR-6/7 SP3. HONOGENROUS MODEL

0 1 01 8 10323 00O

80 & 50 0 0 2 2 20 1 O

CORE BLABKET

CORE 300. 1. 1 10000/ HEOROGENEOUS SELFSEIRLDING
BLANKT 300. 1. 1 10000/ BHONOGESEOUS SELFSRISLOIEG

016 2.4E-5/
FE66 4 637B-3/
CR62 1.208%-3/
§I68 5.635E-4/
NESS 9.98E-6/

1 1 PU239 8.8672E-4/
1 1 PU240 1.1944E-4/
1 1 PU243 1.33B-6/

1 1 U235 1.268-6/

1 3 U238 §5.78036E-3/
t 1 NONAT 2.357E-4/
$ 1 NA23  9.2004E-3/
1 1 Ot6u .01398/

1 3§ FES6 1.207R-2/
1 1 CR62 2.7088E-3/
1 1 U156 1.240E-3/
$ 1 NWES6 3.12E-4/

2 2 U235 8.66E-5/

2 2 U238 3.96179B-2/
2 2 NONAT 3.8E-6/

2 2

2 2

2 2

2 2

2 2

Cn

b

The ENDF/B-VI libraries (which are 11sed for all the test problems for TRANSX
2.0) <ontain the isotopes for iron, nickel, and chromium instead of the elemental
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evaluations given in previous versions. The dominant isotope of each element has
been used here to keep the problem input compact.

The cross sections are appropriate for diffusion theory or Pg transport theory.
Note that the table length is less than the maximum 804341. The scattering
matrix is truncated in a way that preserves the scattering cross section (i.e., down

the diagonal). In this problem, there are two regions and two mixes. The mixes
are macroscopic, and the fission x will be different in each region because the

compositions are different. Self-shielding uses the constant-escape option with a
temperature of 300 K. The region sizes are not needed for this problem, and they
have been set to 1.0 for simplicity. The mean chord leagth for each region has
been made very large (i.c., no escape from the region) in order to obtain the
mixture part of the self-shielding cnly. The background cross sections obtained
are displayed on the printed output.

This homogeneous model is not completely adequate because the core and
blanket regions are really made up of stacks of long slabs of the various materials
arranged as repeating cells in a stainless-steel matrix. Figure 4 shows a simplified
core cell. This heterogeneity has two effects; first, the background cross section for
a material in a slab is changed because of the change in density and the addition
of a slab escape probability; and second, the lux will be slightly different in each
slab due to the sources and absorptions. The first effect is called heterogeneous
self-shielding, and the second leads to the advantage and disadvantage factors for
cell homogenization.

For the cell of Fig. 4, the self-shielding of 2°Pu in E should be fairly well
represented by the mixture effect in region E plus the escape crois section for a
0.5588-cm slab with a Dancoff correction corresponding to outside regions 4.985-
cm thick (¢m = 9.930 cm) with the homogenized composition of A+B+C+D+clad
on each side of the fuel slab. For the P8U in E, the outside regions extend only to B
and would, therefore, be 1.626-cm thick with the C+D+clad composition on each
side. The 28U in E sees different outside regions to the left (A+B+C+D+clad) and
to the right (B+C+D+clad). The S5304 structures should be well represented by
a 0.444-cm slab with outside regions with the A+B+C+D+E composition. Note
that the mean chord would de only one-half of the infinite slab value, as ly =
5.08 cm. These kinds of arguments can be completed for the other materials and
regions in the cell.

This approach leads to separate two-region cell problems for each class of ma-
terial (i.c., all the plutonium isotopes in E from one two-region calculation, all the
U isotopes in B from another), and TRANSX is capable of setting up the problem
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Figure 4: Simplified core unit cell for ZPR-6 Assembly 7. Region A is
the SS304 structure (0.222 cm), B is a U304 slab (0.635 cm), C ie Na
in an $S304 can (1.270 cm), D is an Fe;05 slab (0.3175 cm), and Eis a
Pu/U/Mo fuel slab in a can (0.635 cm}. All can thicknesses are 0.0381
cm).

in this way. However, the rexult is very complex, and many dummy compositions
are required.

A simpler representation is the multiregion slab cell snown in Fig. 5. This
cell neglects the egg-crate SS304 structure and will overestimate the o¢ values
for region I. It also neglucts the effect of the structure on any paths to regions 2
through 3; thus, there wiil be too much sodium and not enough iron. The resulting
model is given in the following sample problem.

Sample Problem 8. ZPR-6/7 Sph. Heterogeneous Model

TEST 8 -- ZPR-6/7 SPE. XETERO NOOIL
0 30111030900
80 2 60 0 0 2 7 W 1 0
CORE BLABNXT

BND 350 .2223 6 2R1.09/
U203 300 .6350 -6/

§A 300 1.270 -6/

FE203 300 .3176 -6/

CLAD 300 .0381 -6/

FUBL 300 .2794 -8/

BLANKT/

O 1 NOFAT B65.0E-§/

0 1 FESS 4.4742-2/

0 1 CRE2 1.267E-2/

0 3§ 9§I68 §5.4792-3/
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Figure 5: Approximate multiregion slab cell for ZPR-6 Assembly 7. The
dashed lines represent reflection planes. Region 1 is the S5304 end slab
(n.2223cm), 2 is the U304 slab (0.6350 cm), 3 is the sodium (1.270 cm),
4 is the Fe;03 slab (0.3175), S is the cladding (9.0381 cm), and 6 is the
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fuel (0.2794 cm).

NB6S
U23s
U238
o016
BAZ3
o16
FES6
NOEAT

CR562
1568
L1 1.1
PU239
PU240
PU241
U236
U238
NONAT
PU239
PU240
PU241
U235
U233

NOBAT
BA23

WOANABNOARARARARARRRRRAIRNRNNNE D EWNN N

WRNOON == BRIV e O e BN WS N D - W

2

.018-3/
.368-5/
.6728~2/
.T248-2/
.2358-2/
.T24E-2/
.2158-2/
.3e-8/
.T008-2/
.638k-2/
.118B-3/
.418-4/
.8500E-3/
.308E-3/
.4738-4/
.178-8/
.7584E~2/
.4908-3/
.8872E-4
. 19448-4
.33E-5

. 142-6
.468-6
.52038-3
.26018-3
.3572-4
.290E-3

cc/
cc/
cc/
cc/
cc/
cc/
cc/
cc/
cc/
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1 4 018 8.947E-3 CC/
1 2 016 6.0338-3 c¢c/
1 & FES6 1.26B-3 cc/
1 4 FEBS ©5.920E-3 cCC/
1 1 FES6 65.7/8E-3 Cc¢/
1 5 CR52 4.96E-¢ cc/
1 1 CR62 2.213B-3 cc/
1 5 ¥I58 2.27E-4 cc/
1 t ¥IS8 1.013B-3 cC/
1 65 NKE56 3.9B-6 cc/
1 1 NNE5 1.73E-4 cc/
2 7 U235 8.56E-5/

2 7 U238 3.86179B-2/

2 7 NOBAT 3.8E-6/

2 7 o016 2.4E-5/

2 7 FES6 4£.637E-3/

2 7 CR52 1.285E-3/

2 7 NI68 5.63SE-4/

2 7 NES6 9.98E-8/

cax

STOP

This run is s'milar to problem 7 except that additional regions are defined for
the infinite slab model of the core cell. These regions have IMIX=0 so that their
cross-sections are not written onto the sutput file. However, the macroscopic cross-
section for each region is calculated and used during the self-shielding itcration.
To compute the Dancoff correction, the ccde sums up the optical path to the left
from one region coataining a particular material to the next region rontaining the
same material, and then it does the same thing to the right. In either case, if the
sum gets to the cell edge before the “black” region is found, the optical path is
doubled to arcount for the reflective boundary condition. If the left optical path is
zero, it is se. equal to the right path; the complementary procedure is used if the
right optical path vanishes. Therefore, both symmetric and asymmetric two-region
equivalent cells are formed.

It is cle~r from the way the multiregion cell was constructed that the homoge-
nized core cross sections cannot be computed by homogenizing segions 1 through 5
directly. In addition, the material loadings varied from cell to cell in the actual as-
sembly; and other structure, instrumentation, and control regions also contributed
to the net densities for the assembly. TRANSX handles this problem by defining
the core mix using the constituent cross sections from regions 1-5 but using the
homogenized densities from the homogeneous model. When a particular isotope
occurs in several different regions, the homogenized deasity is apportioned between
them (e.g., 81.7% of the 304 stainless steel is in region 1, and 18.3% is in region
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5 with differeat background cross sections). The CC command is used to request
constituent cross sections because these densities are cell-averaged densities.

The model used in this example accounts for the heterogeneous self-shielding
effect, but not for the advantage and disadvantage effects. They can be obtained
by using a flux solution by regions to do a flux and volume weighting of each cross

section in the assembly. This can be done using two TRANSX runs and an Sy
code as shown below. These examples also illustrate how to use thermal upscatter

cross sections.

F. Self-Shielded Thermal Reactor Problems

Thermal neutrons are usually important when light materials (for example,
water or graphite) are present. Such problems are charactesized by the presence
of upscatter. In addition, therinal assemblies are oiten strongly heterogeneous
because of high absorption cross sections. Thermal upscatter cross sections are
available on some of the MATXS librasiec (see Section V), and the heterogene-
ity is usually treated by fine-group structures and/or heterogeneous self-shielding
methods.

Sample Problem 9. Homogenized Thermal Critical Assembly

TEST 9 -- ORNL-1 BENCENARK

0t 91 110300
69 2 93 20 40 1 1 7 1 O
GLOP

GLOP 300. 1. 1 34.508/

1 1 Bi .068228 K20/

1 & 016 .033738 FER/

1 1 514 1.869E-4 PSR/

$ 1 U234 5.268E-7 PRER/
1 1 U235 4.8066E-5 FAER/
1 1 U236 1.388-7 PMee/

1 1 U238 2.807TE-6 FRER/
CaI

STOP

This benchmark is modeled as an homogeneous sphere of urany! nitrate in water
without a container.l? It is important to use a MATXS library like one of the
~ 69-group libraries that has both upscatter cross sections and self-shielding factors.
Note that 20 upscatter groups are allowed, for a total table length of 4469420 =
93 groups. Using 40 thermal groups gives a thermal cutoff of 2.60 eV; that is. there
is no upscatter to groups above this energy. The self-shielding treatment accounts
for the mixture effects and the possibility of escape from the sphere (the mean
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Table 3: Moderator materials on the ENDF/B-VI thermal data files.
The names in parentheses give the binding state for the principal scat-
terer. For example, C in graphite, or H in water. The MATXS names are
based on this binding condition. Elastic scattering can be either coherent
(coh) or incoherent {.cl). In either case, the MATXS name is constructed
by appending a dollar sign ($). The last column gives the appropriate
treatment to use for the secondary atom, if any (see text).

Material MATXS  Elastic Secondary
Name Name Treatment Treatment
Be BE coh

BeO BEO coh none
C(graphite} GRAPH coh

C(polyethylene) POLY iel free C
Celg C6Hé6 none
D(D;0) D20 free O
H(H,0) H20 free O
Ze(ZeH,) ZRH icl H(Z:H,,)
H(Z:tH,) ZRH iel Zr(ZsH,)

chord length is 34.595 cm). Free-gas thermal scattering is used for all materials
except hydrogen, which is bound in water.

Most ENDF/B-VI thermal evaluations give the scattering from an stom as
bound in a molecule or crystal lattice, and the effects of the different atoms in a
molecule must be combined in TRANSX to obtain the net thermal scattering cross
sections. As an example, water in the sample problem above is a combination of
H bound in H20 and free-gas oxygen. However, some ENDF /B evaluations give
the scattering for the entire molecule in the tabuiation for the principal scatterer.
In these cases, the thermal cross sections are renormalized to be used with the
principal scatter. The TRANSX user must he careful not to include frec-gas
scattering for the secondary atoms. Table 3 lists the thermal evaluations available
in ENDF/B-VI and indicates which treatment of secondary atoms was used. This
table also indicates which evaluations require both inelastic and elastic parts. The
elastic names (whether coherent or incoherent) are obtained by appending a dollar
sign (8) to the names given.

As examples, the TRANSX material specifications for graphite, beryllium ox-
ide, methane, and ZrH might take the forms

$ 3 CEAT 1. GRAPE GRAPRS/
2 2 829 1. BED BEOE/
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2 2 0te 1. woONR/
3 3 81 6. CeHe/
3 3 CNAT 6. BKONE/
4 4 Bt 1. ZRE ZAE§/
4 4 I8 1. ZRE ZRE$/

For self-shielding problems like this one, it is necessary to define a mixture in or-
der to calculate the oq values. However, the user often needs the “constituent” self-
shiclded microscopic cross sections for such applications as concentration seazches
or depletion calculations. These constituents can be requested by defining addi-
tional output mixes and by using mix specifications containing the key words “CC”
(for cell constituent) or “RC™ (for region consituent). Sample problem 9 would
become

69 2 03 20 40 8 & 4 1 O
GLOP H1 016 B§i14 U234
U236 U238 U238

1 1 U239 2.807E-6 FAER/
2 3 81 1. c¢/
3 3 o018 1. c¢/

8 1 U238 . CC/.
STOP

‘The entsy “CC” tells the code to use the microscopic cross section that was
added int » the mix by the normal mix specification for this material and region.
(The “CC” and “RC” commands are equivalent for a homogeneous case like this
one.) The transport code now has the choice of using the macroscopic cross section
or remixing using the micros. If the densities in a concentration seasch were to vary
enough to chang: “he self-shielding, it might be necessary to repeat the TRANSX

calculation for the new mix.

Sample Problem 10. TRX-1 by Regions

TEST 10 -- TRX-1 RECIONS

06 013 21 03 00

69 2 96 20 40 3 3 6 4 3
FUEL CLAD NOD

FUEL 300 .76892 3 .36 1.18/
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CLAD 300 .28085% -3/
NOD 300 1.78489 -3/
1 1 U235 6.263E-4 FREER/
1 1 U238 4.7205E-2 FREE/
2 2 AL27 5.3728E-2 FREE/
3 3 N1 6.876E-2 K20/
3 3 016 23.338E-2 FRER/

CBI F238 F2356 C238

2 BNFTOT 1 U238
3 FFTOT 3§ L2356
4 16 1t U238

sT0P

The TRX-1 thermal benchmark?3 is a hexagonal lattice of aluminium-clad pins of
cariched-uranium in water. The heterogeneity option IHETs3 is uscd to compute
the Dancoff corrections for an infinite hexagonal lattice. A 69-group library is used
because it contains thermal scattering matrices. Note that free gas scattering is
called up for most of the materials, but the cross sections for hydrogen in water
are used for Hi. Using 40 thermal groups gives a cutoff at 2.60 c¢V. Upscatter is
limited to 20 groups; any larger energy gains would be truncated so as to preserve
the scattering cross-section. The table length is 20469+3+4, so all downscatter
groups will be kept.

The output Py cross sections are written in group ordering on a file in GOXS
format. which can be read directly by the ONEDANT Sy code if its name is
changed to MACRXS. Another copy of this file must also be made with the name
SNXEDT for use by the ONEDANT edit module. The ONEDANT input for this

case follows:

]

Z-1 INFIBITE LATTICE CELL - 69 GROUPS - ENDF/B-VI
DINENSs 2 60 83 334407
INESHE= 0. .49156 .5042 .5753 .9482 XINTS=s 17 3 3 17
ZOWES= 1 0 23 T
LIBs BACRIS T
ASSIGE= MATLS T
SOLIE= 1 $ 003 SO0LOUTs 1 ONO0OO0OO0OO 3 NORN=s 1. T
RZNFLI= § T

Note that no mixing is done in ONEDANT because the MACRXS file alrcady con-
tains the appropriate macroscopic cross sections for the two regions. The two key
statements are LIB=sHACRXS and ASSIGN=MATLS. When the flux calculation is com-
plete, ONEDANT writes a flux file that can be used as input to a second TRANSX
run. The RZNFLX file is a nonstandard CCCC file for regular zone moments flux
(see Section IV).
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Sample Problem 11. TRX-1 Infinite Lattice Cell

TEST 11 ~-- TAX~-1 INF. LATTICE CELL
0O 6 0t 21 0 3 00 3

2 2 10 40 &t 1 3 5 4 3
CELL

FUEL 300 .768962 3 1.15 .18/
CLAD 300 .28085 -3/

NOD 300 1.76489 -3/

3 ¢t U235 6.253E-4 FREE/

i 1 U238 4.T206E-2 FREE/

1 2 AL27 5.1728E-2 FRBE/

1 3 HiI 6.676E-2 H20/

1 3 016 3.338E-2 FREE/

CEI F238 F235 (238

2 NFTOT 1 Ua3s

3 SFTOT § U236

4 8G 1 U238

45 24/

STOP o

The entire self-shielding calculation is repeated, but this time everything is homog-
enized into IMNIX=1 using the given volumes and the computed region flux moments
from the RZMFLX file. Note that the results are collapsed into two groups. The
resulting breakpoint will be at ©.625 eV so that the response edits can be used
to calculate the epithermal-to-thermal ratios usually quoted for thermal critical
assemblies. These two-group cross sections could alse be used to calculate the
net leakage from the system using a two-dimensional RZ transport code, thereby
determining whether the basic cross-section set gives a multiplication close to crit-
ical.
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IV. INTERFACE FILES

TRANSX uses interface files for cross-section input, flux input, and croes-
section output. Some of the output files are simple card-image files, but the inter-

face files®d follow the pattern of the CCCC interface files.

A. The MATXS Generalized Cross-Section File

The standard CCCC files, ISOTXS, BRKOXS, GRUPXS, DLAYXS, and
ISOGXS, have a nuinber of shortcomings that nave mrade them difficult to use
outside of the fast-reactor community where they we-e developed. ISOTXS is
limited to a particular set of rcactions that is inadequate at the higher energy
found in fusion problems; it does not allow for such impostant supplementary
information as heating (KERMA) and damage cnergy cross sections, and it does
not allow for the partial cross sections needed for sensitivity analysis. BRKOXS
doesn’t provide for self-shiclded group-to-group scatter:ng cross sections. ISOGXS
has the same problems as ISOTXS. There is no format for delayed photons or decay
heat. These files use different formats to represent data that are basically similar,
so the overhead of coding required to use them is high.

The MATXS format was designed to generalize and simplify the existing files.
The first design principle was that all information would be identified using lists of
Hollerith names. As an example, if the list of reactions included in the file contains
entries such as NF, ¥G, and ¥2M, it is trivial to add additional reactions such as XKERMA
or DPA. The second Cesign principle was that the file would be designed to hold
sets of vectors and rectangular matrices and that the same format would be used
regardless of the contents of the vectors and matrices. As a consequence, once a
code is able to handle n—n matrices, it can also handle 7~ data; once a code can
handle y—n, it can also kandle n— v, 3—n, or even p—d. It was originally decided
to divide the file into “data types” identified by its input and output particles. As
an example, y—n is a data type characterized by input pasticle equals neutron and
output particle equals photon. The matrices contain cross sections for producing
photons in photon group n, due to rcactions of neutrons in group n,. The vectors,
if any, would contai: photon production cross sections versus neutron group. Then,
each data type was divided into materials and submaterials. A material might be
a pasticular isotope or mixture (e.g., U238 or SS304). Each submaterial could
then repr:sent a particular temperature and background cross section in a basic
library, or perhaps a particular region f~~ a resctor. Starting with NJOY 91.0,
this organization was changed to have the material as the outermost loop. Each
material was then divided into submaterials, where each submaterial could belong
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Name Definition

Neutron

Photon (gamma or x-ray)
Proton

Deuteron

Triton

e

Alpha (‘He)

» X - O v O =

Table 4: Particle types defined for current MATXS librasies.

to a given data type and have a given temperature and background cross section.
‘This organization makes it much easier to add, delcte, or extract materials from
MATXS files. The MATXS library format that resulted from following these
general principles is described in Appendix B. The standard CCCC form is used.

As in all CCCC-type files, a MATXS library starts with a file identification
record that gives the name of the file, a user identification string, and a version
number. This is followed by the file control record; here BPART refers to the list
of particles found in the file (2.9., ¥, G, B); each particle has its own dictinctive group
structure. NTYPE is the count of data type names, and NHOLL is the count of words
in a general description of the contents of the file, processing methods, accuracy
criteria, and so on. KMAT is the aumber of materials given in the library. MAXW
is the maximum size of a record to be found in the file. It helps in establisking
storage requirements. Finally, LENGTH gives the total number of records in the
library.

‘The file data record gives the particle and data type names (see Tables 4 and
5), the names of the materials, and the numbe: of groups for each particle. It also
characterizes each data type by identifying its input and output particles. Finally,
it gives the number of submaterials for eacl. material and the LOCK vector. The
LOCY vector makes it casy to skip directly to a desired material without reading
all the intervening data.

Each material starts with s material control record, which gives the name
of the material and informatior. on the submaterials. Once again, it is possible to
jump directly to a desired submaterial by using the LOCS vector.

The first record for each submaterial is the vector control record. The
vector data are organized by reactions with Hollerith names (HVPS). To keep the
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Name Definition

KSCAT  Neutron scatting

GSCAT  Photon scattering

NG Photon production

NTHERM Thermal neutron scattering
PSCAT  Proton scattering

PN Proton-to-neutron matrix
] 4 Neutron-to-proton matrix
clc.

Table 5: Data types defined for current MATXS libraries.

maximum record size reasonable, the vectors can be given in several blocks; each
vector is taken to be nonzero nnly between the given limits (NFG, NLG). Thus,
excess zeroes a'e omitted for threshold reartions or for reactions with no high-
energy groups such as thermal scattering. Any rcaction that can be named can be
stored in MATNXS.

The convention used for naming m.ost reactions is clear from the example in
Appendix H (e.g., BG, ¥A, or N2K). The sy:nbols NWTO, NNT1, ¥TOTO, and NTOT1 refer
to the flux- and current-weighted components of the library weight function and
the neutron total cross section. Fission may be split into the partial reactions 87,
NNF, and N2NF; in any case, NFTOT is the total fission reaction. Discrete-inelastic
scattesing in ENDF is deroted by the level plus 50; thus, MT51 is (n,n}). On the
MATXS library, this is given as NG1. If the level decays by particle emission, the
particle ide .tifiers are tacked on after the number (e.g., N62DAA). Emission of 3He
is deroted by H.

The neutron files also contain some special quantities. HEAT and DAME are the
local heat praduction and demage energy production cross sections. NUBAR, XI,
GAMMA are the conlinuous slowing-down parameters. INVEL is the group-averaged
reciprocal velocity. Finally, NUD and CHID are for delayed fission as described in
Sec. II-B.

In the thermal data type, reaction names identify the binding condition; FREE
for free gas, H20 for light water, D20 for heavy water, POLY for polyethylene, BENZ
for benzene, GRAPH for graphite, ZRHYD for zicconinm, and BEO for beryllium oxide.
The elastic part is distinguished from the inclastic part by a $ siga on the end of
the name.
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In the photor interaction data typc, the reactions are GNTO, GTOTO, GHEAT,
and GDAME analogous to the neutron names, GCOH for coherent scattering, GINCH
for incoherent scatiering, GPAIR for pair production, and GABS for photoclectric

absorp.:an.

After the vector blocks comes the matrix control record. The representatic»

used for cross-section data is similar to ISOTXS in that it packs the data as bands
of source groups that scatter into each given sink (final) group.

The matrix names used in the current libsaries are the same as for the corre-
sponding vectors. All the partial scattering matrices are kept separate for max-
imum flexibility. If groups of these partial matrices were to be combined by an
auxiliary program, new names would have to be defined such as TOTAL or INELAS.

Summary descriptions of several existing MATXS libraries will be found in
Section V. These libraries were derived from ENDF/B-V and ENDF/B-VI; they
use ncutron group structures with 30 to 187 groups and photon structures with 12
or 24 groups.

E. RTFLUX, RZFLUX, RMFLUX, and RZMFLX Files

Four different flux input files are allowed. RTFLUX is a CCCC standard
interface file2d for tegular total flux, which is normally used to give the ’, flux
by fine mesh interval. TRANSX uses it as if it contained region or coarse mesh
fluxes; if only one region is defined, RTFLUX is a handy way to pass central fisx
into TRANSX from a CCCC standard code. RZFLUX is a aimilar CCCC file for
regular zone averaged flux.

What TRANSX rcally nceds are the Po, Py,... moments of the flux given by
coarse mesh regions. oweves, as all Sy codes have ¢y, ¢4, ... available from the
calculation of the source term, the moments can b made available for output in a
moments flux file. The ONEDANT and TWODANT codes now have the capability
to write the RMFLUX (regular moment flyx) file by fine mesh or RZMFLX (regular
zone averaged moment flux) by coarse mesh. The format of these non-standard
CCCC files is the same and is given in Appendix E.

It should be noted that ordering of the flux moments becomes mose complex for
cylindrical or two-angle plane geometry when the associated Legendre functions
appeas in the formulas. A good discussion of the ordering used in the Los Alamos

transport codes appears in the ONETRAN nzpou.'M TRANSX shotld be limited
to P; sets for these cases.
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C. CARD 6E12 Format

This is a simple material-ordered card format that can be read by almost all
transport and diffusion codes. The » (out file starts with a block for the first
iegerrndre order of the first material, then gives the second order, third order, and
8o on. The filx then continues with the first order of the second material, elc.,
until all the data blocks have been written.

Each block starts with a simple header card that gives the material name, Leg-
endre order, table length, znd number of groups. The data are then given using
a 6E12.5 format starting with position 1 of final group 1, position 2, position 3,
..., Up to position NTABL of the first group. The data then continue with all the
positions for the second group, elc., until the block is completa. Each block con-
tains KTABLxNGRGUP words, six per line, with a sequence number on each line. An
example of this format is given with the Sample Problem 1 output in Appendix A.

D. CLAW Format

This is also a material-ordered format very similar to ICUT=s1. The NED+3 edit
positions are written out in a separate response edit block with its own header
card containing the name of the material and the word “EDITS.” All the groups
for positi~. 1 are written first in GE12.5 format. A reaction identifier and sequence
number are added to each card in columns 73 -80. The same process is followed
for the rest of the edits. The first BED positions are then removed for each group
of the scattering blocks, ard the blocks are written out using 6E12.5 cards. Each
card has its legendre order and a sequence number in co'umns 73-80.

The edit tables are very easy to access with a text editor in this form, and the
positions reserved for editz in the high-order tables have been removed for economy
in transport code storage.

E. FIDO Output

The transport tables for I0UT=1 and 2 are usually more than half zeroes. This
waste of words on the input file can be reduced by using FIDO format in which
a group of N zcroes is replaced by one entry that says “repeat zero N times”.
TRANSX uses fixed-field FIDQ, which divides a 12-column field into a 3-column
part and a 9-column field without a decimal or an E (e.g., 1234567-6 is 1.234567).
A negative number or a number with a two-digit exponent field ends up with less
precision. To obtain the repeat option, “nnR"” is put into the 3-column field where
nn is the number of times that the number in the field following R is to be repeated.
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A table is terminated by an entry with T in column 3 of the 12-column field and
every other column is blank.

The materials and scattering blocks are written in the same order as for 10UTs{,
and a header card is provided for each I:lock. The tables are much more compact
but harder to read. Some FIDO processors are much more elaborate than this
one, but TRANSX uses only the R and T options.

F. ANISN Output

There has been a long tradition in which ORNL codes wrote the source term
of Ly. (1) as shown, but Los Alamos codes kept a factor of (2£+1) explicit in the
sum. The only difference hetween the FIDO and ANISN options is that ANISN
tables include the /2(+1) appropriate for ORNL codes and FIDO tables leave it
out, as required by the Los Alamos codes. Modern codes like ONEDANT often
have options to read either type of table. An casy way to distinguish between
them is to look at the scattering matrix for a high-energy group with alimost delta-
function forward scattering. Los Alamos tables will have Pg2P;>P3>P;,.... The
higher orders will tend to grow for ORNL tables.

G. ISOTXS Output

As pointed out above, the ISOTXS format has some shortcomings as a general
library format; however, it is well suited as an output format from TRANSX
because many codes can use it as input. For the convenience of the TRANSX
user, the ISOTXS format speciﬁ«:alion20 is reproduced in Appendix F.

When selecting ISOTXS output, the edit names can be STRPL, SNGAN, SFIS,
CHISC, SNALF, SHP, SN2N, SKD, or SNT. The first and second must be present (TRD
and XG, respectively), and SFIS must be present (if not zero) to allow 7 to be
calcuiated from 0. The others are optional. As an example,

$ I0UT=8, BED=9, FEDS=0

CEISO STRPL SHNGAN SFIS SI2B
SEALF SEP SED SET/

cs1/

TR/

56/

wrrot/

»ay/

5/

P/

~NAORE N -
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8 D/
9 5T/

The ordering of the names is not important. Note that the edit specifica-
tions for SKD could load HEAT or DAME into the rorresponding position rather
than the (n,d) cross section. This kind of trick must be used with care because
some Sy codes may calculate their particle-balance-absosption edit from SMGAM
+SFIS+SNALF+SNF+SND+SNT-SH2N. A separate vector chi is computed for each iso-
tope with fissior, but no set chi vector or matrix is provided.

The output coding produces a total scattering matrix only. It uses the option
in which a different “block™ is used for each Legendre order. Subblocking is not
used, so the scattering blocks each consist of a single record containing all source
and sink groups for that order. No attempt is made to take full advantage of JBAND
and IJJ to remo ‘e zeroes, but the matrices are triangularized and truncated using
MAXUP and MAXDN for some savings in output file size.

The parameters AMASS through KBR in the isotope control record are set to zero.

H. GOXS Output

As pointed out in Section 11, group ordering is the natura! organization of the
cross sections in an Sx code. Using a group-orzdered library file saves the time
required to flip the data from material to group ordering, and it allowe large group

structures to be used.

The GOXS (pronounced go-ex-css) fle is described in Appendix G. It was
designed as a CCCC-compatible binary fle to provide an efficient internal cross-
section representation for any Sy code. It is conpatible with the MACRXS file
used in ONEDANT and TWODANT.

Like MATXS, the GOXS format uses Hollerith names for materials and vector
cross sections. Thus, the number and types of response-function edits that can
be included are essentially unlimited. Also, the availability of uames for matersials
and reactions enables the code designer to produce a very seadable priated output.

As noted previously, most of the vector cross sections are not needed during
the flux calculation but only at the end of the job when responses are computed.
If the transport code being used his such a post-edit capability, the TRANSX user
can run a separate edit job as in Sample Problem 4, and the GOXS output coding
will prepare a short file with no scattering iables. This file is then compatible with
the SNXEDT fiie used by the EDIT module of ONEDANT and TWODANT.
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Scatterirg matrices on GOXS are packed using “bands” as in ISOTXS to miu-
imize the number of zeroes on the file. It is also advantageous to minimize the

number of zeroes in the memory region where cross sections are stored. I'he same
JBAND and I.J arrays can be used to pack the scattering data into memory, if
desired. Thus, GOXS is just an image of the internal data representation of the
transport code giving maxiumum efficiency in data transmission. ONEDANT and

TWODANT use this feature of GOXS.

No card-oriented group-ordered format is provided because (1) no de facto
standard such as FIDO exists, and (2) it makes more sense io convert the existing
Sn codes to read GOXS.
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V. SOME MATXS LIBRARIES

MATXS libraries are produced from evaluated nuclear data in the ENDF/B
format using the NJOY nuclear data processing system.m' 13, 14. 15 A4 of ver-

sion 2.0, the preferred libraries for TRANSX are based on ENDF/B-VI. However,
severa! older libraries based on ENDF/B-V have been converted to the current
version of the MATXS format also.

A. MATXS10

This is a library with 30 nentron groups and 12 photon groups (30 x 12) that
inclides 117 niaterials from ENDF/B-VL. Photon production and photon interac-
tion are included, but self-shielding isn'ts. The Legendre order for the scattering
matrices is Py, The materials are given at a temperature of 300 K. A complete list
of materials and reactions included can be nbtaired from an INDEX of the library
(a partial listing of this index will be found in Appendix H).

MATXS10 was prepared with a fusion + fission + 1/E + thermal Maxwellian
weight function. It is useful for many high-enecrgy calcuiations, including criti-
cals such as GODIVA. It works surprisingly well for many shielding problems for
which resonance self-shiclding is not too important. The libraty is compact, and
TRANSX runs usually require only a few seconds on a fast computer.

B. MATXSS

This library is similar to MATXS10, except that it was generated from
ENDF/B-V. It includes neutron data for 100 materials (including 13 Dosimetry
isotopes), photcn production for 65 materials, and photan interaction cross sections
for R7 elements. Several special Lns Alamos evaiunations and a lumped fission
product from the ‘Nestinghouse Hanford Engineering Development Laboratory
(HEDL) are also included. See the INDEX for more details.

C. MATXS11

This is an 80 x 24 library from BNDP/B-VI intended for fast-reactor analysis.
However, the group structure and weight function used also make MATXS1] a
reasonable choice for fusion studies and shielding calculations.

This library features extensive self-shielded cross sections for the temperatures
300, 400, 600, 800, 1200, 1600, 2000, 3000, and 4000 K. Background cross sections
vary from infinity down to a lnwer limit that depends on the normal applications
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of the materials. The Legendre order is Py for both neutrons and photons. See
the INDEX for a complete list.

'The 24-group photon structure is much better than the 12-group structure for

low photon energics and for energies around the annihilation peak at 0.5 MeV. It
also does a better job of describing the high-energy "shoulder” of capture gammas

in some systems. This can be itnportant for heating calculations.

MATXS is more expensive to use than the 30 x 12 libraries, but it is capable
of giving good results for a wider range of problems.

D. MATXSé

This 80 x 24 library is similar to MATXS11, except that it was prepared from
ENDF/B-V. There are 148 materials, including 72 with photon production.

E. MATXS12

This is a 69 x 24 library from ENDF/B-V1 for light-water-reactor problems. It
includes self-shielded cross sections for the important actinides. Thermal scatter-
ing data are given for all the materials, with bound scattering for the important
moderators. The group structure has 42 thermal groups extending up to 4 00 eV.

F. MATXS?

This is also a 69 x 24 library, but it is based on ENDF/B-V. There are 118
materials, including the most important fission products. Photon production is
included for 42 materials.

G. MATXS13

The MATXS13 library has 187 neutron groups and 24 photon groups for a
limited number of materials useful for shielding problems. It includes neutron
data, photon data, thermal data, and seif-shielding data in one unified package.

The photon data are the same as in MATXSI11, but the increased neutron
accuracy leads to better calculations of capture, hence better photon spectra.

The thermai structure includes 55 groups below 4.45 eV, thereby providing
better resolution around the 1-eV 3OPy resonance and more accuracy at enecgies
below 0.0253 eV. The fine epithermal group stsucture tracks the slowing down
of neutrons better than the coarse groups of MATXS12. As more materials are
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added to this library, it will become an accurate general purpose tool for thermal
problems.

Finally, for high-energy problems, the thermal groups can be collapsed out.
The result wil: still have a finer group structure than MATXS10 or MATXS11,
and it can be used to attack difficult problems that do not seem to converge with
the simpler libraries.

H. MATXSS8

This library is similar to MATXS13, except that it was processed from :
ENDF/B-V. It is an 80-group library for fast-reactor and fusion-reactor problems.
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V. PROGRAMMING DETAILS

A. Yersion Control

TRANSX is mainiained using the U'PD code,'n which is similar in concept to
the UPDATE code used on Cray and CDC systeins. It keeps a history of changes to
a computer code that is very ‘seful as part of a Quality Assurance (QA) prograr..
However, UPD is much simpler than UPDATE, thereby facilitating transpost from
~ system to system. This transportability is very ‘mportant, becausc it ensures that

one set of “updates™ will produce the same code for compilation on all the target
systems. With other systems used in the past, modifications sometimes behaved

differently on different systems.

UPD reads two files. The file named SRC contains the base version of the source
code for the program. This file can be broken up into separately ramed sections
with “eDECK name” cards. However, TRANSX uses only the single deck named
“TRANSX.” For simplicity, there is no counterpart to the binary “program librasy”
used in the UPDATE system. T:i.e second file is called UPN, and it contains the
commands to modify the base source file into a compiler input file for the cursent
version.

The following example illustrates the features of the UPHN file needed for main-
taining the TRANSX code:

oCPL
oLST
¢IDEST UP)
e/ 6 JAY 92 -- ISCREASE SIZE OF NALIN CONTAINER ARRAY
oD TRANSX.182
DINZESION A(500000)
oD TRAESX.222
BANAX=500000
¢IDEST VERS
¢/ VERSION UPDATE FOR TRANSX
oD TRANSX.12
c VERS. 2.1 (6 JAS 92)
oD TRANSX.216
DATA VERS/® VERS. 2.1 (6 JAN 92)°/
*IDENT UNICOS
0/ mcmmmccccrcaccsan-a
e/ MACHIBE-DZPESDEST CEANCES TO TRANSK
e/ FOR CRAY-INP NACBINES USING UBICOS AT LOS ALANOS
o/
o/ ELAPSED TINE
oD TRANSE.3800
CALL SECOFD(TINE)
o/ DATE
oD TRANSK.3816




CALL DATE(HDATE)
e/ VMALL CLOCK TINE
oD TRANSX.3826

CALL CLOCX(BTINE)

The first line of this example gives the command CPL, which causes a compiler input
file named CPL to be writien containing the updated program. The commmand LST
causes a listing file named LST to be written. These listing files are a little easier

to read than normal CPL files.

The first set of changes begins with the card ¢IDENT UPL. The modified lines
on the CPL or LST files will contain labels like UP1.2, UP1.3, etc. This particular
“ident” changes two lines in order to increase the size of the main container array.
The symbol “¢/” introduces a comment line. It is very important for QA purposes
to include comments in each ident that describe the purpose of the change. ft is
also very important that each change be dated as shown.

The next ident updates the version label on the code listing and the version
string that is written to every TRANSX listing file. The numbering convention
used for TRANSX is suggested by this example. Including an ident called UP
increments the TRANSX version to 2.1; UP2 would give 2.2; and so on. Note that
the date from the last ident is transferred to ident VERS. This scheme will be used
for all “official” changes to TRANSX. Users are free to make private changes using
their own special ident names.

The third ident implements some machine-dependent changes. These changes
will be discussed below.

The general forinat for the delete command is

oD 1liael,line2

' “,1ine2" is omitted, 1ine2 is taken to be the same as 1ine1. The actual values
for the line references can refer to lines in the base code (e.g., TRANSX .234) or to
changed lines {e.g., UP1.2). In general, any line label that appears on the current
CPL or LST file can be used. The delete command causes the range of lines named
to be removed, and any text following the command is inserted at that point in
the file. The insert command has the form

o] lines

Any text following the command is inserted after the named line. There is also a
“before” command:
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o8B linet

that causes the following lines to be inserted belore the named line. Other features
of the UPD code and more details on its use will be found in the UPD repert.

B. Code Conversion

TRANSX is designed to be converted casily between long-word machines (CDC,
CRAY) and short-word machines (IBM, VAX, Sun). All Holleritk variables begin
with the letter “H” and can be defined to be donble-precision with a statement
like IMPLICIT REAL*8 (H). Expressions for the lengths of arrays and pointers for
the starting locations of arrays all use the parameter NULT, which is set equal to 1
if the machine word can contait; 8 or more characters and 2 if not (an IBM word
contains 4 characters). The input routine FREE contains a machine-dependent
variable MACHWD for the number of characters per machine word (MACHWD=10 ‘or
CDC, 8 for CRAY, and 4 for 1BM, VAX, or Sun).

Most of ihe changes required to go back and forth between shorst-word and long-
word machines are carried out automatically using the conditional capabilities of
the UPD code. As an example,

oIF SV
INPLICIT REALe8 (B)
eELSE
INPLICIT ISTEGER (W)
sEND1IF

The uscr only has to be sure to include the lice “oSET S¥™ in the UPN input file
for the UPD rua (put it before the first “ident™).

After these changes have been made, there may still be some incompatible
system calls connected with input/output, CP time, ate, clock time, and fatal
error handling. Fatal errors use subroutine ERROR, which can often be adapted
to provide trace back information or to leave a “drop file” for later analysis by
an on-line debugging code. The subroutine TIMER is used to obtain elapsed CP
time in scconds. DATER is used t¢ obtain a date string (which can be formatted in
different ways as iong as it contains only 8 characters; examples are “mm/dd/yy,”
“dd/mm/yy,” or “ddmmmyy"). WCLOCK is used to obtain the wall clock time;
that is, the time of day for the TRANSX run. UPD idents are provided for several
common machines and operating systems. These decks can also be used as starting
points in constructing the updates required for other s/stems.

The problems of input/output have beer alleviated somewhat by FORTRAN-
77, but some installers may still find incompatibilitics. TRANSX uses the CCCC
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standard?d subroutines SEEK, REED, and RITE. Local optitnized versions may be
available at installations that use existing rcactor-physics codes. RITE is used to
write a binary record and is very simple. REED is used 1o read binary records, but
the reads may be nonconsecutive. At Los Alamos, ncnconsecutive reads are sup-
ported using forward and backward record skipping. On soine systems (especially
VAX), it may bz more efficient to rewind and skip forward rather than to use the
backspace commaud. The SEEK routine is used to connect external files by name
to logical unit numbers. The FORTRAN-77 version used in the code should work

for most systems.

The Los Alamos CTSS version of TRANSX uses the program card to assign the
input, output, and tty units, and the FILEREP call to enable reassignment of units
or the execute line (e.g., transx input=testl, output=outl). Seme systcms may
tequire explicit OPEN statements for these units.

C. Storage Allocation

TRANSX uses variable dimensioning and dynamic storage allocation for of-
ficient use of available memory. If insufficient memory is available, pagiag and
multiple passes through the library file are used. This allows very large transport
sets to be produced, if necessary, at the expense of running time.

For material ordering, the code determines how many materials and Legendre
tables can fit into the available storage. It then makes one pass through the library
file, produces the cross scctions for the first set of materials and orders, and writes
them out on the output file. It then rewinds the data file and repeats the entire
process for the second set of materials and orders. This process continues until
all the desired materials have been produced. The minimum set is one Legendre
order and one material; if this does not fit, group ordering can be used.

For group order ng, the code determines how many groups (NGMAX) can fit in
memory at one time. It then makes one pass through the data file for cach set of
NGHAX groups, writing out the group cross seclions after each pass.

This paging strategy allows TRANSX to be run on small machines if necessary,
but if 3 large memory is available, the code will run much more efficiently. Storage
is assigned to a single container array A with NAMAX words (WAKAX is 300000 in the
Los Alamos CRAY version). The allocation can be changed easily by changing the
two statements DIMENSION A(300000) and HAMAX=300000.

A similar scheme is used during the calculation of self-shielding oo values. Cross
section data are read in for groups JGLO to JGHI, the g values ate computed and

40



printed, and the code repeats the process for the next group range, JGLO to JCHI.

Part of the NAMAX words of storage is reserved for reading the records of th~

MATXS cross section file by the statement INHAX=800%). This should be sufficient
for MATXS files prepared with the default value of NAKW (5000).

D. Description of TRANSX

TRANSX begins by initializing MULT, the units for system input and output
(5 and 6), the acratch unit used for self-shielding data (20), the storage sizes (see
Section V-C), and the parameter K12, which determines the maximum line length
for the printed output file.

1. User Input After printing « heading, TRANSX begins to read the user’s
input. Most values are stosed in variables with the name given in the input in-
structions (e.g., IPRINT, NTABL) or in the container array A using a pointer named
by prefixing L to the name from the input instructions [e.g., INIX values are stored
at A(LINIXe1), A(LINIX+2), elc.]. The 2xception is the heterogeneity data IHET,
CHORD, efc., which are packed in the container array as they are read; the array
with puinter LIHET locates the parameters for each region in the big array.

Several additional arrays ase defined using the input data. LNCHK points to an
array used to check whether any materials requested in the mix specifications were
not found on the library (somctimes this means that the name was misspelled).
LGTAB points to an array containing the coarse-group index for each fine group that
is constructed from the slightly different representation used for input. IMIXR is
the “real mix” index; it runs over the NNIXR mix specifications that are not flagged
as constituent cross sections with the labels “CC” or “RC”. A related array is ICONS,
which points to the “real™ mix command for each constituent mix command. The
number and names of the unique materials found in the mix specifications are
also determined (see NUNIQ and the array HUNIQ startiag at LEUNIQe1). The array
JNIX contains pcinters to the unique material for each mix specification (or zeso if
the material is a constituent material), and the array XKNIX coutains a counter that
distinguishes between t1c <1hsequent occurrences of a unique material in the mix
specifications. Finally, MAXU i 't» largest number of times any unique material
occurs. It is used later for dimensivtf the FGAN and FFIS arrays.

If a spatial collapse is indicated by the iapuws ;1 * fnmmands, the Sag ISPC
is set. In addition, TRANSX ausn, . tes the @l) volus. '~ from the region
volumes RVOL given by the woc:  'he g0 2 +f the pagjnm : ‘n the cell
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The IRF array is used later to flag when the weighting flux for each particular
particle has been read in.

At this point, memory is allocated for the flux arrays. The Legendre compo-
nent. of the finc flux are stored as if they were in an array FFLUX(fine group, region,
order). For no collapse, this array starts at LFLUX+1. If collapse is requested, a
coarse-flux array of the form CFLUX (coarse group, mix, order) starts at LFLUXe1,
and the fine-flux array starts at the location

LFLUX+*NGROUPeNNIXo (NLRAX+1).

The use of WLMAX*3 orders provides for the flux moments needed for inflow trans-

port corrections.

If an input Rux file has been defined, it is read following thke comment “READ
FLUX FROM INTERFACE FILE." If there are fewer than NREG regions on the
input file, the last region is used to fill out the table. If there are not NL+1 orders
on the file, the last order is used to fill out the table.

If self-shiclding has been requested, the appropriate background cross sections
and sclf-shieiding factors are computed by calling subroutine SIGZER. This rouatine
uses temporary storage defined with respect to the pointer LC. It writes its results
on the scratch tape NSS=NSCR.

Next, storage is allocated for the scratch arrays. LCNORM points to the to-
tal fission neutron production uzed to normalize chi; that is, the denominator of
Eq. (19). LPNU points to the array of prompt fission o values. LDNU and LDCHI
point to the delayed-fission data. LSFIS is a pointer for the microscopic infinitely
dilute fission cross saction of the current material. LSGAM is used for the micro-
scopic infinitely dilute capture cross section. LFFIS and LFGAN ase used to store
the self-shielded cross sections for fission and czpture. LABSC is a pointer 10 the
array used to accumulate the particle-balance absorption by the direct method.
And finally, LTERPT locates the array of interpolation factors used for temperature
interpolation.

Next, the storage above LC is allocated for the cross-section table using different
strategies for matersial and group ordering, as described in the preceding section.
The maximum numbers of materials, orders, and groups that caa fit into memory
at one time are NMMAX, NLMAX, and NGMAX. The parameters INLO, INHI, ILLO, ILHI,
JGLO, and JGHI are used throughout the code to decide which materials, orders,
and groups get luaded into the accumulating cross-section array.
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2. Main Processing Loop The code is now ready to begin a pass through
the MATXS library accurnulating the appropriate cross sections into the transport
table. This ia done by calling subroatine RMATXS. When the subroutine retusns
control te the TRANSX level, the accumulated cross sections for the current range
of raterials or groups are ready to be printed out or written tc the desired output
file.

All the material-ordered output options are given first inside a loop over output
mix and order (IMLO to IMHI, ILLO to ILHI). The transport table in memory is
stored starting at LC as if it were an array C(position, order, material, group).
The “order” and “material” indices are often collapsed into the single variable J¥,
which takes on NIJN=NLMAXeNMMAX values. The logic required to extract data from
the table is clear from the coding for printed output. The CARD, CLAW, FIDO,
and ANISN output options use simple subroutines to generate the appropriate
output, The design of the WISOT routine is described in Section IV-G. Note that
TRANSX reacts to the specific edit names defined for ISOTXS (e.g.. SNGAN, SFIS,
SN2, elc.) only. The pointers LLSFIS, LLSN2X, etc., tell where the corresponding
cross sections are located in TRANSX memory. The scattering blocks are written
using the same fixed size for all materials; no attempt is made to squeeze out
additional zeroes. On the printed listing, the numbers are arranged as ¥12 columns.
A programmer can easily change N12 to make the outpuil look good ou either a
terminal or a line printer.

The group-ordered output options are produced next inside a loop over the
range of groups in memory (JGLO to JGHI). Only printed and GOXS outputs are
provided for group ordering, but other output options could be added at this
point. The tables in memory have the form C(position, order, matesial, group)
starting at LC. The logic needed to write the tables is fairly clear from the coding
for printed output. The GOXS output routine WGOXS writes out all the response
edits specified in the TRANSX input, but they are reordered so that the first four
vectors are always guu, 0,, 70, and x. The transport cross section for diffusion
TRD is written next if available. The scattering matrix is packed to minimize the
number of zeroes written to the output file.

After completing the output for this range of materials, orders, and groups,
TRANSX loops back to process the next set until all the requested tables have
been produced. Final messages are printed (including the list of materials not
found from LNCHK), files are closed, and the job terminates.
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3. Reading the MATXS file When the RMATXS routine is entered, the ac-
cumulation arrays are zeroed, and the material loop is begun. The code checks
whether each material on the MATXS library is needed; if not, it skips it en-
tirely. The LOCM array and the random access capabilities of REED make this fairly
efficient.

The MATXS material control record is read in to memory at pointer L2, and
a new pointer L3 is defined. Note that the material control data stays in memory
while this material is being processed. A loop over all the submaterials for this
material is executed; that is, a loop over data type, temperature, and background
0o. The first submaterial in each data type is called the “bagse material.” By
scanning up from each base material, the list of NTEMP temperatures TYEMP for
this data type is obtained. On subsequent steps of the loop, the current type,
temperature, and background cross section are extracted (ITYPE, THAT, SHAT). Al
background cross sections except infinity (1.E10) are skipped in RMATXS because
the self-shielding calculation has alrcady been performed in SIGZER.

With the data type identified, the values that depend on data type are assigned.
These values include the identity of the input particle and the number of input
groups (JINP, NING), the identity of the the output particle and the number of
output groups (JOUTP, NOUTG), and the offsets for shifting the data block in a
coupled set (JC1, JC2).

With the temperature identified, the appropriate interpolation weight for this
submaterial is computed. This version of TRANSX limits iiself to linear interpola-
tion. Because each materizl may occur in several different mixtures or regions, the
interpolation weights are stored in an asray TERPT versus mix specification index
INX. If this particular submaterial does not contribute to any mix or region, the
parameter ITERPT has the value zero, and the entire submaterial can be skipped.
Otherwise, the submaterial is processed by starting the code segraent with the
comment “PROCESS THIS SUBMATERIAL."

The vector reactions are processed first. The MATXS vector control record is
read into memory at pointer L3, and a new pointer L4 is defir-ed for the blocks
of vector cross-section data. The g neral procedure is to loop over the complete
set of reactions needed for the transport tables and edits. For each group, the
selected cross sections are multiplied by TERPT and/or density and added into the
appropriate storage location. If necessary, self-shielded cross scctions from the ¥SS
scratch file are substituted for the cross sections from the MATXS vector block.
The additional factor RVF is used to correct constituent cross sections for the
deiinition of the density used ¢ input; they can be either cell densities or region
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densities. See the block of coding after “GET GROUP CROSS SECTION.” The
model weight functions in the cross-section block are treated specially. The data

for each particle are read into the ¥IN array using the offset JC1, and the WTREAD

flag is set.

If an clastic scattering cotrection has been requested (INITF<O), the expansion
coefficients representing the smoothed fine-group flux are computed (X1, X2, X3)
and used to compute the value and slope of the the smoothed flux at the bottom of
cach group. The coefficients used later for the removal corrections sre stored in the
array ESCC. If self-shielded cross sections were prepared in SIGZER, an appropriate
self-shielded model flux has already been prepared. If there is no flux input file,
the FFLUX and CFLUX values are ccmputed using the model weight functions.

Note tkat only the base submaterial is processed for self-shielded reactions in
the non-thermal range oecause the self-shielded croes section already includes he
cffects of temperature. All submaterials for these reactions are processed in the
thermal range. All submaterials for non-shielded materials are also processed.
This allows the temperature effects to be incorporated by using the TERPT factors.

The block of coding that loads the o,, 0., aad #,., positions is especially
complex because of the transport correctio:. options defined by Eqs. (7) through
(13). The Po total is put into the o, position, and the correction defined by
Eq. (21) is subtracted later while the scattering matrices are being processed.
The contributions of the Py and P, total crow« zections to the total and in-group
positions are made here alz0, and the matrix coatributions needed for the transport
correction, if any, are added later.

The block of coding after the comment “FISSION CROSS SECTION” only
comes into play for data that have not been self-shielded (normally the thermal
data type). The variable FF1S thus includ>s the effect of temperature on bery.

The transport cross section for diffusion (TRD) is calculated next. The P,
total is added in here {or P if P; is not available), and the total Py scattering
cross section is computed and subtracted later during matrix processing.

The thermal correction to the total croes section was described in Section II-J.
Nole that both the absorption and total positions are involved; if the reaction
is elastic, the cross section is subteacted, and if the reaction is the coherent o1
incoherent one specified in the mix specifications, the croes secticn is added.

The fina! block of coding in the material loop adds in any contributions to
the edit positions using the multiply-and-accumulate algosithm, which allows any
linear combination to be calculated.



After the material loop is complete, the scratch cross sections are saved. These
are quantitics characteristic of this particular submaterial that will be needed later
in the vector loop for processing the scattering matrices, or for calculating steady-
state fission. SFIS and SGAM contain the infinitely dilute fission and capture cross
sections used in computing v and the shielding factors for photon production. The
scratch data DNU and DCHI arc the delayed-neutron yield and spectrum, respec-
tively. Finally, GAMMA is 7, used in the elastic scattering correction defined by
Eq. (38).

The reaction looj is continued until all the required vector reactions for this
submaterial have been processed. Then the loop over the matrix reactions is
started. Each matrix block (reaction) can be divided up into a number of sub-
blocks. A subblock may be part of the main matrix, in which case it contains data
for a range of final groups JL to JU that contains fewer thun MAXY words. Or it may
be a constant spectrum or production cross-section subblock. The coding aflter the
comment “SCATTERING SUB BLOCKS"” handles this loop over subblocks.

If the current submaterial is needed for one of the accumulating mixes, the
code sets up a loop over final energy groap (sink group), initial energy group
(source group), and Legendre order. The group-to-group csoss sections XSKOW for
each order may coitain a matrix part and/or a part computed from the constant
spectrum and production vectors. If the reaction is elastic scattering, it may be
replaced by a self-shielded cross section. Next, the thermal correction is made,
if desired (the elastic scattering at low energies is replaced by t .e appropriate
incoherent and coherent thermal scattering). The resuiting group-to-group cross
section is multiplied by the appropriate factor from TERPT to affect temperature
interpolation, and, optionally, an elastic removal correction factor is applied.

Following the comment “GET TRANSFER CROSS SECTION,” this final ini-
croscopic cross scction XSNOW is converted to a rsacroscopic csoss section (note the
correction for cell or region densities implicit in the factor RVF) and muitiplied by
the flux ratios nceded for collapse and homogenization. In addition, the neutron-
phocon matrices for capture and fission are self-shielded using the data in the FGAN
and FFIS arrays.

Separate blocks of coding are provided to accumulate the transport matrix
with truncation of the table, if necessary, to compute a photon source in the edit
positions (GAM option), to finish the calculation of the particle-balance absorption
0, and to complete the transport cross sertion for diffusion. In the block labeled
“FISSION VECTORS,” the fission matrix is multiplied by the Nux and summed
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over source group: to get the prompt past of the numerator in Eq. (19). The same
term is added to the array in CHORM to be used to normalize x later.

The last step in the reaction loop adds the prompt component of fission into
" microscopic boy in PNU. When the reuction loop finishes, the data in PNU are
nr:- ~ntly converted to & by dividing by o, which was saved at L5FIS during the
vtoo0 ‘e of the vector cross sections.

Aftc  the end of the submaterial loop, all of the eflects of self-shielding and

te an.ra,ure have been iacluded in the cross sections. The contributions from

« 1vuarial to the prompt or steady-state va.ues of /oy are then added into

tL.- tras- port table. Any delayed contributions to CNORM, the denominator of the
¢ spresv-on for x, are also added in here.

Fais process is continued until all materials have been processed. The fission
. is ¥ 'n normalized nsing the data in CNORM. In addition, the particle-balance
abscr “i10n in the transport tabie is compared with the directly-computed value in
AB27. If the value in ABSC is small with respect to the transport cross section but
sull will have a large effect on o,, it is used to replace the previous value of o,.
The tables are now ccmplete for the ranges of mixes, orders, and groups currently
allowed in memory. RMATXS rcturns to TRANSX, so they can be printed and/or
written onto the requested output interface file.

4. Self-Shielded Cross Sections The effects of self-shielding are computed
in subroutine SIGZER, and $he resulting self-shi 'Jed cross sections are written out
onto the scratch file NSS. In order to allow for possible storage limitations, the
calculation is done by “pages” of MAXGRP groups (see JGLO and JGHI). The input
MATXS file is read once for each page of groups.

The file data is already in place at pointer L1, and each pass starts by looping
over all the “real” materials needed from the MATXS library. The procedure is
similar to the one used in subroutine AMATXS, except that only the total, elas-
tic, capturs, fission, and elastic downscatter cross sections are extracted. They
are all stored in the array SIGS(ISIGZ,IX,INX,IG), whese the indices refer to the
background ao, the reaction type, the mix specification, and the group index, re-
spectively. Each cross section is interpolated to the temperature appropriate to
IMX before being stored in SIGS. The code allows for up to 20 elastic scattering
clements. For a P4 set, this corresponds to the in-group elemest and 4 downscatter
terms.



Once all the cross sections for this range of groups have been read in, the oo
values can be computed by iteration. The code begins a loop over all the “real”
materials in the mix specifications. The current material INX lies in region IRG,
which determines the heterogeneity parameters to be used. The oy values for
each group is compute. in two parts. First, t1. inixture part is computed using
Eq. (25), wherc the sum runs over all the other materials in IRG. The code then
begins to calculate the escape part of ogo.

For IHET=1, the simple result of Eq. (26) is used with an effective mean chord
specified by the user.

For lattices of cylinders (IHET=2 through 4), a macroscopic cross section ho-
mogenized over the two regions outside the fuel is required. Because the fuel is in
the first region, the locp sums the macroscopic cross section times volume for the
next two regions, obtaining the desired average in SHOD. The rest of the calculation
of the escape cross section is straightforward.

For the slab options (IHET=5 through 8), the sweep through te ccll starts from
IRG and moves to the right, summing the product of the macroscopic total cross
scction for each region titnes the thickness of the region. The sweep continues until
a region containing the current material or the edge of the cell is reached. if the
edge of the cell is reached, the sweep either juraps to the other end of the ceil and
continues to the right (periodic cells) or reverses direction and sweeps back to the
left (reflective cells). When a region containing the current materials is reached,
the code repeats the entise process sweeping to the left. The final results are XXA
and XXL, which can be used for Ag and Az in Eqs. (33) or (34). Note that regions
at periodic boundaries have their full thickness, but only half the thickness is given
for regions lying on reflection planes. The calculation of the escape cross section
can now be completed using Eq. (35).

Finally, the escape part is added into g, the new (g i# checked against the
previous value, and the loop over materials and groups is continued. If convergence
to within EPSZ has been achieved for all groups and materials, 180X will be one,
and the loops will terminate.

The final steps after convergence are to print out the table of computed oo
values by material and group for this range of groups, to write out the results to
the scratch file, ard to continue the loop over pages of groupe.
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E. Error Messages

The error messages written by TRANSX are listed below along with an analysis
of the problem and recommended corrections.

FULL TABLE REQUIRED FOR COUPLED SETS

It doesn"t make sense to truncate a coupled set by giving a table length less
than 3+NED+NGROUP because this would remove parts of the n-gamina block.
Increase the table length requested.

REGION INPUT ERROR

The region temperature has an unreasonable value. Check your input. This
kind of thing can result from a missing /" on a previous card.

NIX INPUT ERROR

Either INIX or IREG has an unreasonable value. Check your input. Once
again, there may be a missing tersiinator on a previous card.

NO CONSTITUENT CROSS SECTION MATCH

The code is unable to find a constituent cross section with the given material
name in the given region. Check your input.

INCONSISTENT COLLAPSE

The number of fine groups found by adding up the NGROUP values given in
the collapse specification (input card 10) must be equal to the number of
finc groups entered in 1COLL on input card 2.

INCONSISTENT FLUZ FILE

This message usually means that the group structure on the flux fi.e does
not agree with the structure irnplied by the TRANSX input file. It may also
mean that this is a three-dimensional flux file.

INCONSISTENT GR.UP STRUCTURE

The numbsz of groups found on the input library for the various particles
are not conristent with the input quintities NGROUP and MFINE. Sometimes
this means “hat the wrong MATXS library was mounted. Otherwise, check
the values of the parametes, rspecially for complex coupled sets.

STORAGE EXCEEDED FOR LSS

There is not enough storage availa)le for the self-shielding calculation. Either
reduce the number of mix specifications and/or the number »f groups, or
increase the size of the main container array. The instruztions on how to do
this are given at the beginnirg of this section. .

INSUFFICIENT STORAGE FOR MATERIAL ORDERED FORM

This message means that not even one Legendre order of cne material can
fit in the available storage. Either change to group o:dering (which is more
appropriate for very large group structures), or increass the size of the main
container array. See above.



INSUFFICIENT STORAGE FOR GROUP ORDERED FORM

This message is unlikely considering the small amount of memory required
to process a single group. It means that too much storage was consumed in

flux atrays and scratch arrays. The only recourse is to incrense the size of
the main container array. See above.

ILLEGAL FORNM
The IFORM variable can only take on the values 1 and 2. Any other value is
illegal.

TEMPERATURE OR SICMA ZERO MISMATCHED

This message comes from SIGZER. It results from trying to match the T and
0g values for one submaterial with the list of possible T and og values for all
the submaterials in the material. It should not occus.

SEEK--BAD OPTION hname nop

This version of SEEK does not handle “nop” values of 4 and 5, nop values
outside the normal range 0-7, or the “change” option. This error should not
occur for TRANSX.

SEEX--FILE DOES NOT EXIST hname

For the “read seek™ option, the file “hname” must already exist in your local
file space.

SEEK--N0 UNITS AVAILABLE hname

Seek assigns unit numbers between 10 and 19. This erros means that more
than 10 units are open. It should not occur for TRANSX.
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VI11. Using BBC

BBC is a utility code for maintaining MAT XS libraries. It can be used to
convert them back and forth between binary and BCD (i.e., formatted) modes, to
selectively list the contents of a library, or to construct an index to the materials
and reactionson a library. It can also be used to mod.fy a MATXS library in several
ways. It can select a subs2t of the materials from a library in order to make a new
smaller library (smaller libraries run faster with TRANSX). The select option could
also be used to list the cross sections for a particular material, if desired. BBC can
insert new materials into a library or delete old materials. The select and insert
capzbilities can be used together to combine the informatiorn from two MATXS
libraries. Finally, BBC can edit the MATXS version number, user identification,

and file identification information.

A. BBX Input Instructions

The input instructions follow. They were copied from the comment cards near
the start of the BBC source file.

-=-~18PUT

CARD 1
118P7 1EPUT ILE TYPR
3 BIFARY (NANE = NATAS)
-1 CODED (BANE = TEXIT)
100TY OUTIUT FILE TYPS
0 703
1 BINARY (BANE = NATIS OR NODOUT)
-1 CODED (NANE = TEXIT OR NODOUT)
INODF NODIFY FLAG
0 NO MODIFICATIONS (DEVAULT)
1 RKODIFICATIONS GCIVEN

LISTY L1ST OPTIOB

0 BOT LISTED

$ LISTED (DEFAULT)
152 ISDEXI3C OPTION

9 NOT INDEIRD
3 ISDEXED (OEFAULT)
CARD 2 (LIST.NR.O OBLY)

I RECORD TYPE PRIBT FLAGS.
FILE IDZSTIFICATION
FILE CONTROL
SET BOLLERITE IDESTIFICATION
FILE DATA
GROUP STRUCTURS
NATERIAL COSTROL
VECTOR CONTROL

NOAONSeWLL-



8 VECTOR BLOCK
® SCATTERING RATRIX CONTAOL
10 SCATTERING SUB-BLOCK
OSE VALUB FOR EACH RECORD TYPE
0 NOT PAINTED, i PAINTED.
"~ CARD 3  (INODF.NE.O ONLY)
HOPER NODIFY OPTION
S SELECT RATEAIALS FROXN NATIS INPUT FiILZ
I IBSEAT MATEATLLS FRON NODINP FILE
ENAT1 FIRST KATERIAL IN RANGE
IBAT2 LAST MATERIAL (DRFPAULTSENAT!)

REPEAT CARD 3 UNTIL 4 BLANK LINE IS READ

CARD 4 (INODF.NE.O ONLY)
BEWVER BBV FILE YSRSION BUNBER
BUSER BEV USER ID STRING (UP TO 16 CEARS)

CARD 5 (I1KODF.¥K.O ONLY)
BLINR LISE OF BEV NOLLERITE ID DATA (72 CHNAR NAX)

AEPEAY LINZ 6§ FOR RACS LINE OF TEE NEV BOLLERITS
DATA ALOCK. TERNIBATE VITE AN ENPTY LIBE. 17 NO
LINES ARE READ, TEE ORIGIVAL BLOCK IS UNCRANGED.

Because binary libraries cannot normally be moved between different computer
systems, the MATXS file specification includes formatted version of each different
record type (See Appendix B. Therefore, BBC includes the capability to convert
files back and forth between BCD and binary modes. The simplest input to go
fromn binary to BCD wonld be

t -1 0 0 O

and to go from BCD to binasy,

‘The binary unit (input or outnut) is always called “NMATXS", and the BCD unit
(input or output} is always called “TEXT.” It is often useful to make a pastial
listing and an index at the same time as a binary to BCD conversion. This can be
done using

1 -1 0 1 1
1 18 v 1 3/

The partial listing on the file named OUTPUT will contain only the first five records
of the MATXS libracy, namely, file identification through group structures. The
index listing will appear on the file named 1NDEX.
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The cost of running TRANSX can be reduced substantially by prepasing a
condensed version of a MATXS library that contsins only tle materials of interest.
For example, a special librazy to run the TRX benchmark calculations could be
prepared using the following input:

1 1 00
By/

ose/

AL27
U235/
v23e/

N e

112 *T2LABL BBCe/
eSHOATENED VZRSION OF NATIS12¢/
sFOR 7RI BENCENARK CALCULATINNSe/

/

The original library should be MATXS12 with its name switched to MATXS. The
version number is changed to 112, so it would be convenient to change the name

of the MODOUT file to MATXS112.

When it becomes necessary to update an isotope on an existing MATXS library
or toinsert a new isotope into the library, it is inconvenient and expensive to repeat
the eatire process of preparing the library using the MATXSR module of NJOY.
An alternative approach is to prepare a small MATXS library containing only the
new material, and then to add it to the litcary. Assuming that the MATXS10
library hzs been copied 0 the file KATXS, and that a new version of the !B data
is on unit NODINP, you run BBC using the following input:

1 £ 0 0 1

S B! 810

I 81t/

S CBAT ES283 /
10 oT2LASL 38Ce/
/

Note that ' B is replaced and that the original version number and Hollerith
descriptive text are used for the new library. The output file KODOUT should then
be switched to MATXS10 and used to replace the previous version.

B. BBC Error Messages

The error messages than can result when running BBC are listed below along
with recommended actions.



INPUT WUST BE BINARY FOR MODIFICATIONS

Because modifications can Lo cpecified du aiy aedas vt jo /2 bssmpy e b
nary files for both MATXS and ISODINP. The randoiy o2 :'*:u/,}jtw o]
REED can then te used to jump to the decized matenials. Existicyg i 7'D filos
can be converted to binary using s« ~arate BH7 rina bef..re the mod-fics: =
run is made.

TOO MANY MATERIALS, CHANGE NUCS
Several arrays that depend on the number «f matezmpds.av: i gees: wd hy
NUCS. If more materials are needed, this pumber caz e .. 1. a0ed by Log
NUCS=200 in the parameier statement it the start of IH¢",

TOO MANY VECTORS, CHANGE NVEC
Several arrays that depend on the number of react: .. + .iedip w4
by NVEC. If more names are needed, thi« number cat.. - -+ .ared by - .uging
NVEU=150 in the paramneter statemeat at tha stas: i st

SZEK--BAD OPTION hname nop -
This version of SEEK does not handle “mop™ valm:»nf 4 zud 5, nop values
outside the normal srange 0-7, or the “change” cptsiza. This error should not
occur for BBC.

SEEK--FILE DOES NOT EXIST hname
For the “read seek” option, the file "Aname™ must.alrendy exist in your local
file space.

SEEX--NO UNITS AVAILABLE hname

Seek assigns unit num’ers between 10 ami. 19. This esror means thut more
than 10 units are opeu. It should not comr-for BBC.
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Appendix A. SAMPLE OUTPUT LISTINGS

This appendix shows portions of the output listing from Sample Problem 1,
the “CARDS" output (rom Saniple Problem 1, the output listing from Sample
Problem 2, and the “FIDO" output from Sample Problem 3. The parts that were
removed are indicated with ellipses.

Sample Problem 1

TRANSX VERS. 2.0 (2 JAF %2)
TRABSPORT CROSS SECTIOSS RAB ON 01/22/92
FROR NATIS LIBRARIES AT 14:52:06
TITLR

TEST 1 -~ RATERIAL ORADERFD TASBLES

OPTIONS
IPRIBT 0 (OsLONG/31sSEOART)
10UT t  (O=NONE/1=CARD/22CLAV/3F1D0/4=48188/62C0%XS/621S0TIS)
IPROS 0 (O=DIRECT/124DJO:NT)
ISET t  (1=NE/2sGG/3=COUPLED)
IFORN 1 (1sMATVISE/2:CROUPVISE)
ITINE 1 (1=STRADY-STATE/2sPRONPT)
IDECAY 0 (RESERAVED)
1TRC 3  (UsEO TRANSPORT CORR/1sCOSS.P/2eDIAG/3=B-8-3/4218FLON)
ICOLL 0 (0=¥0 COL’.3P32/W?15R=CULLAPSE)
181TF 0  (O=LIBRLRY "LUR/3$sPO CARDS/2eRTFLUL/3sRINFLX/FEG FOR KSC)
PARANETERS
BGROUP 30 GROUPS
5L 2 TaBLES
BTABL 34 POSITIONS IN TABLE
wr 0 UP SCATTER GRU“PS
STEG 0 BUNBER OF THEANAL GROUPS
nIx 3 NIIES OR RATERIALS
JREC 1 REGIONS
BAIXS 6 NIXITUAE :PECIFICATIONS
] 0] $ EXITRA EDIT POSITIONS
SIS 3 EDIT SPECI7ICATIONS
NIX BAFES
1 CARBOS
2 TUNGST
3 U-23%

S



REGIOS TENP{K) SIZE NLTEROGRBIETY
1 3.000£+02 1.000£+00 0
SPEC MIX REC NUCLIDE DENSI™Y TRIBNAL NATRIX KOD
1 1 1 CEAT 1.000E+00
3 2 1 wis2 2.6302-01
3 2 1 w8 1.430E-01
4 2 1 vise 3.0708-01
8 2 t Vvise 2.860Z-013
e 3 1 V23 1.0008¢60
EDIT NANES
1 REsT

1 BEAT 1.602E-19

I8PUT NATIS FILE
FILE ID NATIS T2LANLJIOY VERS 10
30X12 L IBRARY PACH ENDP/B-VI, JAR 1992

NATERIAL-ORDERED CROSS SECTION TABLES
VORDS AVAILABLE FOR TABLE = 6120
BUNBER OF OUTPUT NIZTURES PER PASS = 3
SUNBER OF LEGENDAE OADERS PER PASS = 2

FINE FLUX FOR REGION § SUN 3.43608+07
3.723E+03 T7.3928¢04 1.908E+04 1.4108+04 2.312B+G4 4.396K+04 ...
5.408E+05 1.176E«08 3.031E¢06 7.341K+05 §5.809E+05 1.1668+06 ...
1.155E+06 1.1542¢06 1.385E¢06 1.184E+00 1.466K+00 1.1668906 ...

oe CARBOE PO 2

POSITION CROUP i GKOUP 2 GROUP 3 GROUP 4 ...
3 REAT 4.840E-33 4.141E-13 3.720E-32 2.848K-1)
2 ABS 6.273E-02 6.843Kk-02 §.803Kk-02 9.783£-02
4 TOTAL 9.122E-03 §.808E-03 9©.027E-0: 8.613%-01
& IBGR? 5.0622-02 6.846E-02 1.131Z-03 1.253L-0%
6 0.CO00E+*00 2.610E-01 1.8085-G% 2.337%-01
7 0.000E+00 0.000K+00 8.684K-02 1.39562-01
8 0.000E+00 0.000E+00 0.0008¢00 1.201E-0%
J 0.000E+00 0.000E¢00 0.000K¢00 0.000E+00

10 0.0002¢00 0.0008400 0.000E+00 0.000K¢00
11 0.000E¢00 0.000E+00 0.0008400 0.000K+00



©.000E: "0
0.000K+00

o CARBON P1 ve

POSITION GROUP 8
5 IBGRP -3.508E-03

e 0.000E+00

I 4 0.000K¢«00
8 0.000E+00

9 0.000R+00
10 0.000K+00
11 0.000K+00
12 0.0002+00
13 0.0008+00

ee TUNGST PO oo

POSITION
3 BEAT
2 ABS
4 TCTAL
5 IEGRP

- oo wNe

GhOUP 8

7.722E-14

-2.3308+00

2.778E+00
4.152%-01
0.0008+00
0.000E+00
0.000E+00
0.0008+00
0.0008+00
0.000K+00

TRANSE CONPLETE

0.000R¢00 0.000K+00
0.000EB+00 0.000K¢00
CGROUP 2 CGROUP 3
1.6098-02 6.007E-02
1.6358-0" 1.1222-01
0.000R+00 -1.0728B-02
0.000E+00 0.0C0L+00
0.000B¢00 0.000E+00
0.0002+00 0.000R+00
0.000K+00 0.000E+00
0.0008+00 0.000E+00
0.000R+00 0.0002+00
CGROUP 2 CGROLP 3
0.365E-14 B5.7%0E-14
«2.016E+00 ~1.998E+00
2.8882:00 2.9828+00
5.8768-01 7.020E-01%
9.6122-02 S$.632E-02
0.0002+00 2.114K-02
0.0008+00 0.000E¢00
0.0008¢00 0.000E¢+00
0.000K¢00 0.000K+00
0.000K+00 0.0008+00

0.000K+00
0.000K+0V

4.900K-02
3.602E-02
-56.070R-02
3.419E-02
0.000E+00
0.0008+00
0.000E¢00
0.000K+00
0.0008+00

5.208k-14
-1.6680E+00
3.139E¢00
2.625E-01
6.523K-02
3.3072-02
6.000E-02
0.0008¢00
0.000K+00
©0.0008¢00

e ¥ 22 )

Sample CARD Output

CARBOF PO 34X 30 TabBLE
4.64046R-13 6.272892-02 0.00000K+00 9.122038~03 6.061728-02 0.000008+00
0.000COE+00 0.00000£+00 0.00000E+00 0.00000E+00 0.00000K+00 0.00000L+00
0.00000E+00 0.00000£+00 0.00000E+00 0.00000£+00 0.000002+00 0.000008+00
0.00000E+00 0.000002+0C 0.00000K¢00 0.00000£¢+00 0.000008900 0.00000E+00
0.00000E2+00 0.000G0Z+00 O.00000E+00 0.000008¢00 0.000C0R+00 0.000008+00
0.00000E+00 0.000008+0C 0.000003400 0.GO000K+00 4.141458-13 6.843202-02
0.000068+00 8.807732-01 6.846838-02 2.610008~-01 0.000008+00 0.00000K+00
0.000008+00 0.000008¢00 0.00000E+00 0.000008+00 O.000008400 0.00000E+00
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.0C000E+00 O0.00000E+00 0.00000E+30 0.00000K+00 0.00000E+00 O.00000E+00
.00000E+00 0.00000E+00 0.00000E+00 0.00000K+00 0.000008+00 0.00000E+00
.00000Z¢00 0.00000E+00 0.000008+00 0.00000E+d0 0.00000E+00 0.00000E+00
00000E+00 0.00000E+00 3.71960K-13 8.89208R-92 0.00000E+00 9.02727E-01
.13132E-01 3.695613E-01 8.68378E-02 0.00000E+00 0.00000E+00 0.00000E*00
.000002+00 0.(00002¢+00 0.000008+00 0.000008+00 0 0OCOOE+00 0.00000E+00
.00000E+*00 0.00000E*00 0.0000IE+00 0.00000E+00 C.00000E+00 0.00000E+00
.00000E+00 0.00000E+00 0.000C0E+00 9.000008+00 0.00000K+00 0.00000E+00
.00000E+00 0.00000E+00 0.00000E+00 0.000008+00 0.00000K+00 0.00000E+00
.64774E-13 0.78266E-02 0.00000E+00 8.61281E-01 1.26263E-03 2.33726E-01
.39456E-01 1.20101E-08 0.000008+00 0.00000E+00 0.00000K+00 0.00000E¢20
.00000E+00 0.000008¢00 0.00000K+00 0.70000K+00 0.00000K+00 0.00000K+00
.00000E+00 0.00000E+00 0.000008+00 0.000008+00 0.00000E+GC 0.00000E+00
.00000E+00 O.00000E+CO 0.000008+00 N.00000E+00 0.00000K+0v 0.00000E+00
0.00000E+00 0.00000E+00 0.000008+00 0.000008+00 2.12741K-13 1.40423E-0%
0.00000E8+00 9.23660E-01 9.46104E-02 2.173098-03 1.53811K-01 1.26440L-0%
5.06288E-02 0.00000E+00 0.000008+00 0.000008+00 0.00000K+00 0.00000E+00
0.0000JE+00 0.00000E¢00 0.00000E+00 0.00000E+00 O.C0000E+00 0.00000E+09

OO0 O NOOOO»~00O0O0

CARBON P1 34X 30 TABLE

0.00000E+00 0.00000E+00 0.00000K+00 0.0N000K+00-3.569481%-03 0.00000L+00
0.00000E+00 0.00000E+00 0.00000E+00 0.C20008+00 O.00000E+00 0.00000L+»00
0.00000E+00 0.000008¢+00 0.00000K¢00 0.0MUOOE*N0 0.00000E+00 0.00G00E¢00
0.00000E+00 G.00000E+00 0.00000E¢CO 0.C0000£¢00 0.00000£+00 0.00000K¢00
0.00000E+00 0.00000E+00 0.0C000E+00 0.00000E+00 0.000008+00 0.00000L+00
0.00000E+00 0.00000E900 0,00000E+00 0.0G000E+00 0.00000K+00 0.00000K+00
0.0C000E+00 0.00000E¢00 1.SO0856E-02 1.68473E-01 0.000008+00 0.00000L+00
0.00000E+00 0.00000E+00 O.C0000E+00 0.COO00E+00 0.00000K+00 0.00000L+00
0.00000E+00 0.00000E+00 O.00000£+00 0.00000Z+00 0.00000E+00 0.00000£+00
0.00000E+00 0.00000E+00 0,00000K+00 0.000002+00 0.00000K+00 0.00000E£¢+00
0.00000E+00 0.00000Z+00 0.00000K+00 0.00000E+00 0.000C0E+00 0.00000K+00
0.00000E+00 0.00000E+00 0.00000K+00 0.000008+00 O.0C000K+00 O.00000K+00
5.007428-02 1.32206E-01-1.072488-02 0.00000L+00 0.000008+00 0.00000£¢00
0.00000Z+00 0.00000E¢00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000£+00
0.00000E°00 0.00000E+00 0.00000K+C0 0,000008+00 0.000008+00 0.00000E+00

TUBGST PO 34X 30 TASLE

7.72240E-14-2.338292+00 0.00000E+00 2.77838E2+00 4.351508-01 0.000200K¢00
0.00000£+0C 0.00000E+00 0.00000Z+00 0.00000E+00 C,.00000K+00 0.00000E+00
0.00000E+00 0.000002+00 0.00000E+00 0.000002+00 0.00CG00E+00 0.00020K¢00
0.0000CE+00 0,00000Z+00 0.00000E+00 0.00000L+00 0.000C0Z+02 0.00000K+00
0.00000L+00 0.0C000E+00 0.00000K+00 0.0000CE+00 0.00000£+00 0.00200K+00
0.0GO00E+00 0.00000E+00 0.00000E+00 0.00000K+00 6.394055-14-2.015848+00
0.000C0L+00 2.88828E¢00 5.8756638-01 0.61361L-02 0.0C000L+00 0.00000K+00
0.000302+00 0.0C00002+00 0.00000L+00 0.020008+400 0.0CL00E+00 0.00000K+00
0.00000E+00 9.00000E+00 C.00000Z+00 0.00000%+00 0.000008¢00 0.00000E+00
0.000002+00 0.02000E+00 0.00000K+00 0.000008+00 0.000008¢00 0.20000K+00
0.000C0Z+00 0.00000Z+00 0.000008+00 0.000008+00 0.00000E+00 0.000008+00
0.00000Z+C0 0.00000E+00 5.760408~-14-1.918088¢09 0.0C0008+00 2.90227E+00
7.020008-0% 5.63160E-02 2.113838-02 0.00000%+00 0.00000E+00 0.00000K+00
0.00000E+00 0.00000E¢00 0.00000K+00 0.000008¢00 0.00000K+00 0.00000%+00
0.00000E+00 0.00C00E+00 0.000008¢00 0.00000E+00 0.000008¢00 0.000008¢00
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Sample Preblem 2

The fol.owing selected parts of the output for Sample Problem 2 show the
main differences between group-ordered output and material-ordered output. The
ellipses show where portions of the output have been removed to make it fit on
the page better.

GROUP-ORDERED CRDSS SECTIOB vADLAES

’RDS AVAILABLE FOR TABLE =203238
BUNBER OF GROUPS PER PASS = 30

0!”

os SR0UP 1 oo

POSITION CARBOB PO CARBOW P1  TUNGST PO TUNGST Pi ‘e
1 BEATY 4.840K-13 0.000E+00 7.722K~14 0.000E+00 ...
2 ABS 6.2732-02 0.000K+00 -2.3388+00 0.000K¢00 ...
3 BUSIGF O0.0008%00 O0.000E+00 O0.000K+00 0.000E¢00 ...
4 TOTAL 9.1228-01 0.000K¢00 2.778K+00 0.000%¢00 ...
5 INGRP 6.0528-02 -~3.895E-03 4.152K-0% 1.063E-0% ...

se GROUP o0

POSITION CARBOB PO CARBON PY TUEGST PO  TUNGST P18 .o
1 BEAT 4.141E-13 0.0002+00 ©.398E-34 0.000Z¢00
2 ABS 6.8438-02 0.000K00 -2.016E+00 0.000F+00
3 BUSIGY 0.000K+00 O0.0C0E*00 O0.000B+00 0.050K¢00 ...
4 TOTAL 8.8008E-01 O0.000KE+CO 2.883%¢00 0.000K+CO .
5 IEGRP 5.8468-02 3.5008-02 &65.076E-01 5.9582-03 ..
] 2.610K-01 1.688X-01 9.8128-02 3.083E-02 ..

oo CROVU? oo

POSITICE CARBOB PO CARBOB P! TUBGST PO  TUBGST P .
$ NEAT 3.720E-13 0.000K+00 §.760K-14 0.000E+00 ...
2 ABS 8.883E-02 0.000K+00 -1.918E¢00 0.0028+00 ...
3 BUSIGF 0.000E+00 0.000E¢+00 0.0008+00 0.0008¢00 ...
4 TOTAL 9.0278-01 0.0002000 2.90028+00 1.000%+00 ...
5 1BGRP 1.131£-01 §5.007E-02 7.0298-0% 2.3828-01 ...
6 $.8058-01 1.1228-0%3 §5.6328-02 :.0338-02 ...
7 8.6845-02 ~1.0728~02 2.1148-02 3.049%-03 ...

oo GROUP 4 oo



POSITION CARBON PO CARBOF P3 TUENGST PO  TUNGST P13 .
1 HEAT 2.648E-13 0.000E+00 5.2856E-14 0.000EB+00
2 ABS 9.783Ek-02 0.000E+00 -1.660E+00 0.000E+00
3 JUSIGF  0.000E+00 0.000E+00 ©0.000E+00 0.000E+00
4 TOTAL 8.613£-01 0.000E+00 3.130E+00 O0.000E+00
5 IEGRP 1.263E-01 4.000E-02 $.825E-01 2.986E-01
6 2.3378-03  3.5928-02 6.523E-02 1.406E-02 .
7 1.395E-01 -5.070%-02 3.3078-02 4.807E-03 .
o 1.2031E-01 3.419E-02 §5.000E-02 7.066E-03 .

Sample FIDO Output

This is a portion of the FIDO file procuced by Sample Problem 3. Note the
use of the repeat option (R) to reduce the number of zerns in the fiie. Alsc note

that each s«ction of the table is terminated (T).

AL-27 PO 46X 42 TABLE 0
48632140 -125011-8 000 1370380-6 1351485-741K 0+0 1
478223940 -131070-§ 00  1376950-6 1345360-7 1579228-7 2

40R 0+0 4172908040 -137062-8 0¢0 1381834-6 1905284-7 3
1646107-7  4424404-030R 000 3024017+0 -145317-5 00 4
1372002-6  2143898-7 1436288-7 66186701-8 4020640-838R 0+0 6
16256612+0 -138368-8 040 1347480-6 2446188-7 1603739-7 ]
7063104-8 5850607-8 7196758-837H 000 5759916-1 -322437-8 4

000  1434578-6 3622303-7 2226031-7 8017832-8 7599577-¢ 8
8902142-8 8102238-836R8 040 4084916-1 -8083806-68 0+0 9
1744604-6 8556169-7 4623703-7 1066109-7 1720003-7 1862897-7 10
16868533-7 1343128-736R 040 3420562-%1 -638749-6 0+0 13
2020078-6 1046921-6 J2467068-7 1474077-7 $130573-8 6814702-8 12
8201922-8 78937348 84795846-8344 0  2874872-1 -364922-6 13

000 2313129-6 1489384-6 4769120-7 1361422-7 7847955-8 14
8011077-8 8681245-8 8326775-8 80763120-8 $362688-833R 0+0 16
20660560-1 -307740-6 040 2680220-6 1725468-6 4832583-7 16
1849300-7 86923492 7190167-8 77i4827-6 8330074-8 T7761373-8 17
T7435174-8 94568616-833K 040 2372308-1 -280987-6 040 ie
2720071-8  1886117-6 §327220-7 1461140-7 2712444-8 1036968-7 19
67617456-8 7046503-8 72754C7-8 6538448-8 06289563-8 7994378-8 20
194208-10 773477-10 180386-090 204746-09 341209-09 6106831-09 148
3984604-9 T 149

AL-27 P1 46X 42 TidLE : 0
4R 000 703176552-846R 000 5126079-8 40661935-644R 0+0 )
9478804-8 2160303-8  7284464-943R 000 8420767-8 1164833-8 2
1679947-8 1781045-942R 000 7731200-8 1201786-8 7736120-9 3
ISTTE47-9  T808440-941R 000 1032406-7 3047006-9 4103804-9 4
8116630-0 6614968-9 1430678-9408 G0 3001110-7 8313086-9 5
1238474-86 1287040-8 0070019-9 £048293-9 1102423-839R 0+0 6
4193276-7 3226548-8 2574680-0 4200887-9 5352384-9 5707241-9 7
7621097-0 7063815-938% 000 6207081-7 4131107-8 2615108-9 s

46



-147460-60 3856038-0 6351238-9 6664206-9 01316036-9 4125447-9 9

1187430-8 -258527-640R 00 T ' 66

Complete cutput listings from all the sample problems are available in the
TRANSX 2.0 distribution package.
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Appendix B, MATXS FILE DESCRIPTION

The f.liowing description of the MATXS format uses the standard CCCC form.

It was copied from the comment cards at the start of the MATXSR module of
NJOY 91.0.

Co0000000000000000000000008000000000¢00000000000000000000000000009000040

(!iid}

2883gnagennnan

PROPOSED 09/00/77
(KODIFIED 09/80)

(NONENCLATUARR CEANGED 06/¢°)
(NODIFIED FOR COBST SUB-BLOCKS 06/80)

(ORDERING CHANGED 10/00)

NATIS
NATERIAL CROSS SECT1ON PILE

THIS FILE CONTAINS CROSS SKCTION
VECTORS AED MATRICES FOR ALL
PARTICLES, MATERIALS, AND REACTIOSS;
DELAYED BEUTRON SPECTRA BY TINEK GROUP;
AFD DECAY NEAT AFND PROTORN SPECTAA.

FOANATS GIVES ARL FOR FILE EXCBANCE ONLY

C00000000000000000000000000000000000000030000000000000000000000000000000

c
¢

cont

cs
c3
cs
cs
cs
cs

RECORD TYPE
S2ENSBASSANSSNNSINSRERTRRRI LD
FILE IDEBTIFICATION

FILE COBTROL

SEY BCLLERITE In®81 "« +T}O8
FILE PATA

sceccccvscese(RIPEA’ FOR ALL PARTICLES)

GAJUP STRUCTURES

ssecosssseccs (REPEAT FOR ALL MATERIALS)

NATERIAL COBTAOL

0000000000/ APPRAT FOR ALL SUSAATEAIALS)

VECTOR COSTAOL
®s0sce0se (REPEAT FOR ALL VECTOR SLOCXS)
o VECTOR 31.0CX

00000000

o0cccsoe o (REPEAT FCR ALL MATAIX BLOCKS)

PRESEST IF

PSS AN. TR AUNESS

ALVAYS
ALNAYS
ALUAYS
ALVAYS

ALVAYS

ALVATYS
5108.67.0

331D8.6T.0

U]



CS o900 NATRIX CONTROL . GY.. -
CS o 08 -
CS o o o ecceceo(RRPEAT FOR ALl, SW--NEILRLY -
CS o 000 RATRIX SUB-BLOCR & 1.0 -
cS o 0 ¢ 0000900 -
CcS [ I -
CS o o0 CONSTANT SUB-BLOCK JCONST.CT.0 -
CcS o 0 -
CcSs 0000000000000

c -
c .......................... PP LG e e e cE——— - " @™ PPy
c

C

Co-=mccccecccccccccctaracaacaa - - ~e -

CR FILE IDEBTIFICATION -
Cc -
cL BUANE, (RUSE(I),1=23,%) ,IVERS -
C -
v 1+3eNULT

c -
Cch FOKNAT(45 OV ,A8,38¢,248,1H¢,16) -
C -
<D ANANE NOLLERITE FILE BaANE -~ NATIS -~ (a8) -
¢d BUSE NOLLPRITE USER IDESTIFIATION (a8) -
(%) IVZRS FILE VERSION RUNBER -
()] NULT DOUBLE PRECISION PARANETER -
(o) 1= AS VORD IS SINCLE WORD -
cd 2- AS WORD IS DOUBLE PRECISIOB VOXD -
C -
Ceerevcanvccccncuccocncacanasns e cnmmcanmae
c

c

Crecmmcccccccccccccccccanccca s

1od § FILE CONTROL -
c -
cL BPART BTYPE ,BEOLL ,WNAT ,NAXV,LENGTE -
o4 -
cv ¢ -
[t -
cs FORNAT(4B 31D ,416) -
C -
(o] BFART SUNBER OF PARTICLES FOR VRICE GAOU?P -
cD STRUCTURES ARK CIVES -
ch STYPE SUNBER OF DATA TYPES PRESEST 1§ SET -
(4] §EOLL BUNBER OF VCRDS 1IN ST BOLLIRITE -
<D IDESTIFICATION RECORD -
(o] ENAT SUNBER OF NATERIALS OB FILE -
(o 1] NAZV NALINUR RZCORD SIZE FOR SUB-DBLOCKING -
(1] LENGTE LENGTS OF 7ILE -
c -
C--- - .
(~

c
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388883883890288888583988388888"88~2~aaa~g

SET HOLLERITE IDENTIFICATION

(BSETID(1),I=1,8R0LL)

SREOLLeNVLT

FORNAT(4R 20 ,8A8/(9A8))

ASET1ID BOLLEAITE IDESTIFICATION OF SET (48)
(TO BE EDITED OUT 72 CRARACTERS PER LIEE)

PILE DATA

(BPRT(J),J=1,BPART), (ETYPE(K) ,K=1,BTYPE), (RNATE(1),1=3,NNAT),
1(NCRP(J), =1 ,NPART), (JIFP(K) k=1 STYPE, (JOUTP(K) ,K=1 ,BTIPE),
2(NSUBN(I)1=1 ENAT),(LOCN(1),I=1 UNAT)

(SPARTFTYPE¢NNAT) oRULT +20BTYPE*EPART *2¢ENAT

FORNAT(4E 3D ,840/(948)) BPAT,BTYPE ,NNATE
FORNAT(1216) BGRP, J1NP, JOUTP ,BSUSKE ,LOCN
anr(l) BOLLEAITE IDEETIFICATION FOR PAATICLS J

| SEUTROS

"] GARNA

4 PROTOS

D DEUTEROS

T TAITOS

[ | BE-3 FUCLEVS

A ALPES (BE-4 SUCLEUS)

] BETA

.3 AESIDUAL OR RECOIL

(ERAVIER TEAS ALPBA)

STYPR(K) BULLERITS IDESTIFICATIOS FOR DATA TYPE K

FSCAT SEUTROB SCATTERING

(] SRUTROS ISDUCED GANNA PRODUCTSCS

GSCAT GANN2 SCATTERING

4 ] PROTOS ISDUCED SEVUTRON PRODUCTION

(1] 4 ] OEZLAYED SRUTROS DATA

DKEC DECAY BEAT AND GAXNNA DATA

onp DECAY B8TA DATA

ERATE(I) BOLLERITE IDENTIFICATION FOR NATERIAL I

§eRr(J) SUNSER (OF ESERGY GROUPS FOR PARTICLE J

Jzr(n) TYPR GF INCIDEST PARTICLE ASSOCIATED VITS
DATA TYPE X. YOR DX DATA TYPES, JIWP IS O.
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cD JOUTP(X) TYPE OF OUTGOING PARTICLE ASSOCIATED VITH -

cD DATA TYPE X -

cn ¥sSusn(I) NUNBEX OF SUBNATEAIALS FOR NATERIAL I -

cD LOCN(I) LOCATIUS OF NATERIAL I -

¢ -

c ........................................... PR cocs
(o

¢

c ............ -

(w3 GROUP STRUCTURE -

c -

cL (GP3(1),I=1,3CR) ,ENIN

¢

cc NGR=BGRP()J) -

C -

cv HGRP(J)*2 -

C -

cB FORNAT(48 4D ,1P5E12.5/(6212.8)) -

c -

cD GPB(I) NAXINUN KSERGY BOVED FOR GROUP I FOR PARTICLE J -

(1] ENIN NIBINUN ESERGY ROUSD FOR PARTICLE J -

c -

c ......................... coas cococcanceveeccans
(4

(o

c ---------------------------------- - -e
(o § NATERIAL CONTROL -
c -

cL ENAT,ANASS, (TENP(1),81GZ(3),1TYPR(2),B:D(X),520(1), -

CL  1L0CS(I),I=1,BSUBK) -

c -

cv NULTe1+00BSUBN -

c -

cs FORNAT(4% 6D ,A8,1N¢,1P2E12.6/(2812.6,5616))

c -

cD ENAT EOLLERITE MATERIAL IDENTIFIER -

(4] ANASS ATONIC YEIGHT RATIO -

co TENP ANBIEST TENPERATURE Oh OTEER PARANGZTERS FOR -
cD SUBNATERIAL I -

(1] S162 DILUTION FACTOR OR OTEER PARAKETEA’- FOR -
cD SUBMATEAIAL I -
co I1TYP: DATA TYPL FOR 3UBMATERIAL 2 -
cD 1D SUNBER OF VECTOAS FOR SUPNATERIAL 2 -
co  Fi) SUNBER OF NATRIZ BLOCKS FOR SUBNATEAIAL I -
(] LoCS LOCATIOS OF SUSNATERIAL ? -
c -
c ------------------------------ - r i I 7
c

(4

c -------------- T -

cr YECTOR COSTROL -
c -
cL (BVYPS(1),1=2,81D),(BPG(1), 154, ,91D),(FLG(2),151,81D) -



788888883888~ ggnra-

(NULT+2)eN1D
FORMAT(4R 7D ,848/(948)) §vrs
FORNAT(1218) INLK,B7C,BL0

BVPs(1) BOLLERITR IDESTIFIER OF VECTOA
NELAS NEUTROB ELASTIC SCATTRRING

528 (s,28)
SNF SECOND CNANCE FISS1ON -
GABS GANNA ABSOAPTION -
i ] PROTORS 15, 2 SEUTROES OUT -
¥PG(I) NUNBEM OF FPIAST GROUP IF 8AND FOR VECTOR I
”.G(1) YUNBER OF LAST GROUP IN BASD FOR VECTOR 1
c ........................................................................
c
¢
c- ------------------------------- - - ---.-------“--.--..
SR VECTOA BLOCK -
cL (VYP3(1),1Is8 ,KXNAR) -
c -
cc KNAX=SUN OVER GROUP SAND FOR E4CE VECTOR 1B BLOCK J -
c -
cv Xnax -
c -
cs FORNAT(4% 8D ,1P5£32.5/(6K32.5)) -
C -
(o] VPS(I) DATA FOX GROUP SARDS FOR VECTORS IN SLOCK J. -
0 BLOCK SIZT IS DETERNINED BY TAKING ALL TNEZ GROUP -
o BANDS THAT NAVE A TOTAL LESGTE LESS THAN OR TQUaL -
co 70 NAXV. -
(4 -
c ------------------------- - cocoeemiHICeoeceoconesanes L L AT T * r) - e -
c
¢
c -------------------------------- L L I ]
Ch SCATTERING NATRIX COSTROL
c
cL SNTX,LORD, JCOBSY,
CL  1(JmaND(L),Lu3,80UTG(X)),(1J3(L),Le1,B0UTC(R))
c
cy NULT+#2+2030UTG(X) -
c -
cs PORNAT(4% 90 ,28/(3216)) SNTZ,LORD, JCOBET,
(4 JBASD, 132
c -
c ENTZ ECLLERITE IDENTIFICATION OF SLOCK -
<D LORD SUNBER OF OADERS PAESEST -
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co JCOEST FYNBEZ 07 GROUPS YITE CONSTANT SPECTIUM

cD JBAND{L) BANDVIDTY FOR GROUP L

cD 1J3(L) LOVES2 GROUP IB BAND FOR GROUP L

c

c ..................... o - uD D G5 4D EP D ED & "> - S D S G GNP G P ED AU DU R @D b W DD ED D D D G W AP S RS S
c

4

c ................ R T L LT R Sevccoce caee cnamea
ch 3CATTERTSG SUB-8LICK

c

(42 (SCAT(X) ,K=1 ,XRAX)

c

cc XNAX:LORD TINES TEE Su¥ OVER ALL JBAND IN THE GROUP RANGE OF
cc TAIS SUB-BLCCK

88888883~ 2"g*hq"3

=~
‘-
-

FORMIT(SH 10D ,1PBE12.6/(6L12.5))

KNAR

SCAT(X)

RATRIX DATA GIVEN AS BAFDS OF ELENESTS FUR ISITIAL
GROUPS THAT LEAD TO EACE FINAL GROUP. THE ORDER
OF TRE CLEREETS IS AS FOLLOVS: BAND FOR 20 OF
CROUP 1, BASD FOR P: OF CRUP I, ... , DAND FOR PO
GF GANUP I+1, BAND FOR P3 OF ZROUP let, EIC. TRE
GROUPS Ih CACE BASD ARR GIVEE 1R DRSCENDISC URDER.
THL SI2E OF EACE SUB-BLOCX IS OETERNISED BY TR
TOT4L LZEGTR OF A GROUP OF SANDS TEAT 13 LISS TEAD
OR EQUAL TO NAIV.

1F JCONST.GT.O, THE CGETRIBUTIONS FRON TSE JCOSST
LOV-LNERGY GROUPS ARL GIVEN SEPARATELY.

COESTAST SUB-BLOCK

(SPEC(L) f.23,0OUTG(K) ) ,{PROD(L) ,LeL3,BING(K))

L1sSING(K)-JCOBST+?

BOUTG(K)+JCONST

FORNAT(4B110 ,1P8832.5/(6212.6))

SyEC

PROD

SOANALIZED SPECTRUN OF FINA. FARTICLES FOR ISITIAL

PAATICLES 1B GAOUPS L1 TO B13G(K)
PAOOUCTION CROSS SICTION (E.6., BUeSICY) Foa
IPITIAL GROUPS L? TEROUGE FIFG(K)

TEi3 OPTION IS NOANALLY USED FOR TER ENERGY-INDEPLIDEST
SEUTROF AED PEOTOM SPECTRA FRON PISSION AND RADIATIVE

0 P - D W - S W D WD D D D S D - e - one Seoeome



CAPTURE USUALLY SEEN AT LOV ENERGIES.

Oﬂg
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Appendix C. RTFLUX FILE DESCRIPTION

form. These lines were copied from the CCCC-1V reference.

The following description of the RTFLUX format uses the standard CCCC

(0080030008080 58008808008080080030080008000008000800060058880848095650s509

c
c
CF
CE

REVISED 11/30/76

RTFLUX-IV
REGULAR TOTAL PLUXES

Cros0008000500000000008000508000000300000830008008038000880000838889050004808

FILE IDENTIFICATION

HNAME, (BUSE(I),X=1,2),IVERS

1+3sMULT

BNANE HOLLERITH FILE NAME - RTFLUX - (AK6)
HUSE HOLLLRITH USER IDENTIFICATION (A6)
IVERS FILE VERSION NUMBER

MULT DOUBLE PRECISION PARAMETER

1- A6 VORD IS SINGLE WORD
2~ A6 WORD IS DOUBLE PRECISION WORD

88888888888888°

SPECIFICATIONS (1D RECORD)
¥DIN,EGROUP,NIBTI,NINTJ,NINTK, ITER,EFFK,POVER, ¥BLOK

9=NUMBER OF WORDS

¥DIN NUMBER OF DINENSIONS
NGROLP RUNBER OF ENERGY GROUPS
NINTI NUMBER OF FIRST DIMENSION FIBE HESH INTERVALS
NINTJ NUMBER OF SECCND DIMENSIOR FINE MESH INTERVALS
BINTJ.EQ.1 IF EDIN.EQ.1
BINTK NUKBER OF THIRD DINENSION INTERVALS
BINTK.EQ.1 IF EDINK.LE.2
ITER OUTER ITERATION BUMBER AT VEICE FLUX WAS WRITTEN
EFFX EFFECTIVE MULTIPLICATIOB FACTOR
POVER POVER IN WATTS TO WHICH FLUX IS NORMALIZED
NBLOX DATA BLOCKING FACTOR

IP NDIN.EQ.1, THE GROUP VARIABLE IS BLOCKED
INTO NBLOK BLOCKS (SEE 2D RECORD SELOVW)
IF WDIN.GE.2, THE 2D DIMENSION VARIABLE 1S
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CcD BLOCKED INTO NEBLOK BLOCKS (SEE 3D RECORD) -~

ca ONE DIMENSIONAL REGULAR TOTAL FLUX (2D RECORD) -
cc PRESENT IF NDIN.EQ.1 -
cL ((FREG(X,J),I=1,NINTI), J=JL,JU)---~SEE STRUCTURE BELOW---- -
C¥  MNINTIs(JU-JL+1)=NUMBER OF WORDS -

c DO 1 M=1,NBLOK -
C 1 READ(N) sLIST AS ABOVEe -

cC VITH B AS THE BLOCK INDEX, JL=(X-1)¢((NGROUP-1)/NBLOK+1)+1 -
cC A¥D JU=MINO(NGROUP,JUP) WBERE JUP=Me((NGROUP~1)/NBLOK+1) -

Ccb FREG(I,)) OBE DIMESSIONAL REGULAR TOTAL FLUX -
cD BY IJTERVAL AND GROUP -

[ el L ettt - oo -

o[ SIS, -
CR HULI-DIMENSIONAL REGULAR TOTAL FLUX (3D RECORD) -

cc PRESENT IF NDIN.GE.2 -
CL ((FREG(I,J),I=1,0I¥T1),J)=3L,JVU)~-~~~SEE STRUCTURE BELOW---- -

cv NINTIe(JU-JL+1)=NUMBER OF HORDS -

c -
c DO 1 L=1,NGROUP -
c DO 1 M=1,NINTX -
c DO i M=1,6NBLOK -
C 1 READ(E) sLIST AS ABOVEe -
r -
cc VITH M AS THE BLOCK INDEX, JL=(M-1)e((HINTI-1)/NBLOK¢1)+1 -
cC AND JU=NINO(NINTJ,JUP) ViERE JUPsNe((NINTJ-1)/¥BLOK+1) -
c -
CD  FREG(I,J) MNULTI-DINENSIONAL REGULAR TOTAL FLUX -
cD BY INTERVAL AND GROUP -
c -
c---
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Appendix D. RZFLUX FILE DESCRIPTION

form. These lines were copied from the CCCC-1V reference.

The following description of the RZFLUX format uses the standard CCCC

C888088000000803805300038638580000800000000000808800800000535609800008080809

c
c
CF
CE
c

REVISED 11/30/76

RZFLUX~IV
REGULAR ZONE FLUX BY GROUP, AVERAGED OVER EACH ZOMNE

C0030809950003880000008000000000008008000800000000800888000¢0080008080%¢

Covemrrercconcncmm e —— e ———————— ———
FILE IDENTIFICATION

8688888

HNAME, (KUSE(I),I=1,2),IVERS

1+3sMULT

BNAME
BUSE
IVERS
MULT

HOLLERITH FILE NAME - RZFLUX - (AS8)
HOLLERITE USER IDENTIFICATION (a8)
FILE VERSION NUMBER
DOUBLE PRECISION PARAMETER

1- A6 WORD IS SIMGLE WORD

2- A6 WORD IS DOUBLE PRECISION WORD

SPECIFICATIOFS (1D RECORD)

TINE,POVER,VOL,EFFK,EIVS,DKDS,TEL ,TBA, THSL, THBL, TNBAL ,THCRA,
1(x(1),1=1,3) ,¥BLOK,ITPS,NZONE,NGROUP , NCY

20=NUNMBER OF VORDS

TINE
POWER

voL
EFFX
EIVS
DXDS
TiL
THA
THSL
TESBL
TEBAL
THECRA

REFERENCE REAL TINME, DAYS

POWER LEVEL FOR ACTUAL YEUTRONICS PROBLENM,
WATTS TERMAL

VOLUME OVER VHICH POWER WAS DETERMINED, CC

EFFECTIVE NULTIPLICATION FACTOR

EIGEEVALUE OF SEARCH PROBLEN

DERIVATIVE OF SEARCE PROBLEM

TOTAL BEUTRON LOSSES

TOTAL REUTRON ABSORPTIONS

TOTAL SEUTRON SURFACE LEAKAGE

TOTAL BEUTRON BUCKLING LOSS

TOTAL NEUTRON BLACK ABSORBER LOSS

TOTAL NEUTRON CONTROL ROD ABSORPTIONS
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cD X(1),X=1,3 RESERVED -
CD EBLOK DATA BLOCKING FACTOR. THE GEOMETRIC ZONE -
D VARIABLE IS BLOCKED Iy'TO NBLOK BLOCKS. -
cD ITPS ITERATIVE PROCESS STATE -
o)) =0, N0 ITERATIONS DCNE -
¢D =1, CONVERGENCE SATISFYED -
cD =2, NOT CONVERGED, BUT CONVERGING -
D : =3, BOT CCEVERGED, BOT CONVERCING -
cD NZ0NE NUMBER OF GECMETRIC Z0NES -
(%] EGROUP EUMBER OF ENERGY CROUPS -
b NCY REFERENCE COUNT (CYCLE NUMBER) -
C -
Creeescmmcsrccrr e ee e ———————— - - ————
C

c

g

CR FLUX VALUES (2D RECORD) -
c -
CL ((ZGF(K,J) ,K=1,NGROUP) ,J=JL, JU)~---~SEE STRUCTUPE BELOY--~-~ -
c -
cw NGROUPs (JU-JL+1)=BUNBER OF WORDS -
c -
c DO 1 M=1 ,NBLCK -
c READ(N) oLIST AS ABOVEe -
c -
cC VITY M AS THE BLOCK INDEX, JL=(XM-1)e((NZONE-1)/NBLOK+1)+1 -
cc AND JU=MING(NZONE,JUP) YUBERE JUPsNe((NZONE-1)/NBLOK+1) -
c -
o) ZGF(K,J) REGULAR ZONE FLUX BY GROUP, AVERAGED OVER ZONE. -
D BEUTRONS/SEC-CNee2, -
c -
C - ——
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Appendix E. RZMFLX FILE DESCRIPTION

The following description of the RZMFLX format uses the standard CCCC

form.

Co030088000060080000008008008000808000008000000000030080800000806008000689

c PROPOSED -
c -
CF RZNFLX-1IV -
CE REGULAR ZONE-AVERAGED MOMENTS FLUX -
(o4 -
COP88008000200380000008000000000000800088800030C60008090088080800886080000¢
c

c

(o R D e T T TSPy - - -
CR FILE IDENTIFICATION -
c -
CL ANAME, (RUSE(I),1=1,2),IVERS -
C -
cv 1+43sHULT -
C -
cD BNANE HBOLLERITH FILE NAME - RZNFLX - (A6) -
Ccb BUSE HOLLERITH USER IDENTIFICATION (a6) -
co IVERS FILE VERSION NUMBER -
cb NULT DOUBLE PRECISION PARAMETER -
Ccb 3~ A8 WORD IS SINGLE WORD -
CD 2- AB WORD IS DOUBLE PRECISION WORD -
C -
Crmmemmemccceccam————- - ot e 2 e e 2 e e e e e e
C

c

Cw=- LR e ]

CcR SPECIFICATIONS -
c -
cL NDIN,NGROUP,NINTI,NINT),BINTK,NORD,EFFK, POVEA -
c -
Cw 8=NUMBER OF VORDS -
c -
D NDIN NUMBER OF DIMENSIORS -
<D EGROUP NUMBER OF GROUPS -
(o)) NINTI NUNBER OF FIRST DINENSION INTERVALS -
cD BINT) NUMBER OF SECOND DIMENSION INTERVALS ' -
cb NIBTJ.EQ.1 IF NDIN.EQ.} -
Ccd NIBTK BUMBER OF THIRD DINEBSION INTERVALS -
(o] NINTK.EQ.1 IF NDIN.LE.2 -
D BORD RUNBER OF LEGENDAE MOKEBTS -
D EFFK EFFECTIVE NULTIPLICATION FACTOR -
¢D POVER POVER IN VATTS TO VHICH FLUX IS NORMALIZED -
c -
c

c

c
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CR REGULAR KOMEETS FLUXES OF NULTIDINMENSIONAL INTERVALS

CL ((FLUX(X,I) ,N=1,N0RD,I=1,#INTI)~-~---30TE STRUCTURE BELCW----

cw NORDsNINTI=BUNBER OF WORDS

C- -t o e 0 e e 0w ——- -
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Appendix F. ISOTXS FILE DESCRIPTION

It was copied from the CCCC-IV report..25

The following description of the ISOTXS format uses the standard CCCC form.

CP00080000900030008840000000005000000000000008098000900000008800090000900

c
c
CF
CE
c
cx
cE
C
ca
c

REVISED 11/30/76

ISOTXS-IV
MICROSCOPIC GROUP NEUTRON CROSS SECTIONS

THIS FILE PROVIDES & BASIC BROAD GROUP
LIBRARY, ORDERED BY ISOTOPE.

FORMATS GIVEN ARE FOR FILE EXCHANGE ONLY

Co0080600000808000800008000808008083808008880000000008000000500000008890000s8

c

C==-

cs
cs
CcS
cs
csS
cs
cs
cs
Ccs
cs
cS
cs
cs
cs
cS
cs

(2]
- )

aegpe

[ ¢ W 2]
-

FILE STRUCTURE

RECORD TYPE PRESENT IF
£33==3z53T3ITIIVTISITTEETIRZIZI S3ICETEITSRTEIIT
FILE IDENTIFICATIOR ALVAYS

FILE CONTROL ALVAYS

FILE DAT& ALVAYS
FILE-WIDE CHI DATA ICRIST.GT. 1

seeossceosssss (REPEAT FOR ALL 1SOTOPES)

. ISOTOPE CONTROL AND GROUP
. INDEPEEDENT DATA ALVAYS

. PRINCIPAL CROSS SECTIONS ALVAYS

. ISOTOPE CHI DATA ICHI.CT.1

t J

¢ esecesseces(REPEAT TO NSCMAX SCATTERING BLOCKS)

o o oeseceses(REPEAT FRON t TO NSBLOK)

¢ o o  SCATTERING SUB-BLOCK LORDN(N) .GT.0
2909860000800 90

FILE IDEBSTIFICATION
HEANE, (BUSE(I),1s1,2),IVERS
1+30NULT

FORMAT(4B OV ,A8,38e,24C,10H¢,16)
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104

HNAME HOLLERITH FILE NAME - MATIS - (A8)

HUSE HOLLERITH USER IDENTIFIATION (a8)
IVERS FILE VERSIOB NUMBER
KULT DOUBLE PRECISION PARAMETER

1- A6 WORD IS SINGLE WORD
2- A6 WORD IS DOUBLE PRECISION WORD

- . D = b o D 25 b > - - - - > o -

FILE CONTROL (1D RECORD)
NGROUP,NISO,MAXUP,MAXDN,MAXORD, ICEIST , BSCHAX , NSBLOK
8=NUMBER OF WORDS

FORMAT(48 1D ,416)

NGROUP FUMBER OF ENERGY GROUPS IN FILE

NISO WUMBER OF ISOTOPES IFN FILE

NAXUP MAXINUM NUMBER OF UPSCATTER GROUPS

NAXDE NAXINUN BUMBER OF DOVESCATTER GROUPS

MAXORD MAXINUM SCATTERING ORDER (MAXINUM VALUE OF
LEGENDRE EXPANSION INDEX USED IN FILE).

ICBIST FILE-WIDE FISSION SPECTRUM FLAG

ICBIST.EQ.O 50 FILE-VIDE SPECTRUM
ICBIST.EQ.1 FILE-VIDE CHI VECTOR
ICHIST.GT.1 FILE-VIDE CHI MATRIX
BSCHAX HAINUN BUNBER OF BLOCKS OF SCATTERING DATA
BSBLOX SUBBLOCKING CONTROL FOR SCATTER MATRICES. THE
SCATTERING DATA ARE SUBBLOCKED INTO NSBLOK
RECORDS (SUBBLOCKS) PER SCATTERING BLOCK.

FILE DATA

(BSETID(I),I=1,12),(BISONN(I),I=1,¥1S0),
1(CBI(J),J=1,BGROUP), (VEL(J), I=1,BGROUP,
2(EMAX(J),J=1,NGROUP) ,ENIN, (LOCA(I),I=1,NIS0O)

(BISO+12)eNULT+1+81S0 -
+BGROUPe (2+ICAISTe(2/(ICRIST+1)))=NUNBER OF HORDS -
FORMAT(4E 2D ,1He,11A6,18¢ BSETID ,BISOSM -
11Be,A6,1He,9(1X,46)/(10(1X,46))) -
FORMAT(8E12.5) CHXI (PRESENT IF ICEIST.EQ.1) -
FORMAT{GE12.5) VEL ,ENAX ,ENIB -
FORMAT(1216) LOCA -



88888

D

- - > D W P D D s D e e P D e D = P T D o > = P AP = B D S G = WD B WD AP ET e D SO

HSETID(I) BOLLERITH IDENTIFICATION OF FILE (A6)
HISONM(I) HOLLERITE ISOTOPE LABEL FOR ISOTOPE I (A6)

CRI(J) FILE-VIDE FISSION SPECTRUN(PRESENT IF ICHBIST.EQ.1)

VEL(J) MEAN NEUTRON VELOCITY IN GROUP J (CM/SEC)

EMAX(J) MAXINUX ENERGY BOUND OF GROUP J (EV)

ENIN NININUM ENERGY BOUND OF SET (EV)

LOCA(I) NUMBER OF RECORDS TO BE SKIPPED TO READ DATA FOR
ISOTOPE 1I.

FILE-WIDE CHI DATA (3D RECORD;
PRESENT 1F ICHIST.GT.1%
((CBI(K,J),K=1,ICHIST),)=1,NGROUP), (ISSPEC(1),I=1,NGROUP)
NGROUP¢ (ICEIST+1)=NUMBER OF WORDS

FORMAT(4H 3D ,1PSE$2.5/(8E12.6)) CBI
FORMAT(1218) IS3PEC

CBI(K,J) FRACTION OF NEUTRONS EMITTED INTO GROUP J AS A
RESULT OF FISSION 1N ANY GROUP, USING SPECTRUM K
ISSPEC(I)  ISSPEC(I)=K INPLIES THAT SPECTRUX K IS USED
TO CALCULATE EMISSION SPECTRUN FROM FISSION
IN GROUP 1

1SOTOPE CONTROL AND GROUP INDEPENDENT DATA (4D RECORD)

BABSID,HIDENT,HMAT,ANSS ,EFISS,ECAPT, TENP,SIGPOT,ADENS ,XBR,ICHI,
1IFIS,IALF, INP,IN2K,1ND,INT LTOT,LTRE,ISTRPD,
2(1DSCT(¥) ,¥=1,8SCHAX) , (LORD(E) ,B=1,BSCHAX),
3((JBAND(J,¥),J)=1,NGROUP) ,B=1,8SCKAX),
4((1J3(3,¥),J=1,EGROUP) =1 ,ESCHAX)

3eNULT+17+BSCHAZe (2¢NGROUP+2)=BUNBER OF GROUPS

FORMAT(4H 4D ,3(1X,A6)/6E15.5/(1216))

HABSID HOLLERITH ABSOLUTE ISOTOPE LABEL - SANE FOR ALL
VERSIONS OF THE SANE ISOTOPE IR FILE (A6)

BIDEST IDERTIFIER OF LIBRARY FRON VBICH BASIC DATA
CAME (E.G. ENDF/B) (AS)

AMASS GRAM ATOMIC WEIGHT

EFISS TOTAL TEERMAL ENERGY YIELD/FISSION (W.SEC/FISS)

ECAPT TOTAL TBERMAL ENERGY YIELD/CAPTURE (¥.SEC/FISS)
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cD TENP ISOYOPE TEMPERATURE (DEBGREES XELVIN)

cD SIGPOT AVERAGE EFFETIVE POTEITIAL SCATTERIEG 1IN

<D RESOFANCE RANGE (3ARNS/ATON)

cD ADENS DENSITY OF ISOTOPE IN MIXTURE IN WRICHE ISOTOPE
cD CROSS SECTIONS WERE GENERATED (A/BARN-CN)

CD KBR ISOTOPE CLASSIFICATION

cD 0=UNDEFINED

D 1=FISSILE

cD 2=FERTILE

co 3=0THER ACTINIDE

(%) 4=FISS108 PROD'ICT

cD 53STRUCTURE

cb 63COOLANT

(o] 7=CONTROL

cD ICHI ISOTOPE FISSTOR SPECTRUN FLAG

cD ICBI.EQ.O YSE FILE-WIDE CHI

cD ICHI.EQ. 1 ISCTOPE CHI VECTOR

cD ICBI.GT.1 ISOTOPE CEI MATRIX

] IFIS (N,F) CROSS SECTION FLAG

D IFIS.EQ.0 NO FISSIOF DATA IN PRINCIPAL
CcD CROSS SECTION RECORD

(4] IFIS.EQ.1 FISSIOB DATA PRESENT IN PRIECIPAL
(4] CROSS SECTIGN RECORD

€D IALF (¥,ALPHA) CROSS SECTION

D SAME OPTIONS AS IFIS

D Inp (¥,P) CROSS SECTION

cD SANE OPTIONS AS IFIS

cb IN2 (B,2¥) CROSS SECTICH

<D SAME OPTIORS AS IFIS

cD IND (¥,D) CROSS SECTION

CcD SAME OPTIONS AS IFIS

cD INT (¥,T) CROSS SECTION

(o] SAME OPTIONS AS IFIS

cD LT0T NUMBER OF XOMENTS OF TOTAL CROSS SECTION PROVIDED
%) I8 PRINCIPAL CROSS SECTIONS RECORD

(o)) ITRE BUXBER OF NOMEBTS OF TRABSPORT CRUSS SECTION

%3] PROVIDED IN PRINCIPAL CROSS SECTIONS RECORD
cD ISTRPD NUNBER OF CCORDINATE DIRECTIONS FOR WEICH

cD COORDINATE DEPENDENT TRANSPORT CROSS SECTIONS
cD {2E GIVEN. IF ISTRPD=0, NO COORDINATE DEPENDENT
(o] TRANSPORT CROSS SECTIONS ARE GIVEN.

cp IDSCT(N) SCATTERIEG MATRIX TYPE IDEFTIFICATIOM FOR

CcDh SCATTERING BLOCK §. SIGBIFICANT OULY IF

cD LORD(N).GT.O

¢D IDSCT(N)=000 + ¥E, TOTAL SCATTERING, (SUM OF
cD ELASTIC, INELASTIC, AND K28 SCATTERING

cd MATRIX TERNS).

CcD 100 + 3K, ELASTIC SCATTERING

D 200 + NN, INELASTIC SCATTERING

CcD 300 + §N, (N,2F) SCATTERING,----SEE
cD NOTE BELO¥Y~---

D VBERE NN 1S THE LEGENDRE EXPANSION INSDEX OF THE
(o)) FIRST MATRIX IN BLOCK B
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cD

cD

88888888888~g~ga~eg

- W " s s D > = = - - TR P " - D = - — o b o == n G W G =

LORD(N) BUMBER OF SCATTERING ORDERS IN BLOCK ¥, 1IF
LORD(¥)=0, TBIS BLOCK IS NOT PRESENT FOR THIS
ISOTOPE. IF NN IS THE VALUE TAKEN FRONM
IDSCT(N), THEN THE MATICES IN THIS BLOCK
HAVE LEGENDRE EXPABSION INDICES OF NN, NN+i,
NN+2,...,NN+LORD(N)-1

JBAND(J,N) NUMBER OF GROUPS THAT SCATTER INTO GROUP J,
IBCLUDING SELF-SCATTER, 1K SCATTZRING BLOCK ¥.
IF JBAND(J,¥)=0, BO SCATTERING DATA IS PRESENT
IN BLOCK ¥.

1J3(3.%) POSITION OF IB-GROUP SCATTERIBG CROSS SECTION IN
SCATTERING DATA FOR GROUP J, SCATTERING BLOCK
¥, COUNTED FROM THE FRIST WORD OF GROUP J DATA.
IF JBAND(J,¥).NE.O THEN 1JJ(J,N) MUST SATISFY
THRE RELATION 1.LE.1JJ(J,N).LE.JAND(J,¥)

NOTE- FOR ¥,2¥ SCATTER, THE MATRIX CONTAINS TERNMS,
SCAT(J TO G), VHICHE ARE EMISSION (PRODUCTION)-
BASED, I.E., ARE DEFINED SUCH THAT MACROSCOPIC
SCAT(J TO G) TIMES THE FLUX IN GROUP J GIVES
TBE RATE OF EMISSIGN (PRODUCTION) OF NEUTRONS
INTO GROUP G.

PRINCIPAL CROSS SECTIONS (5D RECORD)

((STRPL(J,L),J=1,0GROUP),L=1,LTRN),
1((STOPL(J,L),J=1,NGROUP)L=1,LTOT), (SNGAN(J) ,J=1 ,BGROUP),
2(SFIS(J),J)=1,MGROUP), (SNUTOT(),J=1,8GROUP),
3(CB1S0(J),J=1,XGROUP), (SNALF(J), J=1,NGROUP),
4(S¥P(J),J=1,NGROUP), (SN2K(J),)=1,BGROUP),
5(SED(J),J=1,BGROUP),(SNT(J),I=1,UGROUP),
6(STRPD(J,I),J=1,NGROUP),I=1,ISTRPD)

(14LTRU4LTOT+IALF+INP+IN20+IBD+INT+iSTRPD+2¢1FIS+
ICBI*(2/(ICBI+1)))*BGROUP=NUMBER OF VORDS

FORNAT(4H 50 ,6E12.5/(6E12.5))

STRPL(J,L) PL VEIGHTED TRANSPORT CROSS SECTION
THE FIRST ELENENT OF ARRAY STRPL IS THE
CURRENT (P1) VEIGETED TRANSPORT CROSS SECTION
THE LEGEFDRE EXPANSION COEFFICIEDT FACTOR (2L+1)
IS NOT IRCLUDED IN STRPL(J,L).

STOTPL(J,L) PL WEIGHTED TOTAL CROSS SECTION
TBE FIRST ELENENT OF ARRAY STOTPL I3 THE
FLUX (PO) VEIGETED TOTAL CAOSS SECTION
THE LEGENDRE EXPANSION COEFFICIENT FACTOR (2L+1)
IS NOT INCLUDED IN STRPL(J,L).

SNGAN(J) (¥,GanMr)
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ch SF1S(J) (§,F) (PRRSENST IF IFIS.GT.O) -
cD SEUTOT(J) TOTAL NEUTRON YIELD/FISSION (PRESENT IF IFIS.GT.0) -~

cD SCBISO(J) 1ISOTOPE CHI  (PRESENT IF ICBI.EQ.1) -
cD SNALF(J) (W,ALPHA} (PRESENT IF IALF.GT.O) -

cD SEP(J) (x,pP) (PRESENT IF INP.GT.O) -
cD SN2M(J) (3,20) (PRESENT IF IN2§.GT.0) ----SEE -
(o} NOTE BELOW---- -
cD SED(J) (¥,D) (PRESENT IF IND.GT.O) -
cD SNT(J) (2,T) (PRESENT IF INT.GT.O) -
cD STRPD(J,1) COORDINATE DIRECTION I TRANSPORT CROSS SECTION -
cD (PRESENT IF ISTRPD.GT.O) -
c -
(o | NOTE - THE PAINCIPAL ¥,2N CROSS SECTION SN2¥(J) -
(o] | IS DEFINED &S TME ¥,2§ REACTION CROSS SECTION, -
cn I.E., SUCE TBAT NACROSCOPIC 2N2N(J) TIMES THE -
cN FLUX IF GROUP J GIVES THE RATE AT VHICH §,28 -
cE REACTIONS OCCUR IN GROUPJ. TEUS, FOR ¥,2¥ -
[ | SCATTERING, SN2N(J) = 0.5¢(SUN OF SCAT(J TO G) -
(o] | SUMMED OVER ALL G). -
c -
c .......................... - - - = o - s 2w v v -
c

c

c-- P —— -

CR ISOTOPE CBI DATA (6D RECORD) -
c -
cc PRESENT IF ICBI.GT.t -
c -

CL ((cB11s0(X,J) ,K=1,ICBI), J=1,NGROUP) , (ISOPEC(I),I=1,NGROUP) -

cv NGROUP+(ICHI+1)=NUNBER OF WORDS -

c -
CB FORMAT(4B 6D ,5E12.5/(6E12.5)) CHIISO -
cB FORMAT(12I8) ISOPEC -
c -
cD CBIISO(X,J) FRACTION OF BEUTRONS ENITTED INTO GROUP J AS A -
cD RESULT OF FISSION IN ANY GROUP, USING SPECTRUM K -~
cD ISOPEC(I) ISOPEC(I)=K INPLIES THAT SPCTRUN K IS USED -
cD TO CALCULATE ENISSION SPECTRUM FROM FISSION -
cD IN GROUP X -
c -
c -

C

c

(o e .

CR SCATTERINEG SUB-BLOCK (7D RECORD) -
c -
cL ((SCAT(K,L) ,K=1,KNAX) ,L+3,LORDS -
c -
cc KNAX=SUN OVER J OF JBAND(J,¥) WITHIN TEE J-GROUP RANGE OF THIS -
cC SUR-BLOCK. IF X IS THE INDEX OF TEE SUB-BLOCK, TEE J-GROUP -~
cc RANGE CONTAINED VITHIF THIS SUB-BLOCK IS -
cc JL=(N-1)e((BGROUP-1)/8SBLOK+1)41 TO JUsNINO(BGROUP,JUP), -
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VHERE JUP=Ne((NGROUP-1)/NSBLUK/ ° V.

LORDN=LORD (H)
¥ IS THE I¥DEX FOR THE LOOP OVER §f.r 587 FILE STRUCTURR)

KNAXCLORDN=NUXBER OF GROUPS
FORNAT(4H 7D ,6812.5/(6E12.5))

SCAT(K,L) SCATTERING MATRIX OF SCATTERING ORDER L, FOR
REACTION TYPE IDENTIFIED BY IDSCT(N) FOR THI1S
BLOCK. JBAND(J,¥) VALURS FOR SCATTERING INTO
GROUP X ARE STORED AT ;PCATOPNS L=SUM FRON 1
T0 (3-1)( OF JBAND(J,B) PLUS 1 TO K-1+4JBAED(J.N).
THE SUM IS ZERO VEEN J=i. J-TO-) SCATTER IS
TBE IJJ(J,%)-TE ENTRY IS THE RANGE JBAND(J.N).
VALUES ARE STORED IB THE ORDEBA (J+JUP),
(3+30P-1),...,(3¢1),3,03-1),...,(3-J00),
VEERE JUP=1)J(J,N)-1 AND JDN=JBAND(J,N)-XJ3(J,¥).

©°8888888888~°8°2°88"93
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Appendix G. GOXS FILE DESCRIPTION

The following description of the GOXS format uses the standard CCCC form.
The GOXS format is the same as the MACRXS and SNXEDT formats used in

the ONEDANT and TWODANT codes.

CO00003008008000005800¢83303080000080C0000000000098009000890080008000830008

c DAle 05/12/83 -
C -
CF GOIS -
CE GACUP-ORDERED CROSS SECTIONS FOR SH -
c -
(o ] THIS FILE CONTAINS CROSS SECTI1ON -
o | TRANSPORT TABLES AND RESPONSE EDITS -
cl IN A GCROUP-ORDERED FORM COBVENIERT -~
Cch FOR USE 1IN S¥ TRABSPORT CODES. -
c -
Co00600800000008300083000500000008000080000000003000000000400%020000808008
C
C
c--- - et e e e e e e e e e - - - ——————-——-
cS FILE STRUCTURE -
CcS -
CcsS RECORD TYPE PRESENT IF -
cs SRESSEITSIS TSI RS IALERS SESSSSEINTn43S3 -
cS FILE IDENTIFICATIOR ALVWAYS -
cs FILE COBTROL ALVAYS -
Ccs FILE DATA ALVAYS -
CS eessesssseses(REPEAT FOR ALL GROUPS) -
CS o EDIT CROSS SECTIORS ALVAYS -
Ccs . SCATTERING COBTROL SORD.GT.O -
cS ° SCATTERING DATA NORD.GT.O -
CcS 0806900000805 0008 -
(o4 -
(oL T bl dal e L L e P 2 P D v o e = - - - - --~
C
c
c ................................
FILE IDEBTIPICATION -
BNAME, (HUSE(I),1=3,2),IVERS -
1+3sNULT -

FORMAT(4B OV ,AG,1He 248, iHe, 16) -

BNANE NOLLERITE FILE BANE - GOXS - (48) -
HUSE HOLLERITE USER IDENTIFIATION (AS) -
IVERS FILE VERSIOB SUNBER -
NULT DOUBLE PAECISION PARANETER -

1- 48 WORD IS SIEGLE WORD -
2- A8 VORD 1S DOUBLE PRECISION WORD -

§688888~"3~a~p°~g
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CR FILE CONTROL

CL NGROUP , NMAT ,NORD, BED, IDPF ,LNG, MAXUP ,RAXDN ,NPRIN, I2LP1

cu 10

C

CD BGROUP SUMBER OF GROUPS

h WMAT RUMBER OF MATERIALS

¢ BORD NUMBER OF LEGENDRE ORDERS

cb SED NUMBER OF EXTRA EDIT CROSS SECTIONS

cb (IN ADDITION TO IHE BASIC PRINCIPAL CROSS SECTIONS)
cL 1DPF DOUBLE PRECISION FLAG FOR EDIT AND SCATTERING DATA
CcD (1/2=SINGLE/DOUBLE)

<D LaG LAST BEUTRON GROUP FOR COUPLED SETS

cD RAXUP MAZIMUM BUMBER UF UPSCATTER GROUPS

€D KAXDN MAXINUM BUMBER OF DOVESCATTER GROUPS

ch NPRIN NUMBER OF PRINCIPAL CROSS SECTIONS (0, 4, OR 6)

cD I2LP} 2L+1 TERN INCLUDED IN LIBRARY (0/1=BO/YES)

c

c ---------------------------------------------------------------

c

C

c ------------------------------------------------ - -
CR FILE DATA

C

cL (BMAT(I),I-=1,0MAT),(BED(J),J=1,NEDT), (VEL(K),K=1,6BGROUP),
CL  1(EG(K),K=1,NGROUP) ,EMIKE

c
(u'} (SMAT+BED) sNULT+20¥GROUP+1

(o

cD BMAT(1) BOLLERITH MATERIAL NANMES

cD BED(J) SOLLERITE EDIT CROSS SECTION NANES

cD VEL(K) AVERAGE VELOCITY FOR GROUP K (CM/SEC)

cD EG(K) MAX ENERGY BOUNED FOR GROUP K (EV)

co ENIN MNIN EFERGY BOUND FOR GROUF STRUCTURE (EV)

cb ¥EDT FED+BPRIS

c

c --------------------- - - ——-

(o

[

c -----------------------------------------------
CR EDIT CROSS SECTIONS

c

cL ((EDXS{I,J3),X=1,08AT), =1 BEDT)

(o

cv EMATeNEDT

c

CD EDXS(I,J) EDIT CROSS SECTIONS. THE FOLLOVING 4 ARACTIONS



CD ARE ALVAYS PRESZNT IE THIS ORDER VHEN NPRIN=4: -
D TOTAL TOTAL TRANSPORT XSEC -
¢D ABS BALAFCE ABSORPTION XSEC -
> BUSIGF FISSION SEUTAON PRODUCTION XSEC -
co CHl FISSION SPECTRUM -
(o)) ALSO PRESENT VEES FPRIN=5:

cD TAD TRANSPORT FOR DIFFUSION -
(o] ABY EXTRA EDITS FOLLOV THESE STANDARD EDITS. -
+1) WEEN BPRIS=0, ANY BANES AKE ALLOVED, -
c -
C-a—= -- - o= dmercec e et — e e ———-
C

c

[ e E L LR P ekttt L P PR P2 St P L Lt e P et D L L L e
CR SCATTERING CONTROL -
c -

cL ((333(L,1),L=1,B0RD),I=1,BNAT), -
CL  1((IJ5{L,1),L=1,500D),I=1,BNAT) -

cv 20JORD¢EMAT -

cD ¥JJ(L,I) NUMBER OF GROUPS 1IN BAND -
cD 133(L,1) FIRST GROUP IN BAND -

c -
(o L e L DL R L e T e e ] -
C

c

c ........................
cR SCATTERING DATA -
C -
cL SCAT(I),I21,NTAB) -
c -
(v} NTAB -
C -
cd SCAT(X) SCATTERING DATA. -
(v)1] BTAB SUN OF 8JJ(L,I) OVER L FROM 1 TO NORD AND -
cD I FRON 1 TO NMAT -
c [ Z -
c
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Appendix H. EXAMPLE OF A MATXS INDEX FILE

The following text is part of the index for MATXS10, the 30 x 12 library based

on ENDF/B-VL. Sections that were removed are marked with ellipses.

0040003880009 0000000000000600000840000¢009%00

ese FILE MNATIS 000000000000000¢0
sse USER T2LANL ERJOY 00080000060000000
ees VERS 10 2000000008006009

000000006080 00000¢008000000000808900000000809

FILE DESCRIPTION
30X13 LIBRARY FRON ENDP/B-VI, JAN 1992
P4, 300K AT INFIRITE DILVUTION
STAUDARD CLAW VEIGHEI FUNCTION

FILE DATA

PARTICLE BANE NGRP

DATA TYPE NANE JIup JoutPp

1 NSCAT 1 1
2 G 1 2
3 GSCAT 2 2

NATERIAL ENAT BSUB Loca
1 0 3 0
2 ] 3 16
3 83 2 34
4 HES 2 1)
3 uEA 2 e2
6 L18 3 7%
7 L17 3 163
8 BES 3 23
) 810 3 260

10 P11 3 330
1 CEAY 3 380
2 ¥4 3 426
i 518 3 511
14 016 3 662
16 017 2 044
16 F19 3 089
17 423 3 780
19 NOBAT 3 820
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18

21
22
23
24
a6
a8
27
28
29
30
31
32
33

36
36
7
3s
39
40
41
42
4

45
46
47
48
419

53
52
53

66
56
57
58
59

62
63

(.13
67
a9

70
71

NG24
AL27
SINAT
3128
P3t
SEAT
832
CLEAT
AR4O
KEAT
K41
CABAT
SC45
TINAT
Ti40
Ti47
TI48
VEAT
CRE0
CR562
CA53
CR54
NEE6

Cos9
¢
159
5160
| ){ 3
5162
BI64
cues
cuss
GABAT
Y89
nes
NOBAT
COIAT
IBEAT
BAL13S

UL

U163
ZUiss
10166
iy Jhg
TA181
viea
vies
vies
vise
RE166
RE107

WO WG WEWNWGN G WG WU NELWUWW WLV WNWL VWLV UOROVLDONGLVNVL GUL WL

926

937
1033
1110
1267
1290
1368
1410
1494
1806
1603
1614
1686
1697
1746
1767
1768
1779
1862
1912
1687
2078
2119
2274

asmn

FERENBSECEREIZORREE:
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72 AU197 3 3914
73 PB206 3 3se7
74 PB20T 3 4160
76 PB208 3 4333
70 BI209 3 4404
77 TB230 2 4473
76 TH232 3 4529
79 PA231 2 4688
80 PA233 2 4034
81 U232 2 4682
82 U233 3 4730
83 U234 2 4770
84 U235 3 4808
86 U236 2 4908
86 U238 3 49088
87 §pP237 3 50786
88 NP238 2 5226
89 §P239 2 5238
90 PU236 2 5270
o1 PU237 2 5302
92 PU238 2 5346
93 PU239 3 5400
94 PU240 3 5494
95 PU241 3 5664
06 PU242 3 5623
o7 PU243 3 5690
98 PU244 2 5718
9 AN241 3 5752
100 AN242 2 5816
101 AN2420 3 5831
102 AK243 3 5888
103 CR241 2 5983
104 CN242 3 5083
105 CH243 3 6020
106 CHa244 3 6081
107 CN246 3 6118
108 CH246 3 0144
100 CH247 3 6192
110 Cna4s 3 6218
11 BK249 2 6233
112 Crase 2 6316
113 CFa50 3 6387
11¢ CFras1 3 6393
116 Cras2 3 6410
116 CF263 2 64456
117 ES283 2 6468
SUB 3.000%+02 1.0008+10 NSCAT

VECTORS: BVWYO BT0T0O INELAS NG EEAT KERNA DANE NUBAR
11 GANNA INVEL



NATRICES: HELAS

81 svs 2 .G00B+02 1.000B+10
NATRICES: NG
81 suB 3 .000E+00 1.000E+10
VECTORS: GWTO GTOTO GCOB cINCH
NATRICES: GCOH GINCHE GPAIR
B2 SUB 1 .000E+02 1.000L+10
VECTORS: BWTO NTOTO BELAS B2§
NUBAR I GAMNA  INVEL
NATRICES: NELAS N2
82 sUB 2 .000E+02 1.000E+10
NATRICES: ¥G
82 SUB 3 .000E+00 1.000E+10
VECTORS: GWTO GTOTO GCOnm GINCE
NATRICES: GCOB GINCE GPAIR
B3 SUB 1 .000E+02 1.000E+10
VECTORS: BVTO FT0TO NELAS %28
) §.¢ GANNA  IRVEL
KATRICES: NELAS %23
a3 sUs 2 0.000B+00 1.000B+10
VECTORS: GW70 GI0T0 GCom G1xCE
NATRICES: GCOR GINCE GPAIR
BE3 SUB 1 3.000R+02 1.0008+10
VECTORS: BVTO FTOTO EELAS G
DARE NUBAR XI GANNA
NATRICES: FELAS
BE3 sUs 2 0.000E+00 1.0008+10
VECTORS: GVTO G70T0  GCOE cINCE
NATRICES: GCOR GINCE GPAIR
HEA sUB 1 3.000%¢02 1.0008+10
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VECTORS: BVT0 §I0T0 UELAS ERAT

GECAT

GPAIR  GABS

NSCAT
§G HEAT

GSCAT

GPAIR GABS

NSCAT

HEAT KERNA

GSCAT

GPAIR GABS

BSCAT
| 4 )
1BVEL

GSCAT

GPAIR GABS

NSCAT
KERMA DANE

GHEAT

KERNMA

GHEAT

DAKE

GHEAT

HEAT

CEEAT

NUBAR

DANME

KUBAR

KERMA

XI



GANNKA
MATRICES: BELAS
HE4 SUB 2
VECTORS: GNWTO
KRATRICES: GCOR
LI6 SUB 1§
VECTORS: BVWTO
NO4D
N12D
N20D
528D
NUBAR
NATRICES: BELAS
¥07
N18D
N23D
LIS Sus 2
NATRICES: 207
LIé SUB 3
VECTORS: GWTO
NATRICES: GCOR
L17 SUB 1
VECTORS: -....
5027
§10T
§18T
B26T
) 94
NATRICES: NELAS
BOBT
§13T
21T
LI7 SUB 2
MATRICES: ¥01%
LI sSUB 3
VECTORS: GVTO
RATRICES: GCOR

INVEL

0.000E+00
GTOTO
GlNCE

3.000E+02

ETOTO
BJOSD
B13D
§25D
520D
11
N2NA
08D
¥16D
524D

3.000E+02
RG

0.000E+00
GTOTO
(+3¢ {4 |

3.000E+02

halvag
§03T
5117
§19T
5277
GANNA
 pi
3067
§I14T
§227

3.000E+02
| (o

0.000E+00
¢7070
GINCH

3.000B+10
acon ¢IxcH
GPAIR
1.000E+10
BELAS NIBEL
206D 507
114D 516D
§22D B23D
 {¢] ) 14
GAMNA  INVEL
201D ¥02D
| [o]- )] ¥10D
N7 Ni8D
N28D ¥26D
1.000E+10
1.000E+10
GCOB GIxCE
CPAIR
1.000E+10
BELAS NIREL
¥04T HO6T
127 ¥137
¥20T ¥21T
| {4  §]
IBVEL
N2NA 1354
307T 108T
B15T | $TA
§237 | P1)4
1 .000B¢+20
1.0008+10
) | ()¢ (= |
GPAIR

GSCAT
GPAIR

NSCAT
§2NA
§08D
B16D
N24D

303D
§11D
N18D
¥27D

) [

GSCAT
GPAIR

BSCAT
§2n
BO6T
Ni4T
N227
BEAT

1}

BOST
n7T
§25T

GSCAT

GPAIR

GABS

501D
§09D
| g
826D
BEAT

04D
¥i2D
§20D
28D

GABS

¥ami
BO7T
¥i16T
§23T

5027
5107
18T
§2et

GHEAT

§O2D
¥10D
%18D
§26D
KERMA

HO5D
§i3D
N21D
329D

GHEAT

§3NA
08T
NioT
N24T
DAXNE

85037
1T
59T
§2rT

GREAT

¥03D
¥11D
319D
¥27D
DAME

06D
14D
§22D

| {131
BOST
nit
N25T
BUBAR

04T

3127
§20T
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BE9

BE9

BE9

B10

B10

U235

120

SuUB 1
VECTORS: BVTO
NA
XT800

HATRICES: HBELAS

sus 2
MATRICES: NG
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