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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 (Sny) and diffusion codes. Tables can he
produced for neutron, photon, ctarged-particle, or conpled 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 (Sn) transport codes, which solve the Boltzmann equation
for the distribution of neutrons and photons in nuclcar systems, have reached a
high level ¢ fdevelo: 1ent. The early one-dimensional codes DTF-IV! and ANISN2
are very widely used. The development cf diffusion accelerationd as well as increas-
ing comnuter speed and capacity has made detailed transport calculations inore
cconomical; as a result, codes such a ONEDANT# and TWODANT® are seeing
increasing use. The toroidal geometry capability of TRIDENT-CTR® and its suc-
cessor TRISM? are very useful for fusion reactor analysis. The DIF-3D3 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 unnsual



about the problem, such as fine groups, self-shielding, transport cruss sections,
or sophisticated response edits (e.g., heating, damage, or gas prodnction). 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

probjems. 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 iandle heterogencous self-shielding problems for fast reic-
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 coinplete docu-
mentation; for example, Version 1.1] 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)
requirernents, has led to the creation of this new version.

Section II of this report discusses the data needs of the typical Sy codes and
describes the theoretical background; Section 111 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 V1 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

The Sn Lransport codes solve the equa.tion“

N
#56;‘#9(#-1) + 030 (2) 0l z) = Y Pelw) Y0 go(2) g + Solpeaz) 4 (1)
=0 9

where one-dimensional plane gcometry has been used for simplicity, u is the scat-
tering cosine, z it position, ¢{u,z) is the angular flux for group g, ¢y, is the
Legendre flux for group g, () 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 equation.
As shown in the refercnce.ll the multigroup Boltzmann equation can be written
in the PN form:

N N
b 2) + 3 P ol (2) s = 3 Pel) 0B () e + Sy mz) 4 (2)
=0 £=0 9

where the Py cross sections are given by the following group averages:
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In these formulas, o(( £) and 7, E'— F) are the basic energy-dependent total and

(4)

PN _
Iy =

scattering cross sections, and W,(E) is a weighting flux that should be chosen to
be as similar to ¢ as passible. As will be scen 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  of
Il’-—gl = al’-N—gI fOf g' # [/ (5)
and
SN _ _PN PN SN
alg-—g - alg-—g - allg + 0’ ’ (6)
where a:N is not determined. The choice of %SN gives rise to a “transport ap-

proximation” and various recipes are in use.



A. Transport Approximations

It is convonient to write

SN _ PN PN PN N
Otg—g = alg-—g - (allg - aolg ) - Ag ' (7)
and
S PN N
a,N =0,y -8, . (8)

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

of the Boltzmann equation, and Af 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:

aV =0, (9)
Inconsistent-P approximation:
A7 = 055 ~ ON3rag (10)

Diagonal transport approximation:

N _ PN PN PN
Ay =009 “ONyIY + IN4Lg—g (ll)

Bell-Hansen-Sandmeier or extended transport approximation:

AN =l -l + gy (12)
'd
and
Inflow transport approximation:
DI H PR
AN = afiN —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 prcduced 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 especi:lly 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 P, 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, (VN +1) tables are available on the MAI'XS
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
Sg = Zaf’-—" %" ’ (14)
9'

where o4, is the fission matrix that is available on the MATXS file. However,
most existing transport codes do not use this matrix form because the upscatier
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

5, = Xp 2‘79"’19' ¢Og' . (15)
"



where 7, is the fission neutron yield, o/, is the fission cross sections, and x; is the
average fission spectrum, which can be defined by

E"h-—a' Pog’

= . 6
Xs ZVO' 019 dop’ (16)

where the fission neutron production rate can also be written as
PILXLIAT "WED 39 DLIANT 'V (17)
¢ 2 9

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,

9

Z”!o-—o' doy’ + X5 Z"y' 94y $og*
"
ZZGI',_" ¢°°f + Zﬁ 1 0’,

95

(19)

For large group structures, 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,

OI’._" = Xf (I.ldl)fl + 0;;._’: . (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 exaniple, above
6 MeV for #3U), their corresponding fission matrices are always rectangular on
the MATXS library and do not cause a space problum. 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 problems (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 therinal 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 Sn flux solution using Eq. (1) have been shown to be

Oy, Otgeygy ¥,045, and X,,

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

Gag = 0y — 3000y - \21)

o

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 difierences
due to cross-section processing lead to unreasonable values for g,,, as computed
from Eq. (21), when g, is small with respect to g,. In such cases, g, 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 !eating, radiation damage, gas production, photon production,

-
{



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

edit cross sections, 0.

The original SN 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 tavle 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 loveer energy
groups, so cross sections for all inaterials 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
inpat 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 for transport calculations. It may be noted that
fusion-related transport calculations (other 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



Position Contents for Group ¢

1
} o,  Response edits
NED
NED+1 Oag
NED+2 v,07, Standard edits
NED+3 o,
NED+4
} 0,y 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)
upP = maximum numbes of u ecatter groups (0OSNUPSNGROUP)

NTABL = table length (NED+4+NUP<NTABL<NED+44+NUP+NGROUP)
NGROUP = number 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 edils

ag
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 N 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 ;s the convenience of solving both the neutron and photon
problems simultancously 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 wili be seen
later, the GOXS interface format includes a parameter LUG to define the break
point hetween 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 an:d coupled sets for more than two particles. The main dif-
ference between charged-particle cross sections and neutral-particle 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 handled as

10



a ccatinuous slowing-down calculation usirg 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. ligh-energy necu.
trons normally produce secondary protons, and these protons can produce ad-
ditional sccondary neutrons. The structure of 2 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 §} is just the adjoint flux
for direction —§) numbered backwards.

The existing Sy cades 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, f1) using

¢*(9,9) = HN-g+1,-) . (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



MULTIPARTICLE COUPLED SET
edits

3 G,, Vo5 O,

a
22 0

ton

52 0
T ‘\ 0
[Yto p]

52 | Y10y up
PP ¥
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 transpoit 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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¢ =g g

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 238U, 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 Method16 or Background Cross Section
Method 17 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)

ot + oi(EVF (#)

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

CRTALE @0

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

ol =~ S N;aly(ai,) (25)
N $1 4l

where N; is the number density for the isotope. Because o4 depends on 0y, finding
ap is 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

; 1
o = —= , 26
zg9 N"z ( )
where  is the mean chord length of the lump given by
4V

and where V ard S are the volume and surface area of the lump (e.g., for a
cylinder, 2=2r). The mean chord Z can be adjusted away from the geometric value
of Eq. (27) to compensate for the presence of other lumps (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 facs, the effects are additive. As

14



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

moderator:
o .046 at/b-cm x 3.76 b/at lcm
0 023 at/b-cm 023 at/b-cm
= 7.52b/at +43.48b/at
= 51.0b/at

where .023 and .046 are the atcmic 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, it 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—fl
TR @)
where
Vi v+ Vo 1 Ve
r= (.9523‘/” T -1) Ve -.12(1+§ 1+Vc) . (30)
Cylinder in a square lattice by the Sauer appsoximation,
-t A
c 2 (31)

“T+(- °

_ , Vm vi+ Ve 1/ Vo
r-(.8862 l+VM+Vc—1) Vie -.08(1-{'-2 l+Vc) ’ (32)
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Slab cell by the Bell approximation,

0.5 0.5
CEtrmtiea (33)
and
Slab cell by Ej collision probabilities,
€ = E3(Ar) + Ea(AL) . (34)

In these expressions, A stands for the optical path in thc moderator region,
?nom, A 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)

S NIT+(5-1)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 0¢. 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 interpolation function. This

version of TRANSY reverts to nsing simple linear interpolation for its stahility.

Foi g, the siiclding curve has a shape similar to the tanh function (sce
l\'i«lman).w Like tanh, it has a limited radius of convergence, and no single poly-
nomial can be used to represent it for all 0o. Farlier versions of TRANSX used
a combination of 1/ay, Lagrangian, and quadratic interpolation for different oy
ranges. Just as for temperature interpolation, this scheme sometiies led to large
unphysical oscillations in the interpolated cro:s sections. Therefore, this version of
TRANSX uses simple lincar interpolation bhased on log(ay), except for very large
op values, where it uses 1/, interpolation. The lowest cross-section value is used
for og 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 gp grid than the
older mcthod 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 F.qs. (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 scctions (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,!9 various attempts have been made20: 21 ¢ cor.
rect the elastic removal based on the shape of the computed fiux 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. Instead it smoothes the flux by averaging over several gronps
above and below the group in question. This results in an effective slope for the
flux n2ar the bottom of the group, which can be used to correct she 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 reinoval effect such as keg, but the actual
flux shape near a particnlar resonance inay not be improved at all.

The remioval from group g to gronp ¢’ can be written
RY_, = / du / du'c. (v —u) oM(u) , (36)
9 9

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

thar the model flux,
&u) = [a — b(uy —- u)loM(u) , (37)

where u, is the lethargy at the bottom of group g, the removal rate becomes
Ryeg = Ry_gla—byp ) (38)

where

/du/ du'(u,~u)ae(u'o—u)¢M(u)
2 7’

/du/ du’ o.(u' 1) ¢M(u)

g 9

(39)

Ygle-g =

The quantity 7, = 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.

ltz is then assumed that the smoothed flux ratio can be represented by
In(8/6M) = 20 + 2)(uy—u) + za(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
u, and three helow). The parameters a and b are determined at the bottom 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 rothe ' is vecy stable. It avoids the divergences in removal cross sections
often s e mnth < and it usually converges adequately in one iteration.

K. Group Collapse

It is necessary to produce zross-section libraries with fairly narrow 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 periorm 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 Py equations when they are summed

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

Coarse group flux

I ED I T

92€G

Absorption, 70y, and edit cross wctiq_rlg

0:G = Zanﬁl' '

Transport cross section for leakage calculation

=Zam¢t

- trg ¢l

P¢-weighted total cross section

PN _ pn Sy
ouG = Z llg é
9€G G

Scauerini matrix cross sections

9y
a‘0°-0' = E E al’;‘h',-l¢
#€G g’¢G’

and

Steady-state and delay fission spectrum x

XG = ZXy .

2¢G

(41)

(42)

(43)

(44)

(45)

{46)

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 madel weight function used to generate the MATXS library with

_ Cy
"i=ol"09 + "kw]

by (47)

In practice only =0 and k=1 are 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 scction *.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 cor2. 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

su(v) = T el (48)
1€cell

and

Cell-average macroscopic cross section

. P,(vi) 0% (v;) deg(vi) vi
Ceg(V) = Em; ¢;(V) % : (49)

In these cqnations, the v, a.e the region volumes, V is the cell volume, p,(1;) 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 P3U 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” aud the second type a “cell 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 make 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 flux 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-shiclding in resonance energy ranges. Although the MATXS format
has the capabdility 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 neutron 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 H30, 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 ncutron wave interacting
with the entire crystalline lattice. The incoherent part contains both energy-
gain and enesgy-loss cross sections due to interactions with lattice vibrations or
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vibrations or molecular rotation and vibration modes. For 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 mmaterials in addition to any bound cross scctions

given for important moderator materials.

Thermal cross sections are defined over a limited energy range (e.g., £<4 eV).
‘To prepare an upscatter set, TRANSX corrects the total cross section by subtract.
ing the normal static elastic cross section (NELAS) and adding back the appropriate
incoherent 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 encrgy cutoff. Sources from
above the cutofl to below nse elements of the static matrix. Sources from below
the cutoff to abcve are trancated 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 atoins must be combined in TRANSX. An example is
water; here “H in '1,0” 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 cection.

O. Epithermal Self-Shielding

The biggest weakness of the TRANSX code as described so far occurs for
thermal reactor analysis in the “epithermal” 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, yon could prepare a new isotope called U238B with
cross sections appropriate for 232UQ; 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 prablems 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 FORM)-------=--couu- ————--

CARD 1 RUN TITLE (HOLLERITE DESCRIPTIVE CONMENT)
72 CHARS MAX. NO DELINITERS OR TEANIBATOR REQUIRED.
STOP TZRMINATES JOB

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

CARD (6E12)

CLAY (CARD VITHE SEPARATE EDITS)

FIDO

ABISE (FIDO VITB 2¢Le+i FACTOR)

GOXS (GROUP-ORDERED BINAAY)

ISOTXS (CCCC-IV MATERIAL-ORDERED BINARY)

IPROB PROBLEN (0=DIRECT/13ADJOINT)

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, ETC.

IFORN FORM (1=MATVISE/2sGROUPVISE)

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

IDECAY DECAY TINE (RESERVED)

ITRC TRANSPORT CORRECTION

0 ¥ONE (NOT FOR SN CODES)
1 CONSISTENT-P
2 DIAGOSAL

DOV N e
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BELI.-HANSEN-SANDMEIER
4 v LOW
g * LusISTENT-P
1COLY. ‘> .+ E (0=NO/NFINE=YES)
1¥{T ¥ .4l FLUX
USE LIBRARY WEIGHT FOR PO FLUX
READ PO FLUX ON CARDS
READ RTFLUX INTERFACE (CCCC-IV TOTAL FLUX)
READ RZMFLX INTERFACE (ZOWE MOMESTS FLUX)
4 READ RZFLUX INTERFACE (CCCC-1V ZOME FLUX)
12-14 TRIGGERS REMAP OF INPUT FLUX
-§  MAKE ELASTIC SCATTERING FLUX CORRECTION
(FOR LAST FIVE ITENS, DEFAULT=FIRST 0PT1ON)

WK O w

CARD 3 PARAMETERS
NGROUP NUMBER OF GROUPS IN TABLE

L BUMBER OF LEGCENDRE TABLES
NTABL TABLE LENGTH
UP BUMBER OF UPSCATTER GROUPS

RTHG BUMBER OF THERMAL GROUPS

ENIX NUKMBER OF OUTPUT MIXES OR MATERIALS
NREG NUMBER OF REGIONS

ENIXS NUMBER OF MIZ SPECIFICATIONS

NED NUNBER OF EXTRA EDITS

NEDS NUMBER OF EDIT SPECIFICATIONS

CARD 4 NIX NAMES
ANIXX NMIX BOLLERITE MIX NAMES (6 CHARACTERS MAX)

CARD 5 REGION AND HETEROGENEITY SPECS

HREGN REGION EOLLERITH NAME (6 CHARACTERS MAXINUNM)

RTENP REGION TEMPERATURE (K) (DEFAULT=300)

RVOL REGION VOLUNE (DEFAULT=1.)

1BET BETEROGENEITY OPTION (DEFAULT=02N0 SELF SHIELDING)

0 NO SELF SHIELDING

CONSTANT ESCAPE CROSS SECTION

CYLINDER BY BELL APPROXINATION

CYLINDER IN BEX LATTICE BY SAUER APPROXIMATION
CYLINDER IN SQUARE LATTICE BY SAUER APPROXINATION
SLAB CELL BY BELL APPROXIMATIOF (REPLECTIVE)
SLAB CELL BY E3 APPROXINATION (REFLECTIVE)
SLAB CELL BY BELL APPROXINATION (PERIODIC)
SLAB CELL BY E3 APPROXINATION (PERIODIC)
CONTINUE SPECIFYING THNE CELL

M ONODOE W N -

TEE REST OF THE PARANETERS ON CARD &

DEPEND ON THE VALUE OF IEET. THESE VALUES

ARE ONLY GIVEN FOR THE FIRST REGION OF EACH CELL.
== IHET=1 -- CONSTANT ESCAPE

CEORD MEAN CHORD LENGTE (CM)



== IBET=2 THRU 8 -- DANCOFF APFrROXINATIONS

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

REPEAT CARD 6 ¥REG TINMES

CARD 6 REMAP INSTRUCTIONS (ABS(INITF).GE.32 ONLY)
PLUX POINT, ZONE, OR REGION FROM INPUT FILE TO BR

ASSIGEED TO EACH TRANSX REGIOP (NREG INTEGERS)

CARD 7 MIX SPECIFICATIONS
INIX MIX BUMBER (O TO NMIX)

IREG REGION NUMBER

ENIX NAME OF ISOTOPE FROM MATXS .

DENS MULTIPLIER (FRACTION OR DENSITY) (DEFAULT=3)

HINC THERMAL INELASTIC NAME (DEFAULT=BLANK),

OR CONSTITUENT CROSS SECTION FLAG
(”RC" FOR RZ2GION CONSTITUEST, OR “CC” FOR CELL)

HCOH THERMAL ELASTIC NAMNE (DEFAULT=BLANK)

ENOD MATRIX MOD REACYION (DEFAULT=BLANK=TCTAL)

REPEAT CARD 7 NMIXS TINES

CARD 8 EDIT NAMES
HED NED BOLLERITH EDIT NANZS (6 CEARACTER NAXINUR)

CARD 9 EDIT SPECIFICATIONS
JEDPOS EDIT POSITION (USUALLY IF RANGE FRON 1 TO NED)
(-¥ TO PUT DELAYED GAMNAS IN GROUP § OF COUPLED SET)
HEDNAN NAME OF REACTION FRON MATXS
EDFACT NULTIPLIER (DEFAULT=1)
BEDNAT ISOTOPE BAME FROM NATXS (DEFAULTsBLASK)
IF BLANK, USE SPECIPICATION FOR ALL ISOTOPES

REPEAT CARD 9 NEDS TIMES

CARD 10 COLLAPSE SPECIFICATIONS (IFf ICOLL.§EK.O)
INPUT BUNBER OF FINE GROUPS IN EACR COARSE CROUP

CARD 11 INPUT FLUX FUBCTION (INITF=3 2NLY)
I FLUX FOR FINE GROUPS TO BE USED FOR
ALL ORDERS AND ALL REGIOSS

SPECIAL INPUT YALUES

HED=eCHRIe THIS POSITION TO CONTAIN FISSION CHI
BEDNAN=eCEIe DITTO
BED=oTRDe TBIS POSITION TO CONTAIN TRANSPORT

CROSS SECTION FOR DIFFUSION. IF A P31 FLUX
XS GIVES OR CONPUTED, TEE INFLO DEFINITION
VILL BE USED. OTNEAVISE, OUTFLO VILL BE USED.
REDNAN=eTRD®¢ DITTO
BEDseGANe TBIS POSITION 0 COBTAIN TEE FIRST OF BGG CANNA



PRODUCTION EDITS

B. Free Form Input

All input to TRANSX is free form with no limitation to fixed fields. Nunibers
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'ie following
entry to be repeated 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 1 -- NATERIAL ORDERED TABLES
0 1 01 ¢ 8 0 83 0O
30 2 3¢ 6 0 3 § 6 1 1
CARBON TUNGST U-238

o9/

1 CEAT/

V182 .203/

v183 .143/

vies .307/

vies .288/

v236/

[7~ 3 S B S BN RN N RN
- e sa e e
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HEAT
! HEAT 1.602E-19/ CONVERTED TO JGULE-BARNS
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 6F.12
cards (see Section 1V for a comnplete description of the interface files) in material
ordering. Fission will be steady state, and the BIIS transport correction will be
used. Because two tables are requested (Pg and 17)), the BIIS correction will
be derived fromn the P; data on the library. The table length of 31 is enough
to accommodate all 30 groups, the three standard edits (0,4, voy, o), and one
speci: dit. ‘There are no upscaiter 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 nawe the materials on the output file CARD. The materials lie in a
tegion wit! temperature 300 K (by default) and a blank name, but “region™ has
no» other .cpificance herv in the absence of an input flux or self-shielding. The
£iX mix instructions use dcfanlt valnes for simplicity. This table works as follows:
The materiai KMIX is mnltiplied by DEXS (defanlt=1.} and added into mixture
IMIX. 1 he nares used for HHIX mnst corre:iond exactly to material names on the
MALI'XS library. The use of atomn fractions {or DENS in mix 2 producas the correct
microscopic cross sections for natnral tungsten. lLater exaniples will show how (o
generate mixed macroscopic cross sections. The response edit “HEAT™ is intended
to give nuclear heating in watts/cm® when folded with a flux in a transport code.
The table works just like the mix table. The cross section HEDBAM fror the MATXS
library is multiplied by EDFACT and added into positinn JEDPOS. ‘I'he EDFACT shown
here converts KERMA factors {rom e% -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 name (e.g., HEAT) is only used for labeling the output. The
last card is read as the title for the next 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 Appendix 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 JFORM=2. See
Appendix A.



Samplc It Sem 3. C. nled Set

TEST 3 - TOUPT™D SET

0 3 0 3 » 1 0 3 ¢ O
42 2 46 0 90 ' y 2 3 2
AL-27

® o/

3 1 AL27/

HEAT

1 BEAT/ K& A¥D §: PARY

1 CGHEAT/ GG PART

STOP

This time outpnr in FIDO format was requested. As described in Section 1V-
E, FIDO suppresses mauy of the zeroes in the ontput file. The coupled option
was selected, and 12 had tc be given for the number of groups (MATXSS is a 30
x 12 library). The nn, ng, et gg blocks for AL27 are automatically moved to
the correct part of the conples <ot. The photoatomic data are really elemental
in patuge, but the MATXS file now coutains duplicate tables for cach isotope, for
convenicace, and it is no longer necessary to name both AL27 and AL in TRANSX
imput decks. The edit cross sections GHEAT and HEAT are also autoinatically moved
to their proper positions in the coupled set: the formes ends up as position 1 for
groups 31 to 42, the latter in groups 1 1o 30. A partial listing of the FIDO tables
is given in Appendix A,

Sample Problem 4. Cross Sections for GODIVA

TEST 4 -- GODIVA

291 0 1 +1 0 3 30 1%

20 4 34 0 U 1 1 3 1 0

CORE

CORE/

1 1 U222, .0450/

1 1 U:38 .002498/

1 1 U234 .000492/

CEl

19R1 11/ COLLAPSE OUT BOTTOM 13 CROUPS

6.80E-8 1.72E-7 65.78E-7 3.30E-6 1.88E-56 5.92E-5 3.52E-4 3.21E-4
4.00E-4 4.43E-4 4.6iE-4 B8.TSE-4 7.74E-4 5.90Z-4 3.53E-4 2.83E-4
6.30E-5 ©.77E-6 * .27E-¢ 1.62E-7 1.87E-8 2.23E-9 3.43E-10 3.50E-11
5.38E-12 2.29t 1. 9.18E-{3 1.30E-15 7.63E-19 1.59E-22/

STO0P

GODIVA is a bare sphere of enriched uranium that is often used as a cross-section
benchmark. 23 In tl:is example, macroscopic Py cross sections are produced directly.
As a resalt, it is not necessary to mix cross sections in the transport code. In ad-
dition to saving time and storage space, this approach allows a mixture-lependent
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fission y 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 :mprove 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 linear 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 heliun production rate in graphite. The '3C evaluation in ENDF/B-1V
includes an (n, a) reaction (called NA) and a continuum (n, n’)3a reaction (NCNAAR).
An edit for helium production rate (arbitrarily named ¥.H24) can be obtained us-
ing the following edit specificatious:

. Heq
1 W/
1 NCEAAA 3./

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

Sometimes it is useful 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
wese measured at the center of the GODIVA critical assembly.Z3 The following edit
specifications added to Problem 4 will provide the responses needed to compute
these rcaction rate ratios:

CII F26 F28 C256
2 NFTOT 1. U236

3 NFTOT 1. V238
4 NG 1. U2
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Note that the standard transport tables reserve NED words for cach 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 15 only read during the response function edit calculation in the Sy code.
The ONEDANT4 code uses this approach.

Sample Problem 5. Detailed Edit Table

TEST 6 -- EDIT TABLE
06 01 2100 0O
30 1 13 0 0 1 1 1 13 37
AL-27
AL-27/
1 1 ALY/
ELAS NNG N2 N3F NG BA
NP ND NT NEP NNA
N.18 N.4BE
NELAS/
BINEL/
¥76Pp -1/
p78p -4/
¥8OP -1/
¥81Pp -1/
¥e2a -1/
me3p -g/
Ne4P -1/
Nesp -1/
86 -1/
¥an/
3N/
%G/
[V}
5P/
¥/
5T/
10 ¥76P/
10 §78P/
10 N8OP/
10 ¥N81P/
10 ¥83p/
10 Ns4p/
- 10 Nesp/
11 N82a/
11 N86a/
12 wp/
12 N789/
12 N70P/
12 beop/
12 ¥eaps

O @ NANAEWMN NN N -



12 Ne4P/
12 N8sP/

13 I/
13 N8s2a/
13 N8ea/
sTOoP

The 27 Al evaluation includes some discrete-inelastic levels that decay by proton
or alyha 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 an:d 13 to obtain
the gas production cross sections for 'H and 4le, respcctively.

Note that the detailed aluminum edits are written incto 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 recuil 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 ¢nergy (auses electronic
excitations rather than displacements. The primary recoil atom loses some of
its energy ejecting another atom, giving a pair of displacements; each of these
generates another pair, and so on, until all the energy is uced up. The .umber
of displacements produced by this cascade is equal to the damage enesgy divided
by twice the encrgy required to displace one atom from its normal site. Various
values of the displacement encrgy are used in practice; rome valmes?? are Given in
‘Table 2, which can e used to determine the EDFACT needed t0 <onvert the damage
edit DAME irto a “Displacement Per Atom” (DPA) edit. The use of this fxictor 1s
illustrated below.

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

n4'Li—~%Li—p"+2a (850ms)
and

n4+ Al <= BAl BG4 0" 49 (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 r 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 b 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 duc 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:

SSHBEAT
1 BEAT/ PRONPT PART
1 BG 9.31E6/ DELAYED PART ¥RON 9.31 NEV CAPTURE GAMNMA

The photon source from neutron rcactions 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 Al 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, P'30TON SCURCE

01 0 3 1103 0O

30 2 47 0 0 1 1 1 14 4

AL-27

ALUN/

1 1 ALY/

BEAT DPA CAN GAN GAN GAN Gam
GAX GAY GAM GAK GAK GAX GaAM
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t BEAT/
1 NG 3.128R8/
2 DAME .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 0 31 1 0 3 00

42 2 46 0 0 1 1 2 { 2

AL-27

e o/

1 1 AL2V/

BEAT

1 ZEAT/ NN AND 3G PAAT

1 GHEAT/ GG PART

1 NG 1.126e¢68 AL27 / DELAYED NEAT AND GANNAS FOR AL2?
-8 ¥§C 1. AL2Y

1 ¥P 3.2e86 AL27

-10 P .72 AL27
-9 P .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§ 0.080E+8 U238
1 NG 0.160B+6 U228
i1 §F 0.580E+6 U238
-4 JF b5.996E-4 L2308
-6 JF 4.072E~3 U239
-6 §F 2.038E-2 U238
=7 BF 9.225£-2 U238
-2 §F 3.033F-% V238
-9 W7 1.442E+0 U230



-10 BF 3.304E+0 U238
-11 NF 4.726E+0 U238
-12 B§F 1.514B+0 U238

The heating part (position 1) includes the beta decay heating for 2*U and ?*°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 sclf-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).23
Sample Problem 7. ZPR.6/7 Spherical Homogeneous Model

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

01 01 1 3103 00

80 1 50 0 0 2 2 20 1 O

CORE BLANKET

CORE 300. 1. 1 10000/ ROMOGENEOUS SELFSEICLDING
BLAFKT 300. 1. 1 10000/ BONOGESEOUS SELPSRIKLOING

1 1 PU239 0.8672E-4/
1 1 PU240 1.1944E-4/
1 1 PU241 1.338-5/

1 1 U236 1.208-5/

1 § U238 5.78036E-3/
1 1 NONAT 2.387E-4/
1 1 NA23 9.2004E-3/
1 1 Ot6u .01398/

1 1 FE56 1.207R-2/
1 1 CRB2 2.7098-3/
1 1 U166 1.240E-3/
1 1 NS 3.12E-4/

2 2 U238 8.582-5/

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

2 2 016 2.4E-5/

2 2 FES6 4 637E-3/
2 2 CR62 1.208R-3/
2 2 NIS8 5.635R-4/
2 2 NESS 9.98R-5/
cEl

b

The ENDF/B-V1 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

34



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 80+43+1. 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-siee] 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 flux 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 :n E should be fairly well
represented by the mixture effect in region E plus the escape cross section for a
0.5588-cm slab with a Dancoff correction corresponding to outside regions 4.965-
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 extead only to B
and would, therefore, be 1.626-cm thick with the C4+D+clad composition on each
side. The P8V 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 A4+B4+C+D+E composition. Note
that the mean chord would de only one-half of the infinite slab value, as {y =
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.e., 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 i Na
in an $S304 can (1.270 cm), D iis an Fe;0; 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 oo values
for region [. It also negi«cts 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 Problemn 8. ZPR.6/7 Sph. Heterogeneous Model

TEST 8 -- ZPR-8/7 SPE. RETERO MOOKL
0 3 01 110390
80 2 60 0 0 2 7 WM 1 O
CORE BLABXT

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

BA 300 1.270 -6/

FE203 300 .3176 -6/

CLAD 300 .0381 -6/

FUBL 300 .2794 -6/

BLANKT/

0 1 MNONAT 5.0E-5/

0 1 FESS 4.4742-2/

0 1 CR82 1.267E~2/

0O § B5IE8 5.470E-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 $5304 end slab
(1.2223¢m), 2 is the U304 slab (0.6350 cm), 3 is the sodium (1.270 cm),
4 is the Fe;03 slab (0.3175), § is the cladding (9.0381 cm), and 6 is the
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fuel (0.2794 cm).

KN6S
U236
U238
o016
§A23
o016
FES6
NOEAT
FEbS
Chb2
1568
KN66
PU239
PU240
PU241
U235
U238
NONAT
PU239
PU240
PU241
U235
U23s

NOBAT
§A23

WOoONBABVAOROTRORRRRRANTNRNONEDEWNNDN -

1
3.

1
4
2
4
3
6
5
1
8
1
9
1
1.
6
2
2
8
1
1
7
5
2
3
2
9

.018-3/
3es-6/
.5728-2/

.T248-2/

.2368-2/
.T248-2/
.2158-2/
.3E-8/
.7068-2/
.6394-2/
.118E-3/
.41B-4/
.8506E-3/
.3088-3/
473E-4/
.178-6/
.TS84E-2/
.498B-3/
.8872E-4
. 1944E-4
.33E-6

. 14E-6
.468-6
.52038-3
.26018-3
.3572-4
.2902-3

cc/
cc/
cc/
cc/
cc/
cc/
cc/
cc/
cc/
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1 4 016 8.047E-3 CC/
1 2 0i6 6.0338-3 ¢c/
1 6 FE66 1.26B-3 cc/
1 4 FEBS 5.920E-3 CC/
$ 1 FE66 b5.7/8E-3 cC/
1 b CR62 4.96E-4 cc/
1 1 CR62 2.213B-3 cc/
1 65 NI58 2.27E-4 cc/
1 1 NI58 1.013E-3 cc/
1 6 MNN6E 3.9B-§ cc/
1 1 NN66 1.73E-4 cc/
2 7 U236 ©.56E-5/

2 7 U238 3.96179E-2/

2 7 MONAT 3.8E-6/

2 7 o016 2.4B-6/

2 7 FES6 4£.637E-3/

2 7 CR52 1.28BE-3/

2 7 NI68 §5.63SE-4/

2 7 NEES 9©.98B-85/

(1) 4

STOP

This run is »’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 output file. However, the macroscopic cross.
section for each region is calculated ard used during the sclf-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 containing 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 clerr from the way the multiregion cell was constructed that the homoge:
nized core cross sections cannot be computed by homogenizing regions 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 different 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 characterized by the preseace
of upscatter. In addition, therinal assemblies are often strongly heterogeneous
because of high absorption cross sections. Thermal upscatter cross sectlons 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 0 -- ORNL-1 BEBCENARK

01 01 110232 00
69 2 03 20 40 1 1 7 1 O
GLOP

GLOP 300. 1. 1 34.508/

1 1 B1 .066228 1§20/

1 1 016 .033738 FER/

1 1 Nis 1.869E-4 PFRSE/

$ 1 U234 5.20E-7 PRER/
1 1 U235 4.8066E-56 FRER/
1 1 U236 1.382-7 Mee/

1 1 U238 2.807E-6 PFRER/
CEI

STOP

This benchmark is modeled as an homogeneous sphere of urany! nitrate in water
without a container.17 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: Modecrator 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 {icl). 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
Zr(Z1H,) ZRH icl H(Z:H,)
H(ZrH,) ZRH el Zr(ZtH,)

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 atom as
bound in a molecule or crystal lattice, and the effects of the diffcrent 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 H;0 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

1 § CEAT §. GRAPE GRAPES/
2 2 BE9 1. BED BEOC/
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2 2 016 1. NONE/
3 3 H 6. CeHe/
3 3 CHEAT 6. NONE/
4 4 M 1. ZRE ZREY/
4 4 1. ZRE ZRES/

For sclf-shielding problenis like this one, it is necessary to define a mixture jn or-
der to calculate the oq values. However, the user often needs the “constituent” self-
shielded 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 93 20 40 8 1 :4 1 O
GLOP HI 016 Ni4 U234
U235 U236 U238

1 1 U239 2.807E-6 FRER/
2 1 81 1. cc¢/
3 3 o016 1. c¢/

8 1 U238 1. CC/.

‘The entry “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 REGIONS

05 01 2103 00

69 2 96 20 40 3 3 &5 4 3
FUEL CLAD NOD

FUEL 300 .75892 3 1.18 1.16/
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CLAD 300 .28085% -3/
NOD 300 1.78489 -3/
1 1 U233 6.263E-4 FREE/
1 1 U238 4.7205E-2 FREE/
2 2 AL27 5.3728E-2 FREE/

3 3 Hn1 6.676E-2 N20/
3 3 016 3.338E-2 PFREE/

CBI F238 F235 C238

2 NFTOT 1 U238
3 §FIOT 3§ U236
4 3G 1 U238

STOP

The TRX-1 thermal benchmark?3 is a hexagonal lattice of aluminiuin-clad pins of
enriched-uranium in water. The heterogeneity option IHET=3 is uscd to conpute
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 gronps 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 204+69+3+4, so all downscatter
groups will be kept.

The output P, 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:

1

2-1 INFINITE LATTICE CELL - 69 GROUPS - EEDF/B-VI
DIMNENS= 2 69 8 333440 7T
INESH= 0. .49156 .5042 .67563 ,9482 XINTS= 17 3 3 17
ZOWES= 1 0 23 T
LIB= KACRIS T
ASSIGN= MATLS T
SOLIN= 1 1 00 3 SOLOUT= § 000000 1 NORE=1. T
RZNFLX= 1 T

Note that no mixing is done in ONEDANT becanse the MACRXS file already con-
tains the appropriate macroscopic cross sections for the two regions. The two key
statements are LIBsMACRXS 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 31 -- TRX-3 INF. LATTICE CELL
0O 6 01 231 0 3 00 3

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

FUEL 300 .76892 3 1.156 1.18/
CLAD 300 .28088 -3/

MOD 300 1.78489 -3/

3 t U236 6.263E-4 FREE/

i 1 U238 4.7206E-2 FREE/

1 2 AL27 6.1728E-2 FREE/

1 3 Bl 6.676E-2 B20/

1 3 016 3.338E-2 FREE/

CHI F238 F238 (238

2 NFTOT 1 U238

3 SFTOT 1§ U236

4 5G 1 U238

46 24/

STOP o

The entire self-shielding calculation is repeated, but this time everything is homog-
enized into INIX=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 cross-
section output. Some of the output files are simple card-image files, but the inter-

face files2® 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 numnber of shortcomings that nave n'ade them difficult to use
outside of the fast-reactor community where they we-e developed. ISOTXS is
limited to a particular set of reactions 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 energy cross sections, and it does
not allow for the partial cross sections needed for sensitivity analysis. BRKOXS
doesn’t provide for self-shielded group-to-group scatter'ng cross sections. ISOGXS
has the saine 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 principie 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 ¥2N, it is trivial to add additional reactions such as XERMA
or DPA. The second crsign principle was that the file would be designed to hold
sets of vectors and rectangvlar 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 natrices, it can also handle 4~ 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 particle 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 contaix photon production cross sections versus neutron group. Then,
each data type was divided into materials and submaterials. A material might be
a particular isotope or mixture (e.g., U238 or SS304). Each submaterial could
then repr:isent a particular temperature and background cross section in a basic
library, or perhaps a particular region f~- a reactor. 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

3He

Alpha (‘He)

> X - O v O =

'fhble 4: Particle types defined for current MATXS libraries.

to a given data type and have a given temperature and background cross section.
‘T'his 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 NPART refers to the list
of particles found in the file (2.9., ¥, G, B); each pasticle 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. WMAT is the aumber of materials given in the library. MAZW
is the maximum size of a trecord 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 LOCH vector. The
LOCY vector makes it easy 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  [I’roton scattering

PN I’roton-to-necutron matrix
] 4 Neutron-to-proton matrix
cle.

Table 5: Data types defined for current MATXS libraries.

maximum record size reasonable, the vectoss 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 theral scattering. Any reaction that can be named can be
stored in MATNXS.

The convention used for naming most reactions is clear from the example in
Appendix H (¢.g., NG, MA, or N2K). The syinbols NNTO. N¥T1, XTOTO, and NTOT1 refer
to the llux- and current-weighted components of the library weight function and
the neutron total cross section. Fission may be split into the partial reactions NP,
MNF. and N2NF; in any casc, YFTOT is the total fission reaction. Discrete-inelastic
scattering in ENDF is denoted by the level plus 50; thus, MT51 is (n,n}). On the
MATXS library, this is given as NO1. If the level decays by particle emission, the
particle ide .tifiers are tacked on after the number (e.g., W62DAA). 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
Scc. 11-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 inelastic part by a $ sign on the end of
the name.

17



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 scattering, GPAIR for pair production, and GABS for photoclectric

absorp.:n.

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 libraries are the same as for the corte-
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 structurcs 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 regular total flyx, which is normally used to give the :*) flux
by fine mesh interval. TRANSX uses it as if it contained region or cnarse 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

fegular zone averaged flux.

What TRANSX recally nceds are the Po, Py,... moments of the flux given by
coarse mesh regions. !owever, as all Sy codes have ¢y, ¢), ... 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 moinents becomes mose complex for
cylindrical or two-angle plane geometry when the associated Legendre functions
appears in the formulas. A good discussion of the ordering used in the Los Alamos

transport codes appears in the ONETRAN l'epoﬂ."’6 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 » »ut file starts with a block for the first
i egendre order of the first material, then gives the second order, third order, and
80 on. The filc 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 contiaue with all the
positions for the second group, efc., 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=1. 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~a 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 NED 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 lL.egendre order and a sequence number in co'lumns 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 F1D0, 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 ficld 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 lock. The tables are much more compact
but harder to read. Some FIDQO 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 hatween 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 Alanios 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 alinost delta-
function forward scattering. Los Alamos tables will have P2 P;>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 specification?0 is reproduced in Appendix F.

When selecting 1SOTXS output, the edit names can be STRPL, SNGAM, SFIS,
CHISC, SHALF, SHP, SN2N, SND, or SNT. The first and second must be present (TRD
and NG, respectively), and SFIS must be present (if not zero) to allow ¥ to be
calcutated from vo;. The others are optional. As an example,

$ I0UT=8, NED=9, FEDS=9

CEISO STRPL SNGAN SFIS SE28
SEALF SEP SED SEY/

cs1/

™D/

G/

§rrot/

»2n/

58/

wp/

~NAOE WD -
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8 up/
9 81/

The ordering of the names is not important. Note that the edit specifica-
tions for SKD could load HEAT or DAME into the corresponding 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-absorption edit from SNGAM
#SFIS+SNALF+SNF+SND+SNT-SN2N. A separate vector chi is computed for each iso-
tope with fissior. but no set chi vector or matrix is provided.

The outpnt coding produces a total scattering matrix only. It uses the cption
in which a different “block™ is used for each Legendre order. Subblocking is not
used, so the scattering blocks cach 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 ont in Section 11, gronp ordering is the natura! organization of the
cross sections in an Sy code. Using a group-ozdered library file saves the tinie
required to flip the data from material to group ordering, and it allowe large group

structnres to be used.

The GOXS (ptonounced go-ex-ess) file is described in Appendix G. It was
designed as a CCCC-compatible binary fle to provide an efficient internal cross-
section representation fo7 any Sy code. It is co:npatible 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 names for materials
and reactions enables the code designer to produce a very readable 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 thei compatible with
the SNXEDT file 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 min-

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 memosy, if

desired. Thus, GOXS is just an image of the internal data representation of the
transport code giving maxiumum efficiency in data transmission. ONF.DANT 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.12. 13. 14. 15 74 of ver-
sion 2.0, the preferred libraries for TRANSX are based on ENDF/B-V]. 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 neutron groups and 12 photon groups (30 x 12) that
inclides 117 n.aterials from ENDF/B-VI. Photon production and photon interac-
tion are included, but self-shielding isn’t. 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 M).

MATNXS10 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 library 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. 1t includes neutron data for 100 materials (including 13 Dosimetry
isntopes), photcn production for 65 materials, and photan interaction cross sections
for R7 elements. Several special Los Alamos evaluations 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-V! intended for fast-reactor analysis.
However, the group structnre and weight function used also make MATXS!11 a
reasonable clioice 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. Sce
the INDEX for a complete list.

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

low photon energies 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. MATXSeé

This 80 x 24 library is similar to MMATXS11, except that it was prepared from
ENDF/B-V. Theie are 148 materials, including 72 with photon production.

E. MATXS12

This is a 69 x 24 library from ENDF/B. V] 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 thesrmal 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 ase 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 self-shielding data in one unified package.

The photon data are the same as in MATXS11, 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 3Py 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 MATXSI{,
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 inaintained using the U'PD code,'n which is simiiar in concept to
the UPDATE code used on Cray and CDC systeins. It keeps a histury 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 transport 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 somstimes 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 r-amed sections
with “eDECK name” cards. However, TRANSX uses only the single deck named
“TRANSX.” For simplicity, there is no counterpart to the binary “program library”
used in the UPDATE system. T: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}
o/ 6 JAN 92 -- ISCREASE SIZE OF NALIN CONTAINER ARRAY
oD TRANSX.182
DINZNSION A(500000)
oD TRANSX.222
NANAX=500000
*IDEST VERS
¢/ VERSION UPDATE FOR TRANSX
oD TRANSX.12
c VEAS. 2.1 (6 JaAN 92)
D TRANSX.216
DATS VERS/®* VERS. 2.1 (6 JAN 92)°/
+IDENT UNICOS
9/ mmmmmcccccccc—a—— cow
¢/ NACHINE-DZPEBDEST CEANCES TO TRANSX
¢/ FOR CRAY-XINP NACEINES USINEG UBICOS AT LOS ALANOS
o/ o
o/ ELAPSED TINE
oD TRANSX.3800
CALL SECOFD(TINE)
o/ DATE
D TRANSX.3816




CALL DATE(HDATE)
¢/ WALL CLOCK TINE
D TRANSX.3826

CALL CLOCK(BTINME)

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 command 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. Th:s 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 fcr QA purposes
to include comments in each ident that describe the purpose of the change. (t 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 UPS
increments the TRANSX version to 2.1; UP2 would give 2.2; and s0 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 liael,1ine2

¥ *,1ine2" is omitted, 1ine2 is taken to be the same as 1inei. 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

ol lines

Any text following the commanad is inserted after the named line. There is also a
“before” command:
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*B linel

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

B. Code Conversion

TRANSNX is designed to be converted casily between long-word machines (CDC,
CRAY) and short-word machines (IBM, VAX, Sun). All Hollerithk variables begin
with the letter “H” and can be defined to be donble-precision with a statement
like IMPLICIT REALs8 (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 miachine-dependent
variable MACHWD fcr the number of characters per machine word (MACHWD=10 ‘or
CDC, 8 for CRAY, and 4 for IBM, VAX, or Sun).

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

*IF SM
INPLICIT REALe8 (B)
eELSE
INPLICIT ISTEGER (N)
*END1IFP

The user only has to be sure to include the line “oSET SW”™ in the UPK input file
for the UPD rua (put it before the first “ident”).

After these changes have been made, there may stilt be some incompatible
system calls connected with input/ontput, 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 cnde. The subroutine TIMER is used to obtain elapsed CP
time in scconds. DATER is used tc obtain a date stsing (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?? subroutines SEEK, REED, and RITE. l.ocal optiinized versions may be
available at installations that use existing reactor-physics codes. RITE is used to
write a binary record and is very simple. REED is used to read binary records, but
the reads may be nonconsecutive. At Los Alamos. ncnconsecutive reads are sup-
ported using forward and backward record skipping. On some 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, ontput, and tty units, and the FILEREP call to enable reassigniment of units
or the execute line (e.g., transx inputs=testi,output=outl). Seme systcms inay

require explicit OPEN statements for these units.

C. Storage Allocation

TRANSX uses variable dimensioning and dynamic storage allocation for ef-
ficient use of available memory. If insufficient memory is available, pagiag and
multiple passes through the library file are used. This allows very lasge 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 librasy
file, produces the cross scctions for the first set of materials and orders, and writes
them out on the outpnt file. It then rewinds the data file and repeats the entire
process for the second set of materials and orders. This process continnes until
all the desired materials have been produced. The minimum set is one Legendre
order and one material; if this does not fit, gronp ordering can be used.

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

This paging strategy allows TRANSX to be run on small machines if necessary,
but if a 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 easiiy by changing the
two statements DIMENSION A(300000) and HANAX=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 gp values ate computed and
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printed, and the code repeats the process for the next group range, JGLO to JGHI.

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) o7 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(LINIX+1), A(LINIX+2), elc.]. The 2xception is the heterogeneity data IHET,
CHORD, etc., 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 are 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. INIXR 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 stasting at LEUNIQe1). The array
JHIX contains pcinters to the unique material for each mix specification (or zeso if
the material is a constituent material), and the array KNIX coutains a counter that
distinguishes between tic <-1hsequent occurrences of a unique material in the mix
specifications. Finally, MAXU 1: 't largest number of times any unique material
occurs. It is used later for dimensiviuif the FGAN and FFIS arrays.

If a spatial collapse is indicated by the iapus ;. fnmmands, the Sag ISPC
is set. In addition, TRANSX twtny.ites the &f) volus. " from the region
volumes RVOL given by the usc:  'h# yi- - 2 A the pogjnn : - the cell

61



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 fine 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 LFLUXe14,
and the fine-flux array starts at the location

LFLUXsNGROUP*NNIXe (NLRAX®1).

The use of NLMAX+2 orders provides for the flux moments nceded for inflow trans.

port corrections.

If an input Rux file has been defined, it is read following tke 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-shielding has been requested, the appropriate background croes sections
and self-shielding factors are computed by calling subroutine SIGZER. This rouatine
uses temporary storage defincd 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 used to normalize chi; that is, the denominator of
Fq. (19). LPNU points to the array of prompt fission & values. LDNU and LDCHI
point to the delayed-fission data. LS¥IS is a pointer for the microscopic infinitely
dilute fission cross soction of the current material. LSGAM is used for the micro-
scopic infinitely dilute capture cross section. LFFIS and LFGAN arc used to store
the self-shielded cross sections for fission and cazpture. LABSC is a pointer to the
array used to accumulate the particle-balance absorption by the direct method.
And finally, LTERPT locates the asray of interpolation factors used for temperature
interpolation.

Next, the storage above LC is allocated for the cross-section table using different
strategics for material and group ordering, as described in the preceding section.
The maximum numbers of maierials, orders, and groups that caa fit into memory
at one time are NMMAX, NLNAX, and BGHMAX. The parameters INLO, INHI, ILLO, ILKI,
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 accuinulating the appropriate cross sections into the transport
table. This is done by calling subroatine RMATXS. When the subroutine returns
control te the TRANSX level, the accumulated cross sections for the current range
of raterials or groups are ready to be printed nut 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 NIM=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,
SW2M, elc.) only. The pointers LLSFIS, LLSN2X, efc., 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 ¥12 to make the outpui 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, material, group)
starting at LC. The logic needed to writc the tables is fairly clear from the coding
for printed output. The GOXS output routine NGOXS writes out all the response
edits specified in the TRANSX input, but they are reordered so that the first four
vectors are always O, 9, 70y, and x. The transport cross section for diffusion
TRD is written next if available. The scattering matrix is packed to minimize the
namber of zeroes written to the output fiie.

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 LMCHK), 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
do. 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). All
background cross sections except infinity (1.E10) are skipped in RMATXS because
the self-shielding calculation has already 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 itself to linear interpola-
tion. Because each material may occur in several different mixtures or regions, the
interpolation weights are stored in an acray 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 aeral procedure is to loop over the complete
set of reactions needed for the transport tables and edits. For each group, the
selected croes 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
definition 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 Jdata

for each particle are read into the ¥IH array using the offset JC1, and the WTREAD
flag is set.

If an elastic scattering correction has been requested (INITF<O), the expansion
cocflicients 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-shiclded 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 cross 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 cffects to be incorporated by using the TERPT factors.

The block of coding that loads the o,, 0),, aad 7,., positions is especially
comnplex because of the transport correctio:. options defined by Eqs. (7) through
(13). The Pp 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 Pg and P, total crow« sections to the total and in-group
positions are made here alzo, 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 FFIS 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 Po if P, is not available), and the total P, scattering
cross section is computed and subtracted later during matrix processing.

The thermal cosrection to the tot2l croes section was described in Section I1.J.
Note that both the absorption and total positions are involved; if the reaction
is elastic, the cross section is subtracted, and if the reaction is the coherent o1
incoherent one specified in the mix specifications, the cross section 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.
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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 shiclding 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 looy 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 than MAXW words. Or it may
be a constant spectrum or production cross-section subblock. The coding after the
comment “SCATTERING SUB BLOCKS” handles this loop over subblocks.

If the current submaterial is necded for one of the accumulating mixes, the
code sets up a loop over final energy groap (sink group), initial energy group
(source group), and l.egendre order. The group-to-group cross sections XSNOW for
each order inay co.tain a matnx 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 sell-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 ni-
croscopic cross scction XSNOW is converted to a isacroscopic cross 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 matricss 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 pasticle-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 Jux and summed
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over soufrce group: to get the prompt part 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 Poy in PNU. When the reuction loop finishes, the data in PNU are
1r:- “ntly converted to & by dividing by o, which was saved at L5FIS during the
o0 ng of the vector cross sections.

Aft.  the end of the submaterial loop, &ll of the effects of self-shielding and
te o sx.ure have been included in the cross sections. The contributions from
s 1rneorial to the prompt or steady-state va.ues of foy are then added into
{1 1745 port table. Any delayed contributions to CHORM, the denominator of the
¢ sprexvon for x, are also added in here.

Vais process is continued unti} all materials have been processed. The fission
< is %1 'n normalized nsing the data in CNORM. In addition, the particle-balance
abscrr ion 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
zull 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 JOLO and JGHI). The input
MATXS file is read once for each page of groups.

The file data is already in place at pointer L3, 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 RMATXS, 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), where 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 appropnate to
IMX before being stored in SIGS. The cods 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 De computed by iteration. The code begins a loop over all the “real”
materials in the mix specifications. The current material IMX 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), where the sum runs over all the other materials in IRG. The code then
begins to calculate the escape part of op.

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 aums 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 t4e ccll starts from
IRG and noves to the right, summing the product of the macroscopic total cross
section for each region titnes the thickneas 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 jurps 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). Whena a region containing the current materials is reached,
the code repeats the entire process sweeping to the left. The final results are XXR
and XXL, which can be used for Ag and Az in Eqs. (33) or (34). Note that regions
a! periodic boundaries have their full thickness, but only half the thickness is given
for regions lying nn reflection planes. The calculation of the escape cross section
can now be completed using Eq. (35).

Finally, the escape part is added into gg, the new (’g is checked against the
pievious value, and the loop over materials and grougps is continued. If convergence
toc within EPSZ has been achieved for all groups and materials, IS0X 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.

MIX INPUT ERROR

Either INIX or IREG has an unreasonable value. Check your input. Once
again, there may be a missing teriminator 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 tard 10) must be equal to the number of
finc groups entesed in ICOLL on input casd 2.

INCONSISTENT FLUZ FILE

This message usually means that the group structuse on the flux fi.e does
not agree with the structure implied 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 varioas 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 paramete:s, rspecially for complex coupled sets.

STORAGE EXCEEDED FOR LSS

There is pot enough storage availabhle for the self-shielding calculation. Either
reduce the number of mix specifications and/or the aumber 4f groups, or
increase the size of the main container array. The instruztions on how to do
this are given at the Leginnirg of this section. :

INSUFFICIENT STORAGE FOR MATERIAL ORDERED FORM

This message means that not even one Legendre order of one 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. Sec 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.

TENPERATURE OR SIGMA ZERO MISMATCHED

This message comes from SIGZER. It results from trying to match the T and
0p values for one submaterial with the list of possible T and o values for all
the subinaterials in the material. It should not occur.

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.

SEEXK--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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VII. 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 subs:t 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 thie 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 information 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 copled from the comment cards near
the start of the BBC source file.

--=-10PU7%

CARD
11NPP 1NPUT I'ILE TYPE
3 BINARY (NANE = NATIS)
-1 CODED (BANE = TEXT)
100TY OUTPUT FILE TYPR
o 20
1 DBIBARY (NANE = NATES OR RODOUT)
-1 CODED (NAME = TEXIT OR NODOUT)
1K00F NODIFY FLAG
O NO KODIFICATIONS (DEFAULT)
1 RODIFICATIONS GIVER

L1stY L1ST OPTION

0 NOT LISTED

¢ LISTED (DEFAULT)
152 INDEXI3C OPTEON

9 NOT ISDEIRD
1 INDEXED (OEFAULT)
CARD 2 (LIST.§R.O OBLY)

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

~NOAOs LW~



8 VECTOR BLOCX
9 SCATTIRING NATRIX COSTROL
10 SCATTERING SUB-BLOCK
ONE VALUB FOR EACE RECORD TYPF.
, 0 NOT PRINTED, 1 PAINTED.
CARD 3 (INQOF.NE.O ONLY)

HOPER NODIFY OPTION
S SELECT NATERIALS FROX NATIS INPUT FILS
I INSEAT NMATEATLLS FRON NODINP FILE

BNATY FIAST NATERIAL 1IN RANGE

INAT2 LAST MATERIAL (DRFPAULTSENATI)

REPEAT CARD 3 UNTIL A BLANK LINE IS READ

CARD 4 (IMODF.NE.O ONLY)
NEVWVER EEV FILE YSRSION EUNBER
BUSER NEV USER ID STRING (UP TO 16 CEARS)

CARD 5 (IKODF.NE.O ONLY)
BLINR LISE OF NEV BOLLESRITE ID DATA (72 CEAR NAX)

AEPEAY LINZ 6§ FOR RACS LINE OF TEE NEV BOLLERITS
DATA ALOCK. TERNINATE VITE AN ENPTY LINE. 1IF NO
LINES ARE READ, TEE ORIGINAL BLOCK IS UNCEANGED.

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
frorn binary to BCD wonld be

and to go from BCD to binasy,

-1 1 ¢ 00

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
1 158 18 4/

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 contzins only tl.e materials of interest.
For example, a special librazy to run the TRX benchmark calculations could be
prepared using the following input:

1 1 00
81/

016/

AL27
U238/
v23e/

Nyl -

112 *T2LANL BBCe/

*SHOATENED VZRSION OF NATIS12¢/
oFOR TRX 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 to insert 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 likrary. Assuming that the MATXS10
library hzs been copied 10 the file MATXS, and that a new version of the *B data
is on unit KODINP, you srun BBC using the following input:

1 ¢ 0 0 1

S N 810

I B1y/

S CBAT BS283 /
10 oT2LANL BBCe/
/

Note that ''B is replaced and that the original version number and Hollerith
descriptive text are used for the new library. The output file NODOUT 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.
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INPUT WUST BE BINARY FOR MODIFICATIONS

Because modifications can be cpecified du aiy ordas vt jo /- bsempy b
nary files for both MATXS and ISODINP. The randuis «ssr :'*:u/,}jm.a "1
REED can then te used to jump to the decized matenals. Existicy i7" D files
van be converted to binary using s’ ~arate BH r1na bef.re the mod-fics’
run is made.

TOO MANY MATERIALS, CHANGE NUCS
Several arrays that depend on the number (§ matrmpds. v i. aeesi . wd hy
NUCS. If more materials are needed, this pumber caz ve .. i b= by T4
NUCS=200 in the parameier statement it the start of Sh¢",

TOO MANY VECTORS, CHANGE NVEC
Several arrays that depend on the number of react:: .. + iedimi 2w 4
by NVEC. If more names are needed, thi« number cat.. - - -aned by - .;yung
NVE(:=150 in the parameter statemeat at the stas.: 1 st

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

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

SEEK--NO0 UNITS AVAILABLE hname

Seek assigns unit num’ers between 10 ami: 19. This error means thut more
than 10 units are opes. It should not ooxmr-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 from 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 JAN 92)
TRANSPORT CROSS SECTIOSS RAN OF 01/22/92
FROK XATIS LIBRARIES AT 14:82:08
TITLR

TEST 1 -- NATERIAL ORADEURFD TABLES

OPTIONS
IPRINT 0 (0=LONG/1sSNORT)
10UT 1 (O«NONE/1=CARD/22CLAN/3=FID0/4=4N188/62C0%XS/621S0TIS)
IPROS 0 (OsDIRECT/1=sDJO.NT)
ISET 1 (1=NN/23GG/3sCOUPLED)
IFORN 1 (1=NATVISE/2sCROUPVISE)
ITINE 1 (1=STRADY-STATE/2=PRONPT)
IDECAY 0 (RESERVED)
ITRC 3  (UsNO TRANSPORT CORR/1=COSS.P/2¢DIAGC/32B-8-S/421FFLOV)
ICOLL 0 (0s¥0 COL’.)P32/¥? 1NE=COLLAPSE)
I9ITP 0  (O=LIBRLRY TLUX/1=P0 CARDS/2eRTPLUL/3sKINFLY/FEG FOR ESC)
PARANETERS
NGROUP 30 GROUPS
[ 2 TABLES
BTABL 34 POSITIONS IN TABLE
wr 0 UP SCATTER GRUYPS
TG O BUNBER OF TSERNAL GROUPS
ENIX 3  NIIES OR RATZRIALS
IREC 1 REGIONS
EAIXS 6 NIXITURE :YECIFICATIONS
) | 4] 1 EiTRA ED17 POSITIONS
Ips 1 IEDIT SPECIVICATIONS
NIX NAFES
1 CARDOS
2 TUNGST
3 U-228

S



REGION TENP{K) SIZE  NLTEROGRBIETY
1 3.000E+02 1.000E+00 0
SPEC MIX REG NUCLIDE DENS1™Y TRIBNAL NATRIX NOD
1 1 1 CHEAT 1.000E+00
3 2 1 wis2 2.6302-01
3 2 1 N8 1.430E-01
4 2 1 vise 3.0708-01
8 2 g vise 2.8602-01
e 3 1 V23 1.0008+00
EDIT NAMES
1 REsT

1 BEAT 1.6028-19

INPUT MATIS FILE
FILE ID RATXIS T2LANLJOY VERS 10
30X12 [ IBRARY PRCH ENDP/B-VI, JAN 1992

NATERIAL-ORDERED CROSS SECTION TASLES
WORDS AVAILABLE FOR TABDLE = 6120
NUMBER OF OUTPUT MIZTURES PER PASS = 3
NUNBER OF LEGESDAE OADERS PER PASS = 2

0.18

FINE FLUX FOR REGION 1 SUN 3.4360R+07
3.723E+03 7.3928+04 1.906L+04 1.4108404 2.312B¢C4 4.396K¢04 ...
5.408E+05 1.176L¢08 1.031E+08 7.341E+05 §5.800E+05 1.1668+0¢ ...
1.168E+06 1.154E+06 1.1562+06 1.184E+00 1.166E+08 1.15688+08 ...

o CARBON PO 2e

POSITION GROUP 1 GKOUP 2 GROUP 3 GROUP 4 ...
1 REAT 4§.840E-13 4.141E-13 3.720B-12 2.848%-13 ...
2 ABS 6.273E-02 6.843K-02 8.8038-02 0.783k-02 ...
4 TOTAL 9.122E-01 §.808R-01 ©.027E-0: 8.613%-0% ...
& IBGR? 5.0622-02 6.846E-02 1.131E-0% 1.2538-03 ...
6 0.C00B*00 2.610E-01 1.8985-6G1 2.337%2-01 ...
7 0.0002¢00 0.000K#00 8.684K-02 1.306E-01 ...
8 0.0002+00 0.000E+00 0.000E+00 1.201E-01 ...
9 0.000E*00 0.000E¢00 0.000KE¢00 0.000E¢00 ..

10 0.0002+00 0.0008400 0.000E+00 0.0008¢00 ...
11 0.000R+00 0.000E400 0.000400 0.0008400 ...



12
13

©.000E:")0
0.0008+00

s CARBON P1 ve

POSITION

e TUBGST PO

POSITION

GROUP 1§
-3.6506E-03
0.0008+00
0.000E+00
0.000E+00
0.0008+00
0.000E+C0
0.000K+00
0.000E¢00
0.000E+00

7.722E-14
-2.338E+00
2.778E+00
4.182%-01%
0.000%+00
0.000E+00
0.000E+00
0.0008+00
0.0008+00
0.0008¢00

0.000K¢00 0.0008+00
0.000E+00 0.000R+00
GROUP 2 GROUP 3
1.6098-02 5.007B-02
1.6358-0* 1.127£-01
0.000E+00 -1.0728-02
0.000E¢00 0.0C0L+00
0.000E+00 0.000E+00
0.000E¢+00 0.000R+00
0.000K+00 0.000E+00
0.0002+00 0.000E+00
0.000K+00 0.000L+00
GROUP 2 GROLP 3
0.3952-14 5.75%0E-14
-2.016E+00 -1.9'8E+00
2.889E:00 2.902K+00
5.876K-01 7.029E-01
9.812E-02 5.632E-02
0.0002+00 2.1142-02
0.000E+00 ©0.000E+00
0.0008¢00 0.000E*00
0.000E+00 0.000E+00
0.000E+00 0.0008+00

0.000K+00
0.000E+0V

4.900K-02
3.6028-02
-5.0708-023
3.4102-02
0.000E+00
0.0008+00
0.0002+00
0.000K+0C
0.000E400

5.206E-14
-1.660E+00
3.139E+00
e.8258-01
6.5232-02
3.3972-02
6.000%-02
0.0008+00
0.000£+00
0.000K400

Sample CARD Outgut

CARBON PO 34X 30 TabLE
4.840462-13 6.27280Z-02 0.000002+00 9.122038-01 6.061728-02 0.00000E+C0
0.000COE+00 0.00000E+00 0.00000E+00 0.000C0Z+00 0.000008+00 0.000002+00
0.00000£+00 0.00000E+00 0.00000E+00 0.00000K+00 0.000008+00 0.000008+00
0.000008+00 0.000002+00 0.00000K¢00 0.00000£+00 0.00000E+00 0.00000E+00
0.000002+00 0.00060Z+00 0.00000E+00 0.000008+00 0.00000R+00 0.00000K+00
0.00000Z+00 0.000008¢0C 0.000005400 O.CGO000K+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 0.00000£+00 0.00000E+00 0.00000E+00 O.000008400 0.00000E+00
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0.0C000E+00 0.00000E+00 0.000008+30 0.00000K+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.000008+00 0.00000E+00 O.00000E+00
0.000002+00 0.00000E+00 0.00000E+00 0.00000E+d0 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 3.719698-13 8.89298E-92 0.00000E+00 9.02727E-01
1.13132E-01 1.69613E-01 8.68378E-02 0.00000E+C0 0.000008+00 0.00000E+00
0.000002¢00 0.000002+00 0.00000E+00 0.000008+00 0 00COOE*00 0.00000E+00
0.00000E*00 0.00000E*»00 0.0000IE+00 0.00000E+00 C.00000E+00 0.00000E+00
0.00000E+00 0.00000E*00 O.000COE+00 9.00000Z+00 0.00000K+00 0.00000E+00
0.00000E+00 0.00000E+00 0.000008+00 0.00000E+00 0.00000K+00 0.000008+00
2.64774E-13 0.702668-02 0.000008900 8.61281E-01 1.26263E-01 2.33726E-01
1.394565E-01 1.20101E-01 0.000008+00 0.00000E+00 0.00000K+00 0.00000E*20
0.00000E+00 0.00000E+00 0.000008+00 0.20000£+00 0.000008+00 0.00000E+00
0.00000E+00 0.00000E¢00 0.00000E+00 0.000008+00 0.00000E+CC 0.00000E+00
0.00000E+00 0.00000E+CO 0.000008+00 N.00000E+00 0.00G00E+0v 0.00000E+00
0.00000E+00 0.00000E+00 0.000008+00 0.000008+00 2.127418-13 1.40423E-01
0.000008+00 9.23660E-01 9.451048-02 2.173098-01 §.53811K-01 1.26440E-01
5.05288E-02 0.00000E+00 0.000008+00 0.00000E¢00 0.00000K+00 0.00000E+00
0.00003E+00 0.00000E+00 0.000002+00 0.000C0E+00 0.00000E+00 0.00000E+090

CARBON P1 34X 30 TABLE

0.00000E+00 0.00000E+00 0.00000E+00 0.0N000K+00-3.5694818-03 0.00000L+00
0.00000E+00 0.00000E+00 0.00000E+00 0.C20008+00 0.00000E+00 O0.00000L+00
0.00000£+00 0.00000E+00 0.000008+00 0.0nUOOK+N0 0.00000E+00 0.00G00E+00
0.00000E+00 G.00090E+00 0.00000E+CO 0.C0000E£+00 0.00000E+00 0.00000K+00
0.00000E+00 0.00000E+C0 0.0C000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.000C0E+*00 0.00000E+00 0.00000E+00 0.0GO00E+00 0.00000K+00 0.00000K+00
0.0C000E+00 0.00000E*00 1.S08558-02 1.684738-03 0.00000K+00 0.00000L+00
0.00000E+00 0.00000E+00 0.00000E+00 0.CO000E+00 0.000008+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 O.00000Z+00 0.00000L+00 0.00000L+00
0.00000E+00 0.00000E+00 0.00000K+00 0.00000E+00 0.00000K+00 0.00000E¢00
0.00000E+00 0.00000E+00 0.00000E+00 0.00C00EZ+00 0.000C0K+00 0.00000K+00
0,00000E+00 0.00000E+00 0.00000K+00 0.00000E+00 0.0€(000K+00 0.00000E+00
5.007428-02 1.12206E-01-1.07248E-02 0.00000E+00 0.000008+00 0.00000E¢*00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000£+00
0.000008°00 0.00000E+00 0.000008+C0 0,000008+00 0.000008+00 O.00000E+00

TUBGST PO 34X 30 TABLE

7.72240B-14-2.338292+00 0.00000E+00 2.77838E+00 4.15169E-01 0.00000K+00
0.00000E+0C 0.00000E+00 0.00000E+00 0.00000E+00 0.00000K+00 0.000005+00
0.000C0E+00 0.000002¢00 0.000008+00 0.00000L+00 0.00GO0E+00 0.0000K+00
0.0000CE*00 0.000002+00 0.000008+00 0.00000E+00 0.000COE+00 0.00900K+00
0.000002+00 0.0C000E+00 0.000008+00 0.00006E+00 0.00000£+00 0.00900K+00
0.0G000E+00 0.00000E+00 0.00C00E+00 0.00000K+00 6.304083%-14-2.01884K+00
0.000002+00 2.88828E+00 5.876638-01 9.61161E-02 0.0G000L+00 0.000008+00
0.00030E+00 0.00000Z+00 0.00000E+00 0.020008+00 0.0C000K+00 0.00000K¢00
0.00000E+00 0.00000E+00 0.00000Z+00 0.000008+00 0.000008+00 0.00000E+00
0.00000E+00 0.020008+00 0.00000E+00 0.00000K+00 0.00000E+0C 0.20000K+00
0.000G0E+00 0.00000Z+00 0.00000K+00 0.00000K200 0.C0000E+00 0.000002¢00
0.00000Z+C0 0.00000E+00 5.76040E-14-1.91808K+09 0.0C000R+00 2.98227R+00
7.02909%-01 5.63160E-02 2.113838-02 0.000008400 0.00000E+00 0.00000K+00
0.00000E400 0.00000E+00 0.00000K+00 0.000008+00 0.00000K+00 0.00000%+00
0.00000K+00 0.00000E+00 0.000008+00 0.00000E+00 0.00000K+00 0.00000K000
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Sample Prgblem 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 SECTION vABLAS

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

ol”

os JR0UP { oo

POSITION CARSON PO CARBON P1 TUBGST PO TUNGST P1 ...
1 BEAT 4.640E-13 0.000E+00 7.722R-14 0.000K+00 ...
2 ABS 6.2738-02 0.000R+00 -2.330R+00 0.0008¢00 ...
3 BUSIGF O0.0008%00 O0.000E+00 O0.000E¢+00 0.000E¢00 ...
4 TOTAL 9.1228-01 U.000E«00 2.770E+00 0.000%¢00 ...
5 I1NGRP 6.0528-02 -3.596R-03 4.182K-01 1.063E-01 ...

os GROUP L1

POSITION CALBOZ PO CARDIOW P1  TUNGST PO TUNGST P ...
1 NEAT 4.141E-13 0.0002+00 6.395E-14 O0.0002¢00 ...
2 ABS 6.843R-02 0.000K+00 -2.016E+00 0.000F+00 .
3 BUSIGF 0.0008400 O.0GOE*00 O0.000Be+0V 0.050K¢00 ...
4 TOTAL 8.608E-01 0.0008+CO 2.8838E+00 0.000R¢CO ...
5 INGRP 5.6468-02 1.500K-02 §5.976E-01 1.0588-01 ...
[ ] 2.610E-01 1.6885X-01 9.8128-02 3.083k-02 ...

se GROVU? o

POSITICH CARBOE PO CARBON P11  TUBCST PO TUBCST P31 ...
1 NEAT 3.720E-13 0.000K+00 §6.7608-14 0.0008+00 .,.
2 ABS 8.8938-02 0.0008+00 -1.0188+00 0.002K400 ...
3 BUSIGF 0.0008400 0.000E¢00 0.0008+00 0.0002+00 ...
4 TOTAL 9.0278-01 0.000%¢00 2.9828900 2.000%+00 ...
5 1NGRP 1.1312-0f 6.007E-02 7.0298-0%1 2.3828-0% ...
6 1.8058-04 3.1228-0% §5.6328-02 1.0338-02 ...
7 8.6842-02 -1.0722-02 2.1148-02 3.049%-03 ...

oo GROUP 4 oo



POSITION CARBON PO CARBON P11  TUEGST PO  TUNGST Pi
) BEAT 2.648E-13 0.000E*00 5.285E-14 0.000E+00
2 ABS $.7838-02 0.000B+00 -1.860RE+00 0.000E+00
3 BUSIGF  0.000E+00 0.000E+00 ©0.000E+00 0.000B+00
4 TOTAL 8.613£-01 0.000E+00 3.139E+00 0.000E+00
5 INGRP 1.253E-01 4.000E-02 ©.825E-01 2.986E-01 ...
6 2.3378-01 3.5928-02 6.5238-02 1.405B-02 ...
7 1.396E-01 -6.070K-02 3.3078-02 4.607R-03 ...
9 1.201E-01 3.419E-02 6.000E-02 7.068E-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 fite. Alsc nole

that each section of the table is terminated (T).

AL-27 PO 46X 42 TABLE 0
4063214°0 -126011-8 000 1370380-6 1351485-741R 0+0 1
47082239+0 -131070-5 0e0  1376950-6 1346360-7 1579228-7 2

40R 0+0 417298040 -137062-6 040 1381834-6 1905284-7 3
1645107-7  4424404-839R 040 302461740 -145317-5 0+0 4
1372002-6 2143898-7 1436286-7 G6616701-8 4020640-838R 0+0 6
16256612+0 -136368-8 040  1347490-6 2446188-7 1603739-7 6
7063104-8 5850607-8 7196758-837h 0+0 5769916-1 -122417-% 4

0+0  1434578-6 3622303-7 2228031-7 8017632-8 7599577-¢ 8
8902142-9 8102238-836R8 00 4084915-1 -883806-6 0+0 9
1744804-6 08556160-7 4623703-7 1966109-7 1720003-7 1862897-7 10
16868533-7 1343128-736R 0+0 3420562-1 -638749-6 040 11
2020878-6 1046921-6 3246706-7 1474077-7 $130573-8 6814702-8 12
8201922-8 78937348 8479846-834R 0+ 2074572-1 -364922-6 13

000 2313120-6 14089384-6 4769120-7 1361422-7 7847955-8 14
8011077-8 8681245-8 98326775-8 8076120-8 $362688-833R 0+0 16
20660560-1 -307740-6 040 2680220-6 1725468-6 4832881-7 16
1849300-7 86923492 T7190167-8 77i4827-6 8330074-8 7761373-8 17
T435174-8  94568616-833K 000 2172308-1 -2809567-6 040 18
2720071-6 1886117-6 5327220-7 1461140-7 2712444-8 10369058-7 19
6761746-8 T7046503-8 T2754€7-8 6538448-8 6289563-8 7994375-¢ 20
194208-10 773477-10 180186-090 204746-09 341299-09 610631-09 148
3984604-9 T 149

AL-27 P1 46X 42 TABLE : 0
M 040 7017552-845R 000 A125679-8 4661935-844R 0+0 1
9478804-8 2160393-8  7284464-943R 040 8420767-8 1164833-8 2
1670947-8  1781046-942R 0¢0 7731200-8 1201786-8 7735120-9 3
36TTEAT-9  T808440-941R 000 1032406-7 3047006-9 4103804-9 4
8116630-0 6614968-9 1430678-9408 G0 3001110-7 6313086-9 5
1238474-8 1287040-8 00700199 £048293-9 1102423-839R 0+0 6
4103276-7 3226548-8 2574680-0 4200887-9 53562384-9 §5707241-9 7
7621997-0 7063515-9381R 000 6207081-7 4131107-8 2615106-9 s

46



-147460-60 38506038-9 6351238-9 6664206-90 0116036-9 4125447-9 9

1107430-8 -258527-640R 00 T ' 66

Complete output 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 fi.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.

Co0000000000000000000000000000000000¢00000000000000000000000000000000040¢
PROPOSED 09/09/77 -

(RODIFIED 09/80) -

(NONENCLATUAR CRANGED 06/8°) -

(NODIPIED FOA CONST SUB-BLOCKS 06/90) -

(ORDERING CEANGED 10/90) | -

aaﬂﬂﬂﬂﬂﬂ
[}

NATIS -
NATERIAL CROSS SECTION FILE -

o0
-

TEIS FILE CONTAINS CROSS SKCTION , -
VECTORS AND MATRICES FOR ALL -
PARTICLES, NATERIALS, AND REACTIONS; -
DELAYED NEUTRON SPECTRA BY TINE GROUP; -
AND DECAY EEAT AFD PROTON SPECTRA. -

"2aag

FOANATS GIVES ARL FOR FILE EXCBANGE ONLY -

(2] &
o -
]

FILE STRUCTUAS ' -

RECORD TYPE PRESEST IF -
SSSUUESSSESSSSSESSINSEEE I RRES 3T PSHAN, TERAWBESS -
FILE IDENTIFICATION JLVAYS -
FILE CONTROL ALVAYS -
SET NOLLERITE ID®81 «° 1708 ALVAYS -
FILE FATA ALVAYS -

svsccscscecces(RPPEA’ FOR ALL PARTICLES) -
. GAOUP STRUCTUAES AL¥AYS -

AR 2232888228489

ssseescessces (REPREAT FOR ALL MATERIALS) -
CS o BATERIAL COBTAROL ALUAYS -
cS o : -
CS o es0esececed/AEPEATY FOR ALL SUSAATEARIALS) -
CS oo VECTOR COBTAOL ¥108.67.0 -
CS o 0 -
CS ¢ ¢ seeveeeee(REPEAT FOA ALL VECTOR BLOCXS) -
CS oo VECTOR B1.OCK §1D8.6T.0 -
(o [} 009P0 000 -
CS o
(o °

socccooe o (REPEAT FCR ALL MATATI BLOCKS) -

Y



303072090

[2]
o

888888

- - - - - - D w00 B e - B o~ o

00 NATRIX CONTROL e GY..

® 0 8

¢ o o oscccces(REPEAT FOR ALl. SE-NLILRLY

¢ o900 NATRIX SUB-BLOCR & ¢I.0

o & 9 S00d000

¢ 6 O

s e e CONSTANT SUB-BLOCK JCONST.6T.0
[ I I 4

0000000000000

FILE IDESTIFICATION
ENAME, (RUSE(I) . I=1,2),IVERS
103 MULT

FORNAT(45 OV ,A8,18¢ 248, 1H¢,16)

BNANE NOLLERITE FILE NANE - NATIS - (AS)
BUSE NCLLFRITE USER IDESTIFIATION (a®)
IVERsS FILE VERSION SUNBER

NULT DOUBLE PRECISION PARANETER

1- A8 VORD IS SINCLE VORD
2- A8 VORD IS DOUBLE PRECISION WORD

FILE COBTROL
NPART ,BTYPE ,NNOLL ,WNAT ,NAXV,LENGTE
6

FORMAT(4N 1D ,4186)

NFART SUNBER OF PARTICLES FOR VNICE GROU?P
STAUCTURES ARK CIVES

BTYPE SUNBER OF DATA TYPES PRESEST IN SET

nEoLL NUNBER OF VCRDS IN SIT BOLLIRITE

IDESTIFICATION RECORD

BNAT SUMBER OF NATERIALS OF FILE

NAXV NALINUN RECORD SIZE FOR SUB-BLOCKING

LENCTE LENGTR OF 7ILE

ancaoon

32



(v ] SET HOLLERITE IDENTIFICATION

c

cL (RSETID(I),I=1,NROLL)

C

v SROLLONULT -
c

cs FORNAT(4R 2D ,8A8/(9AS))

c -
(0] NSETID NOLLEAITR IDESTIFICATION OF SET (A8) -
(0] (TO BE EDITED OUT 72 CRARACTERS PER L3IER) -
c -
c .................

c

c

c------- ——m- oo -o-- - —ee - [
Ck PILE DATA

38888388383298888088388888888"8g8~2~apan-°

(BPRT(J),J=1,NPART), (RTYPE(X) ,K=1,B7YPE), (ENATH(1),I=1,NNAT),
1(NGRP(J), =1 ,BPART) , (JIBP(K) ,K=1 BTYPE, (JOUTP(K) ,Ke1 ,BTIPIR),
2(NSUBN(I)1=1,ENAT), (LOCN(I) I=1,ENAT)

(NPARTOFTYPReNRAT) oRULT 0 20BTYPR4NPART +20BNAT

FORNAT(4E 3D ,BA8/(949)) EPAT,RTYPE ,NNATS
FORNAT(1216) NGRP, JINP, JOUTP, BSUBN, LOCN

INT(I) BOLLEAITE IDENTIPICATION POR PAATICLE J

NEUTROS

GANNA

PAOTOS

DEUTERON

TAITOS

BE-3 BUCLEUS

ALPES (EE-4 BUCLEUS)

ETA

AESIDUAL OR AZCOIL

(NEAVIER TEAN ALPBA)

STYPR(K) ILLERITS IDEETIFICATIOS FOR DATA TYPE K
FSCAT FEUTROS SCATTERING

PB4 O09ON

[ SEUTROS ISDUCED GANNA PRODUCTICH
GSCAT GANa SCATTERING

4 | PROTOS IFDUCED SEVTRON FRODUCTION
DXy OLLAYED ERUTROS DATA

DXNG DE-AY REAT AND GAXNA DATA

oxs DECAY BETA DATA

ENATE(I) BOLLERITE IDENTIFICATION FOR NATERIAL I

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

JIup(K) TYPE OF INCIDEST PARTICLE ASSOCIATED VITE
DATA TYPE X. YOR DX DATA TYPES, JINP IS O.

9]



-—- -

cL

92

JOUTP(X) TYPE OF OUTGOING PARTICLE ASSOCIATED VITE
DATA TYPE X

ususn(I) NUMBER OF SUBNATERIALS FOR NATERIAL I

tocu(r) LOCATIUN OF MATERIAL I

GROUP STRUCTURE
(GP3(I),I=1,NCR),ENIN
EGR=NGRP(J)

NGAP(J)+1
FORNAT(48 4D .1P5212.5/(6£32.5))

GPB(I) MAXINUN KNEERGY BOVED FOR GROUP I FOR PARTICLE J
ENIN MININUR ESERGY ROUED FOR PARTICLE J

RATERIAL CONTROL

NNAT,ANASS, (TENP(1),S1GZ(3),ITYPE(I) ,B:D(1),820(1),
1L0CS(1),I=1,NSUBR)

NULTe1+0¢NSUBN

FORRAT(4N 6D ,A8,1Ne 1P2£12.8/(2812.6,516))

ENAT FOLLERITE NATERIAL IDESTIFIER -
ANASS ATOMIC WEIGHT RATIO .
TENP ANBIEST TENPERATURE Oh OTSER PARANGTERS FOR -
SUBNATERIAL I -

S1GZ DILUTION FACTOR OR OTEER PARAKETER'- FOR -
SUBNATERIAL I -

1TYP: D&TA TYPE FOR 3UBRATERIAL 2 -
§1D SUNBER OF VECTORS FOR SUPNATERIAL I -
520 SUNBER OF NATRIX BLOCKS FOR SUBMATEAIAL I -
LOCS LOCATION OF SUSNATERIAL I -
VECTOR CONTROL -

(BVPS(1),1e1,81D),(NPC(1),121,91D),(NLG(1), 151, ,84D)



"38888883888~gg~2~"

g8"ag8"a~agn-

(NULT+2) eN1D
FORNAT(48 7D ,0A8/(9A8)) mrs
FORNAT(1218) IBLK,B7G,0LG

BVPS{I) NOLLERITR IDESTIFIER OF VEKCTOR
NELAS SEUTROB ELASTIC SCATTRRING

(VP3(I),Is1,XNAX)

KNAX=SUN OVER GROUP BAND FOR RiCE VECTOR IB BLOCK J
KRAX

FORNAT(4N 8D ,1P5212.5/(6812.5))

vPs(1) DATA FOR GROUP BABDS FOR VECTORS IN BLOCK J.

BLOCK SIZZ IS DETEANINED BY TAKING ALL TNE GROUP
BANDS THAT RAYE A TOTAL LESGTE LESS THAN OR IQUaL

70 NARY.

| bl ] (¥,2m) =
] 14 SECOSD CNANCE FISSION -
CABS GANKA ABSOAPYION -
pan PROTONS 1N, 2 NEUTRONS OUT
¥PC(I) SUKBEL OF FIAST GROUP IN BAND FOR VECTOR I
aG(1) NUNBER OF LAST GROUP 1IN BASD FOR VECTOR I
VECTOA BLOCK -

SCATTERING MATRIX COSTROL

SNTX,LORD. JCOBST,
1(JBAND(L) ,L=1,N0UTG(X)) ,(133(L),Le1,H0UTG(E))

NULT+2420N0UTG(X)

FORNAT(4N 90 ,48/(1216)) SNTX,LORD, JCONET,

JBABD, 1))

] EOLLERITE IDENTIFICATION OF SLOCK
LORD NUNBER OF OADERS PARSEST

9.4



JCOEST FYNBEZ 07 GROUPS YITE CONSTANT SPECTIUM
JBAND(L) BANDVIDTY FOR GROUP L
1J3(L) LOVESZ GROUP 1IN BAND FOR GROUP L

------------------ P P T L T e Y L T - amde

SCATTER"SG SUR-BLICK

(SCAT(X) K= KNAX)

XMAX:LORD TINES TEE Su¥ OVER ALL JBAND IN THEE GROUP RANGE OF -

TAIS SUB-BLCCK
FORMIT(SH 10D ,1P6E12.5/(6212.5))

KNAX

SCAT(X) RATRIX DATA GIVEN AS BAFDS OF ELENESTS FUR INITIAL -
GROUPS THAT LEAD TO EACE FINAL GROUP. THE ORDER -
OF TRE CLEREETS IS AS FOLLOVS: BAND FOR 20 OF -
CROUP 1, BAND FOR P8 OF CROUP I, ... , DAND FOR PO -
GF GANUP I+1, BAND FOR P3 OF JROUP I+1, EIC. THE -
GROUPS 16 TACH BASD ARR GiVEER IF DESCXEDISC GRDER. -
THL SI2E OF EACE SUB-BLOCX IS OETERNISID BY TLE -
TOT4L LZNGTR OF A GROUP OF SANDS TUAT 13 LUSS TBAN -

OR EQUAL TO NMAIV.

1F JCONST.GT.O, TEE CGETRIBUTIONS FRON TSE JCOSST -

LOV-LNERGY GROUPS AARL GIVEN SEPARATELY.

c— Y o - . - - - G - o - o

c -
c -
c ----------------------------- - b ab e &
[ CONSTABT SUB-3LOCK -
c -
L (sPEC(L) ,1.»3,NOUTG(K)) ,{PROD(L) ,LeL1,N18G(K)) -
c -
cc L1sSING(K)-JCOBST+¢ -
c -
cv BOUTG(K)+JCONST -
c -

0888888°¢-38

-~
-
-

FORMAT(4N110 ,1P8832.6/(6212.8))

SrEC NOANALIZED SPECTRAUN OF FINAL. FARTICLE3 FOR ISITIAL -

PAATICLES 1B GROUPS L1 TO N13G(K)

PAOD PAODUCTION CROSS SICTION (E.0., BUeSIGY) Foa -

IPITIAL GROUPS L1 TEROUGE FISG(K)

THI3 OPTION IS NOANALLY USED FOR TER ENERGY-INDEPLIDEST
NEUTRON AED PSOTOM SPECTRA FROR PISSION AND RADIATIVY



CD

Ce=-

CAPTURE USUALLY SEEN AT LOVW EBERGIES. -
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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

(0000035000000 000000000000000000003000000000000000000000050000000004¢00000

c
C
CF
CE

REVISED 11/30/78

RTFLUX-IV
REGULAR TOTAL FLUIXES

C?9000000000000000000000000000000003000003005000000000000000800404600949009

co

8888888888888

FILE IDENTIFICATION

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

1+3eNMULT

HNAME HOLLERITH FILE NAME - RTFLUX - (&k6)
HUSE BOLLLRITH USER IDENTIFICATION (ae)
IVERS FILE VERSION NUMBER

MULT DOUBLE PRECISION PARAMETER

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

SPECIFICATIONS (3D RECORD)
BDIN,EGROUP ,NINTI,NINTJ, NINTK, ITER,EFFK,POVER, ¥BLOK

9=NUMBER OF WORDS

¥DIN NUMBER OF DIMENSIORS
NGROUP RUNBER OF ENERGY GROUPS
NINT1 NUMBER OF FIRST DIMENSION FINE MESH INTERVALS
NINT) BUNBER OF SECCEND DIMEBSION FINE MESH INTERVALS
BINTJ.EQ.1 IF NDIN.EQ.1
NINTK NUMBER OF THIRD DINENSION INTERVALS
NINTK.EQ.3 IF NDIN.LE.2
ITER OUTER ITERATION BUMBER AT WHICH FLUX VAS VRITTEN
EFFX EFFECTIVE MULTIPLICATION FACTOR
POVER POVER IN WATTS TO VHICH FLUX IS NORMALIZED
NBLOK DATA BLOCKING FACTOR

IF NDIN.EQ.3, THE GROUP VARIABLE IS BLOCKED
INTO NBLOX BLOCKS (SEE 2D RECORD SELOW)
IF WDIN.GE.2, THE 2ND DIMENSION VARIABLE IS
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CcD BLOCKED INTO NBLOK BLOCKS (SEE 3D RECORD) ~

ca ONE DIMENSIONAL REGULAR TOTAL FLUX (2D RECORD) -
cc PRESENT IF NDIN.EQ.1 -
CL ((FREG(I,J),I=1,NINTI),J=JL,JU)----SEE STRUCTURE BELOV---- -

(4 NINTI#(JU-JL+1)=NUNBER OF WORDS -

c -
C DO 1 M=1,NBLOK -
C 1 READ(N) oLIST AS ABOVEe -
c -
cC VITH M AS TBE BLOCK INDEX, JL=(M-1)e((NGROUP-1)/NBLOK+1)+1 -
cc AND JU=MINO(NGROUP,JUP) VHERE JUP=Ns((NGROUP-1)/NBLOK+1) -
c -
(1} FREG(I,J) ONE DIMENSIONAL REGULAR TOTAL FLUX -
cD BY ISTERVAL AND GROUP -
c -
c -----------------------------------------------------------------------
C

C

c ---------------------------------- ——- -
CR HULI-DIMENSIONAL REGULAR TOTAL FLUX (3D RECORD) -
c -
cc PRESENT IF BDIN.GE.2 -
c -
cL ((FREG(X,J),I=1,NINTI),)=3L,JU)--~~SEE STRUCTURE BELOW---- -
c -
(o] BINTIe(3U-JLe1)=RUNBER IF MORADS -
c -
C DO 1 L=1,NGROUP -
C DO 1 M=1,NINTX -
C DO i M:1,NBLOK -
C 1 READ(E) eLIST AS ABOVEe -
(‘ -
cc VITE M AS THE BLOCK INDEX, JL=(M-1)e((HINTI-1)/NBLOKe1)+1 -
cC AND JU=NINO(NINTJ,JUP) JIERE JUPsNe((NIBTJ-1)/3BLOK+1) -
C ' -
cD FREG(I,J) NULTI-DINENSIONAL REGULAR TOTAL FLUX -
cD BY IBTERVAL 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

C00000000000000300300003090500000000000000000008000000030000000000000009

c
c
CF
CE
c

REVISED 11/30/76

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

C90000009000200000000000000000000000000000000000000000000009¢00000900099

8888888

FILE IDENTIFICATION

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

143eMULT

BNAME
BUSE
IVERS
MNULT

HOLLERITH FILE NAMNE - RZFLUX - (AS8)
BOLLERITH USER IDEBTIFICATION (ae)
FILE VERSION NUMBER
DOUBLE PRECISION PARAMETER

1- A6 WORD IS SIMGLE WORD

2- A6 WORD IS DOUBLE PRECISION WORD

SPECIFICATIOFS (31D RECORD)

TIME,POVER,VOL ,EFFK,EIVS,DKDS,TNL ,TNA, THSL , THBL, TNBAL , THCRA,
1(x(1),1=1,3) NBLOK,ITPS,NZONE, NGROUP,NCY

20=NUMBER OF WORDS

TINE
POVER

voL
EFFX
EIVS
DXDS
TiL
THA
THSL
TESBL
TEBAL
THCRA

REFERENCE REAL TIME, DAYS

POVER LEVEL FOR ACTUAL YEUTRONICS PROBLEN,
WATTS TERMAL

VOLUME OVER WHICH POVER WAS DETERMNINED, CC

EFFECTIVE NULTIPLICATION FACTOR

EIGEBVALUE OF SEARCH PROBLEN

DERIVATIVE OF SEARCH PROBLEM

TOTAL NEUTROE LOSSES

TOTAL NEUTRON ABSORPTIONS

TOTAL NEUTRON SURFACE LEAKAGE

TOTAL BEUTRON BUCKLING LOSS

TOTAL BEUTRON BLACK ABSORBER LOSS

TOTAL BEUTRON CONTROL ROD ABSORPTIOXS
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cD X(1),X=1,3 RESERVED -

CD  KBLOK DATA BLOCKING FACTOR. THE GEOMETRIC ZOWE -
cD VARIZBLE IS BLOCKED IiTO NBLOK BLOCKS. -
CO  ITPS ITERATIVE PROCESS STATE -
cy =0, §O ITERATIONS DCNE -
cD =1, CONVERGENCE SATISFYED -
cp =2, NOT CONVERGED, BUT CONVERGING -
cD . =3, NOT CCHVERGED, NOT CONVERGING -
CD  NZONE NUMBER OF GECMETRIC ZONES -
CD  NGROUP NUMBER OF ESERGY CROUPS -
D NCY REFERENCE COUMT (CYCLE NUMBER) -
C -
c ------------------------------------------------------------------------
¢

c

c ------------------------------------------------- e - - - -t ----
CR FLUX VALUES (2D RECORD) -
C -

CL ((2GF(K,J),X=1,0GROUP) ,J=JL,JU)----SEE STRUCTURE BELOW---- -
(4] NGROUP#(JU-JL+1)=BUMBER OF WORDS -

c DO 1 N=1,NBLCK -
€ 1 READ(N) oLIST AS ABOVEe -

(of -
cc VITY ¥ AS TBE BLOCK INDEX, JL=(N-1)e((NZONE-1)/NBLOK#+1)+1 -
cc AND JU=NING(BZONE,JUP) WHERE JUPsNe((NZONE-1)/NBLOK+1) -
c -
CD ZGF(X,J) REGULAR ZONE FLUX BY GROUP, AVERAGED OVER ZONE. -
cD NEUTRONS/SEC-CNe 2, -
c -
c ------- -we -
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Appendix E. RZMFLX FILE DESCRIPTION

The following description of the RZMFLX format uses the standard CCCC

form.

C9000000000000000050000000000000080000000000000000000000000008000004008¢
c PROPOSED -

c -
CF RZMFLI-1IV -
CE REGULAR ZONE-AVERAGED MOMENTS FLUX -
(of -
C900800000000030000000000000000000080080000030600000900800008000800008009
c

c

Crrrrcmnrnnnn e rcrccn e mdncn e - - - - - - - - - - - - -
CR FILE IDERTIFICATION -
c -
CL ANAME, (HUSE(I),I=1,2),IVERS -
(of -
cv 1+3eNULT -
(of -
cD BNAME HOLLERITH FILE NAME - RZNFLX - (A6) -
cD HUSE HOLLERITE USER IDENTIFICATION (a6) -
co IVERS FILE VERSION NUMBER -
cb NULT DOUBLE PRECISION PARAMETER -
CcD 3- A8 WORD IS SINGLE WORD -
(4] 2- A9 WORD IS DOUBLE PRECISION WORD -
(of -
Crrrr rmccmcccmncr ccmdc mrcr e 00— - - - - - - - - - - - - - - - - - -
c

c

o - -
CR SPECIFICATIONS -
c -
CL BDIN,NGROUP,NINTI,NINTJ,NINTK,NORD ,EFFK, POVEA -
c -
cv 8=NUMBER OF WORDS -
c -
CcD §DIN NUMBER OF DIMENSIORS -
(4] NGROUP NUKBER OF GROUPS -
(4] NINTI NUNBER OF FIRST DIMENSION INTERVALS -
(4] BINT) BUMBER OF SECOND GIMENSION INTERVALS ' -
cD NINTJ.EQ.3 IF NDIN.EQ.1 -
(4] NINTK BUMBER OF THIRD DINEBSION INTERVALS -
(4] NINTK.EQ.1 IF NDIN.LE.2 -
(4] NORD NUNBER OF LEGEBDAE XOMENTS -
D EFFK EFFECTIVE NULTIPLICATION FACTOR -
cd POVER POVER IN VATTS TO VEICE FLUX IS NORMALIZED -
(of -
o -——

c

c

10}



c ------------------------------- - - - - - - - - > - - - - - - -

CR REGULAR NOMENETS FLUXES ON NULTIDINENSIONAL INTERVALS -
gl. ((FLUX(K,I) ,M=1,N0RD,I=1,3INTI)----30TE STRUCTURE BELCW---- :
29 NORD*NINTI=NUMBER OF WORDS -
¢ i
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Appendix F. ISOTXS FILE DESCKRIPTION

It was copied from the CCCC-IV l'eport.25

‘T'he following description of the ISOTXS format uses the standard CCCC form.

CO900000009000300000400000000000900000000000000900000090000020000000090099

c
c
CF
CE
c
cx
c
c
c
c

REVISED 11/30/76

ISOTXS-1IV
MICROSCOPIC GROUP NEUTRON CROSS SECTIONS

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

FORMATS GIVEN ARE FOR FILE BXCHANGE ONLY

0000005000000 0000000000000000000000000000000000000000008000000080000900s8

o
™

12 ();!(\

(eI s 3]
o«

FILE STRUCTURE

RECORD TYPE PRESEBT IF
£Z33=3223S3333833I3SITTESSIREII S3CESEITSETBIIT
FILE IDEBTIFICATION ALVAYS

FILE CONTROL ALVAYS

FILE DAT& ALYAYS
FILE-VIDE CHI DATA ICBIST.GT.%

sesecsscsecceces (REPEAT FOR ALL ISOTOPES)

v ISOTOPE CONTROL AND GROUP
. INDEPENDENT DATA ALVAYS

. PRINCIPAL CROSS SECTIOAS ALVAYS

. ISOTOPE CHI DATA ICHI.GT.3

t J

¢ eeecesecees(REPEAT TO NSCHAX SCATTERING BLOCKS)

o o eseesees(REPEAT FROX t TO NSBLOK)

e o o  SCATTERING SUB-BLOCK LORDN(N).GT.0
2000009090000 009

FILE IDEFTIFICATION
HSAME, (BUSE(I),I35,2),IVERS
1+30NULT

FORMAT(4H OV ,A8,3He,2AC,10H¢,16)
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Ccy

104

HNAME HOLLERITH FILE NAME - MATIS - (a8)

HUSE HOLLERITH USER IDENTIFIATION (a8)
IVERS FILE VERSION WUMBER
NULT DOUBLE PRECISION PARAMETER

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

FILE CONTROL (1D RECORD)
NGROUP .N1S0,MAXUP ,NAXDN ,HAXORD, ICEIST,NSCNAX , BSBLOK
8=NUMBER OF WORDS

FORMAT(4H 1D ,416)

NGROUP JUMBER OF ENERGY GROUPS IN FILE

NIso WUMBER OF ISOTOPES IN FILE

NAXUP MAXINUN BUMBER OF UPSCATTER GROUPS

NAXDN MAXINUN NUMBER OF DOVESCATTER GROUPS

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

ICHIST FILE-VIDE FISSION SPECTRUM FLAG

ICBIST.EQ.O NO FILE-VIDE SPECTRUM
ICBIST.EQ.1 FILE-VIDE CHI VECTOR
ICBIST.GT.3 FILE-VIDE CHI MATRIX
NSCHAX HAIMUN NUNBER OF BLOCKS OF SCATTERING DATA
NSBLOK SUBBLOCKING CONTROL FOR SCATTER NATAICES. THE
SCATTERING DATA ARE SUBBLOCKED INTO NSBLOK
RECORDS(SUBBLUCKS) PER SCATTERING BLOCK.

FILE DATA

(HSETID(I),I=1,12),(BISOBN(I),1=1,0IS0),
1(CHI(J),J=1,NGROUP) , (VEL(J), J=1,BGROUP,
2(EMAX(J),J=1,NGROUP) ,ENIN, (LOCA(I),I=1,N1S0)

(NISC+12)oNULT+14¥ISO

+BGROUP# (2+ICHIST*(2/(ICBIST+1)))=NUNBER OF WORDS

FORMAT(4H 2D ,1He,11A6,18e BSETID,BISONM

118 ,A6,18¢,9(1X,46)/(10(1%,46)))

FORMAT(8E12.5) CEX (PRESEST IF ICHIST.EQ.1)
FORMAT(GE12.5) VEL,ENAX ,ENIN

FORMAT(3216) LOCA



Cch HSETID(I) BOLVERITH IDENTIFICATION OF FILE (A6)

cD HISONM(I) HOLLERITH ISOTOPE LABEL FOR ISOTOPE I (A6)

cD CHI(J) FILE-VIDE FISSION SPECTRUM(PRESENT IF ICHIST.EQ.1)
cD VEL(J) MEAN BEUTRON VELOCITY IN GROUP J (CM/SEC)

cD EMAX(J) MAXINUM ENERGY BOUND OF GROUP J (EV)

cD EMIN RININUM ENERGY BOUND OF SET (EV)

cD LOCA(I) NUMBER OF RECORDS TO BE SKIPPED TO READ DATA FOR

cD ISOTOPE 1I.

c

c --------------------------------- I E oo oo e oo mm - - - - - - -
C

c

C ------------------------------------------------------------------------
CR FILE-VIDE CRI DATA (3D RECORDM

c

cc PRESENT IF ICHIST.GT.1

c

cL ((cBI(K,J),K=1,ICHIST),J=1,NGROUP) , (ISSPEC(Z),I=1,NGROUP)

c

cv NGROUP¢ (ICEIST+1)=NUMBER OF WORDS

c

CB FORMAT(4H 3D ,1P5E$12.5/(6E12.5)) CHI

CB FORMAT(1218) IS3PEC

c

cD CHI(X,J) FRACTION OF NEUTRONS EXITTED INTO GROUP J AS A

CD RESULT OF FISSION IN ANY GROUP, USING SPECTRUM K
cD ISSPEC(I) ISSPEC(I)=K INPLIES THAT SPECTRUX K IS USED

<D TO CALCULATE EMISSION SPECTRUM FROM FISSION

cD IN GROUP I

c

c -----------------------------------------------------------------------
C

c

c -----------------------------------------------------------------------
CR 1SOTOPE CONTROL AND GROUP INDEPENDEST DATA (4D RECORD)
c

cL HABSID,BIDEBT,HMAT,ANSS,EFISS,ECAPT, TENP,SIGPOT,ADENS ,XBR, ICEI,
CL  3IFIS,IALF,INP,IN2K,IND,INT,LTOT,LTRN, ISTRPD,

CL  2(IDSCT(®),¥=1,8SCMAX),(LORD(N),N=3,NSCKAX),

CL  3((JBAND(J,N),J=1,NGROUP),N=1,NSCHAX),

CL  4((13J3(3,¥),J)=1,NGROUP) ,N=1,NSCNAX)

c

(o'} 3oNULT+17+NSCHAZe (29NGROUP+2)=BUMBER OF GROUPS

c

cB FORMAT(4B 4D ,3(1X,A6)/6E16.58/(1216))

c

cD BABSID HOLLERITH ABSOLUTE ISOTOPE LABEL - SAME FOR ALL

cD VERSIONS OF TEE SAME ISOTOPE IN FILE (A6)

cD BIDEST IDENTIFIER OF LIBRARY FROM VHICH BASIC DATA

cD CAME (E.G. EBDF/B) (a6)

cD AMASS GRAM ATOMIC WEIGHT

cD EFISS TOTAL THERMAL EBERGY YIELD/FISSION (V.SEC/FISS)

cD ECAPT TOTAL THERMAL ENERGY YIELD/CAPTURE (V.SEC/FISS)
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cD TENP ISO'OPE TEMPERATURE (DEGREES KELVIN)

cD SIGPOT AVERAGE EFFETIVE POTESTIAL SCATTERING IN

D RESONANCE RANGE (3SARNS/ATONM)

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

cD KBR ISOTOPE CLASSIFICATION

cD 0=UNDEFINED

cD 1=FISSILE

cD 2sFERTILE

cb 3=0THER ACTINIDE

cD 4=FISSION PROD'JCT

cD 82STRUCTURE

cD 6=COOLANT

cD 7=CONTROL

cD 1CHI ISOTOPE FISSION SPECTRUM FLAG

cD ICHI.EQ.O YSE FILE-VIDE CBI

cD ICHI.EQ.1 ISOTOPE CHI VECTOR

cD ICHI.GT.} ISOTOPE CEI MATRIX

ch IFIS (¥,F) CROSS SECTION FLAG

cD IFIS.EQ.0 NO FISSIO3F DATA IN PRINCIPAL
ch CROSS SECTION RECORD

cD IFIS.EQ.1 FISSION DATA PRESENT IN PRIKCIPAL
(4] CROSS SECTIGN RECORD

cD IALF (¥,ALPHA) CROSS SECTION

cD SAME OPTIONS AS IFIS

cD INP (¥,P) CROSS SECTION

cD SAME OPTIONS AS IFIS

cD 1528 (¥,28) CROSS SECTION

ch SAME OPTIONS AS IFIS

cD 18D (¥,D) CROSS SECTION

ch SANE OPTIONS AS IFIS

cD INT (¥,T) CROSS SECTION

cD SANE OPTIONS AS IFIS

cD LTOT EUNBER OF MOMENTS OF TOTAL CROSS SECTJON PROVIDED
cd I8 PRINCIPAL CROSS SECTIONS RECORD

cD ITRE NUMBER OF KOMEBTS OF TRANSPORT CRUSS SECTION

cD PROVIDED IN PRINCIPAL CROSS SECTIONS RECORD
cD ISTRPD SUNBER OF COORDINATE DIRECTIONS FOR WHICH

cD COORDINATE DEPENDENT TRANSPORT CROSS SECTIONS
cD {2E GIVEE. IF ISTRPD=0, NO COORDINATE DEPENDENT
cD TRANSPORT CROSS SECTIONS ARE GIVESN.

cD IDSCT(N) SCATTERISG MATRIX TYPE IDEETIFICATIOM FOR

cD SCATTERING BLOCK N. SIGNIFICANT ONLY IF

cD LORD(¥).GT.O

cD IDSCT(N)=000 + §E, TOTAL SCATTERING, (SUM OF
cD ELASTIC, INELASTIC, AND K2§ SCATTERING

ch MATRIX TERNS).

cD 100 ¢ NN, ELASTIC SCATTERING

cd 200 + NN, INELASTIC SCATTERING

ch 300 + ¥§, (N,2F) SCATTERING,----SEE
ch NOTE BELOY----

cd VHEERE ¥N IS TBE LEGENDRE EXPANSION INDEX OF THE
cd FIRST MATRIX IN BLOCK B
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¢D LORD(N) BUMBER OF SCATTERING ORDERS IN BLOCK N. IF -

¢D LORD(N)=0, TBIS BLOCK IS NOT PRESENT FOR THIS -
cD ISOTOPE. IF NN IS TSE VALUE TAKEN FROM -
CD IDSCT(¥), THEN THE MATICES IN THIS BLOCK -
cD HAVE LEGENDRE EXPANSION INDICES OF NN, NNeg, -
cD §N+2,...,NN+LORD(N)-1 -
cD JBAND(J,N) NUMBER OF GROUPS THAT SCATTER INTO GROUP J, -
D INCLUDING SELF-SCATTER, IN SCATTZRING BLOCK . -
D IF JBAND(J,N)=0, NO SCATTERING DATA IS PRESENT -
cD IN BLOCK 1. -
cD 133(3,¥%) POSITION OF IN-GROUP SCATTERING CROSS SECTION IN -
(4] SCATTERING DATA FOR GROUP J, SCATTERING BLOCK -
cD N, COUNYED FROM THE FRIST WORD OF GROUP J DATA. -
cD IF JBAND(J,¥).NE.O THEN IJJ(J.N) MUST SATISFY -
CD THE RELATION 1.LE.1JJ(J,¥).LE.JAND(J,N) -
c -
(4] NOTE- FOR N.2§ SCATTER, THE MATRIX CONTAINS TERMS, -
cD SCAT(J TO G), VHICH ARE EMISSION (PRODUCTION)- -
") BASED, I.E., ARE DEFINED SUCH THAT MACROSCOPIC -
cD SCAT(J TO G) TIMES THE FLUX IN GROUP J GIVES -
cD THE RATE OF EMISSIGN (PRODUCTION) OF NEUTRONS -
(4] INTO GROUP G. -
c -
c ------------------------------------------------------------------- em-
c

c

Cmmm e e e e cc— e e e S e — e ———————————————————--—-———
CR PRINCIPAL CROSS SECTIONS (5D RECORD) -
[of -

cL ((STRPL(J,L),3=1,NGROUP) ,L=1,LTRY), -

*.  3((STOPL(J,L),J=1,BGROUP)L=1,LTOT), (SNGAM(J),bJ=1,BGROUP), -
CL  2(SFIS(J),J=1,NGROUP), (SNUIOT(."),J=1,NGROUP), -
cL  3(CHISO(J),J=1,BGROUP),(SNALF(J),J=1,NGROUP), ' -
CL  4(SEP(J),J=1,NGROUP),(SN2N(J), J=1,NGROUP), -
CL 5(SED(J),J=1,NGROUP),(SNT(J),J=1,NGROUP), -
6(STRPD(J,I),J=1,NGROUP),1=1,ISTRPD) -

(34LTRU4LTOT+IALF+INP+IN2N+ IND+INT+1STRPD+201F1IS+ -
ICBI*(2/(ICBI+1)))eNGROUP=NUNBER OF VORDS -

FORNAT(4H 8D ,5E12.5/(6E12.5)) -

STRPL(J,L) PL VEICHTED TRANSPORT CROSS SECTION -
THE FIRST ELEMENT OF ARRAY STRPL IS TBE -
CURREST (P1) VEIGHTED TRANSPORT CROSS SECTION -
THE LEGEFDRE EXPANSION COEFFICIEDT FACTOR (2L¢1) -
IS NOT INCLUDED IN STRPL(J,L). -
STOTPL(J,L) PL VEIGHTED TOTAL CROSS SECTION -
TBE FIRST ELEMENT OF ARRAY STOTPL I3 TEHE -
FLUX (PO) VEIGHTED TOTAL CADSS SECTION -
TBE LEGENDRE EXPANSION COEFFICIENT FACTOR (2L+31) -
1S NOT INCLUDED I8 STRPL(J.L). -
SNGAN(J) (N,GANNMA) -

38888883898~ gg2°¢
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(o1] SFIS(J) (»,F) (PRESENT IF IFIS.GT.0) -
cD SNUTOT(J) TOTAL BEUTRON YIELD/FISSION (PRESENT IF IFIS.GT.0) -

cD SCBISO(J) ISOTOPE CHI  (PRESEST IF ICHI.EQ.1) -
cD SWALF(J) (N,ALPHA) (PRESENT IF IALF.GT.O) -

cD SEP(J) (n,p) (PRESENT IF INP.GT.O) -
cD SN2N(J) (§.28) (PRESENT IF IN2N.GT.0) ----SEE -
(o} NOTE BELOW---- -
ch SED(J) (¥,D) (PRESEST IF IND.GT.O) -
ch SET(J3) (s,T) (PRESENT IF INT.GT.O) -
cD STRPD(J,I) COORDINATE DIRECTION I TRANSPORT CROSS SECTION -
cD (PRESENT IF ISTRPD.GT.O) -
c -
(| NOTE - THE PRINCIPAL ¥,2¥ CROSS SECTION SN2¥(J) -
(9 | IS DEFINED &S ‘THE ¥,2§ REACTION CROSS SECTION, -
cy I.E., SUCH THBAT MACROSCOPIC 282N(J) TIMES THE -
(o | FLUX I¥ GROUP J GIVES THE IATE AT VHICH ¥,2§ -
(v | REACTIONS OCCUR IN GROUPJ. TEUS, FOR N,2¥ -
(o | SCATTERING, SN2E(J) = 0.5¢(SUM OF SCAT(J TO G) -
(o | SUNMED OVER ALL G). -
c -
c ...................... - D = D > D > > D D D D > D > > > > > > - D = . - - - - - - - - - - - - -
(

C

c ...................... - LY T
CR ISOTOPE CHI DATA (6D RECORD) -
c -
cc PRESENT IF ICBI.CT.t -
c -

CL ((carrso(x,J) ,K=1,ICHI), =1 ,BGROUP) , (ISOPEC(Y),I=1,NGROUP) -

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

(of -
CB FORNAT(4E 6D ,5E12.5/(6E$2.58)) CHIISO -
CB FORMAT(1218) ISOPEC -
(of -

CD CHIISO(X,J) FRACTION OF NEUTRONS EMITTED INTO GROUP J AS A -

cd RESULT OF FISSION IN ANY GROUP, USIBG SPECTRUM X -
cD ISOPEC(I) ISOPEC(I)=K INPLIES THAT SPCTRUN X IS USED -
cD TO CALCULATE ENISSION SPECTRUM FROM FISSION -
cd IN GROUP X -
c -
c ---------------------------------------------
c

c

[ - - .

CR SCATTERING SUB-BLOCX (7D RECORD) -
c -
cL ((SCAT(K,L) ,K=1 ,KNMAX) L+ LORDYN -
c -
cc KMAX=SUM OVER J OF JBAND(J,N) VITEIN TEE J-GROUP RANGE OF TBIS -
cC SUR-BLOCK. IF X IS THE INDEX OF TEE SUB-BLOCK, THE J-GROUP -
cc RANGE CONTAINED VITEIF TEIS SUB-BLOCK IS -
cC JL=(N-1)e((NGROUP-1)/BSBLOK+1)+1 TO JU=NINO(NGROUP,JIUP), -
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WHERE JUPaMe( (NGROUP-1)/NSBLUK/ ° V.

LORDN=LORD(H)
¥ IS THE IWDEX FOR THE LOOP OVER Bfr .83 FILE STRUCTURE)

KNAX*LORDN=NUNBER OF GROUPS

FORMAT(4B 7D ,5E12.5/(6E12.5))

SCAT(K,L) SCATTERING MATRIX OF SCATTERING ORDER L, FOR
REACTION TYPE IDENTIFIED BY IDSCT(N) FOR THIS

BLOCK. JBAND(J,N) VALURS FOR SCATTERING INTO
GROUP X ARE STOMED AT ;PCATOPMS L=SUM FRON §

T0 (J-1)( OF JBAND(J,N) PLUS § TO K-14JBAND(J N). -

THE SUM IS ZERC VEEN J=1. J-TO-J SCATTER IS
TEE 1J3(J,¥)-TB ENTRY IN THB RAEGE JBAND(J,N).
VALUES ARE STORED IN THE ORDBR (J+JUP),
(JeJupP-1),...,(3¢1),3,(3-1),...,(3-JDN),

VEERE JUP=13J(J,N)-1 AND JDN=JBAND(J,B)-2JJ(J ¥). -

©"8888888888°8~°2~°88"3
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Appendix G. GOXS FILE DESCRIPTION

‘T'he 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.

C00000000000000090000000000000000000C000000000000000000000000000000900009

c
c
CF
CE
c
cy
ca
9 |
c
c

DAl 056/12/83

GOxs
GROUP-ORDERED CROSS SECTIONS FOR SN

THIS FILE CONTAINS CROSS SECTION
TRABSPORT TABLES AND RESPONSE EDITS
IN A GROUP-ORDERED FORM CONVENIERT
FOR USE IN SN TRANSPORT CODES.

C00000000000009908000083000800000000000000000000030000000004000%009900009009

688888°3°2°a°~3

FILE STRUCTURE

RECORD TYPE PRESENT IF
2SS E S E SIS S SRS 2SI SIS SIIALER SESSSSINTREI=ID
FILE IDENTIFICATION ALVNAYS
FILE CONTROL ALVAYS
FILE DATA ALYAYS
sesessessesss (REPEAT FOR ALL GROUPS)
. EDIT CROSS SECTIONS ALVAYS
L SCATTERING COBTROL SORD.GT.O
* SCATTERING DATA NORD.GT.O

900003000000 0050000

FILE IDZBTIFICATION
BNANE, (BUSE(I),1=1,2),IVERS
1+3eNULT

FORMAT(4H OV ,AB,1He 248,1He 16)

BENANE NOLLERITE FILE BANE - GOXS - (A8)
BUSE SOLLERITE USER IDESTIFIATION (AS)
IVERS FILE VERSIOB NUNBER

NULT DOUBLE PARECISIOB PARANETER

1- A8 WD IS SIEGLE WORD
2- AB VORD IS DOUBLE PRECISION WORD
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CR FILE CONTROL -

CcL MGROUP, NMAT,NORD, NED, IDPF ,LNG, MAXUP ,XAXDN ,NPRIN, I2LP1 -

cu 10 -
C -
CD BGROUP SUMBER OF GROUPS -
h NMAT BUMBER OF MATERIALS -
cd NORD BUMBER OF LEGENDRE ORDERS -
Cch BED BUMBER OF EXTRA EDIT CROSS SECTIONS -
Ccb (IN ADDITION TO THE BASIC PRINCIPAL CROSS SECTIONS) -
co IDPF DOUBLE PRECISION FLAG FOR EDIT AND SCATTERING DATA -
CcD (1/2=SINGLE/DOUBLE) -
<D LaG LAST BEUTRON GROUP FOR COUPLED SETS -
cD KAXUP MAXZIMUM BUMBER UF UPSCATTER GROUPS -
€D NAXDN NAXINUM NUMBER OF DOWNSCATTER GROVPS -
cD NPRIYN NUNMBER OF PRINCIPAL CROSS SECTIONS (O, 4, OR 6) -
(4] I2LP1 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=1,8EDT), (VEL(K) ,K=1,NGROUP), -
cL  1(EG(K),K=1 NGROUP) ,EXIE -
c -
cv (NMAT+NED) eMULT+203GROUP+1 -
c -
cD BMAT(I) BOLLERITH MATERIAL NAMES -
cD BED(J) SOLLERITH EDIT CROSS SECTION NANES -
cD VEL(K) AVERAGE VELOCITY FOR GROUP X (CM/SEC) -
cD EG(K) MAX ENERGY BOUND FOR GROUP K (EV) -
CcD ENIN MIN ESERGY BOUND FOR GROUF STRUCTURE (EV) -
(4] BEDT NED+NPRIN -
(of -
o[, Ve ceec e ccccecccccmccc e c e e e ——e—— -e-
c

c

c -----------------------------------------------------
CR EDIT CROSS SECTIOBS -
c -
CL ((EDXS{I,J),X=1,NMAT),J=1 NEDT) -
(of -
cv NMATSNEDT -
c -

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



D ARE ALVAYS PRESSNET IE THIS ORDER WHEN NPRIN=4: -
cD TOTAL TOTAL TRANSPORT XSEC -
cD ABS BALANCE ABSORPTION XSEC -
> BUSIGF FISSION NEUTRON PRODUCTION XSEC -
co ca1 FISSION SPECTRUM -
D ALSO PRESENT VEES BPRIN=5: -
cD TRD TRANSPORT FOR DIFFUSION -
cD ABY EXTRA EDITS FOLLOV TBESE STANDARD EDITS. -
D WEEN NPRIN=0, ANY BANES AKE ALLOVED. -
c -
Crmmemccccc—c—ec————— st e ——— e ————— e S————————————————
c

c

Cmmmmmeececec s —mceec e ccc e mecc e cee- m S cee—Scceeccc—ccee———————————
CR SCATTERING CONTROL -
c -

cL ((NJ3(L,1),L=1,HORD) ,I=1,NNAT), -
cL  1((IJ3{L,I),L=1,N0RD),I=4, BNAT) -

cv 20NORD*NNAT -

CD ¥JJ(L,I) NUNBER OF GROUPS 1IN BAND -
cD 13J(L,1) FIRST GROUP IN BAND -

c -
c -------------------------- - - - D = = > > > - - -
C

c

c ---------------------------------------
CR SCATTERING DATA -
(of -
cL SCAT(1),121,¥TAB) -
c -
(v} ETAB -
c -
cb SCAT(K) SCATTERING DATA. -
cp BTAD SUN OF §JJ(L,I) OVER L FRON § TO NORD AND -
cd I FROK 1 TO NNAT -
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.

0000000000000 0000008000000000000060000000%00

eee FILE MATIS 0000000000000000
ese USER T2LANL NJOY 0000000000000000
ees VERS 10 $000000000000009

0000000006000 000000000000000000000000000009

FILE DESCRIPTION
30X12 LIBRARY FROM ENDP/B-VI, JAN 1992
P4, 300K AT INFINITE DILUTION
STAYDARD CLAV VEIGBI FUNCTION

FILE DATA

PARTICLE NANE BGRP

DATA TYPE NAKE JInp JoutPp

1 NSCAT 1 1
2 NG 1 2
3 GSCAT 2 2

NATERIAL NNAT BSUB LoCA
1 ] 3 o
2 12 3 16
3 83 2 34
4 BE3 2 49
[ uEA 2 e2
(] LI6 3 75
7 L17 3 163
8 BES 3 23°
® 810 3 260

10 P11 3 330
11 CEAY 3 380
2 ¥4 3 426
3 518 3 511
14 016 3 §62
16 017 2 044
16 F19 3 089
17 2423 3 780
10 NGUAT 3 820
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116

18

21
22
23
24
26
20
27
28
29
30
3
32
33

35
36
7
38
39
40
41
42
43

46
46
L1
48
49

51
52
53

56
56
57
58
59

62
63

65
14
69

70
71

NG24
AL27
SINAT
S128
P31
SEAT
$32
CLEAT
AR4O
KBAT
0}
CANAT
SC45
TINAT
T140
Ti47
TI48
VEAT
CRE0
CR62
CR53
CRS4
NB86

Cos9
| )¢
169
180
1 p{ })
nie2
164
cues
cuss
GABAT
Y89
nes
NONAT
ConT
INEAT
BA13S

U163
ZU1ss
10165
s
TA188
viea
vies
viss
vise
RE186
RE187

WD WU G WV N WY WU KWL WL WLWLWNWNWWWWLLLWLWLWWL VW VWML WGNWW UL VUK WL

926

937
1033
1110
1267
1290
1368
1410
1494
1806
1603
1614
1688
1697
1746
1787
1768
1779
1862
1912
1687
2078
2119
2273

asn

FERENBSECEREIAJRRESE
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72 AU197 3 3s14
73 PB206 3 3s67
T4 PB20T 3 4160
75 PB208 3 4333
70 BI209 3 4404
77 TBE230 2 4473
78 T8232 3 4529
79 PA233 2 4568
80 PA233 2 4034
81 U232 2 4602
82 U233 3 4730
83 U234 2 4770
84 U235 3 4808
1] U23e 2 4908
86 U238 3 49088
a7 mp237 3 5075
1) §P238 2 5226
89 §P239 2 5238
90 PU23¢ 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
97 PU243 3 5690
28 PU244 2 5718
9 AN241 3 67562
100 AN242 2 5816
101 AN242K 3 5831
102 AN243 3 5888
103 CHa41 2 5983
104 CN242 3 5083
105 CN243 3 6020
106 CHa244 3 6081
107 CN245 3 6118
108 CH246 3 6144
109 cna47 3 6192
110 CH248 3 6218
a1 BK249 2 6233
112 CFaeo 2 6315
113 CFas60 3 6387
114 CFasi 3 6303
116 CFa52 3 6419
116 Cras3 2 6445
117 ES2563 2 6468
SUB 1§ 3.0008+02 $.0008+10 BSCAT

VECTOAS: FWYO BT0T0O INELAS NG EEAT KERNA DANE NUBAR
11 GANNA INVEL



NATRICES: HELAS

GI0T0 GCom
GPAIR

1.000E+10

1.000E+10
GINCH

1.000CL+10
nan
INVEL

1.000E+10

1.000E*10
GINCH

GPAIR

1.000E+10
Nan

INVEL

1.000E+10
c1xcn

1.0008+10
]
GANNA

1.0008+10
GINCE

1.0008+10

81 SUB 2 3.G00R+02
MATRICES: NG
)] Sus 3 0.000E+00
VECTORS: GWTO ¢TO0TO
NATRICES: GCOH GINCH
82 sUs 1 3.000E+02
VECTORS: BVTO §TOTO
NUBAR I
NATRICES: NELAS N2§
02 sus 2 3.000E+02
MATRICES: NG
82 suB 3 0.000E+00
VECTORS: GWTO0 GTOTO
NATRICES: GCOB GINca
a3 SUB 1 3.000E+02
VECTORS: N¥TO ¥T07T0
) 8.4 GAXNA
NATRICES: BELAS W2§
B3 SuB 2 0.0008+00
VECTORS: GWTO0
NATRICES: GCON GINCE
BE3 SUB 1 3.0008+02
VECTORS: BVTO §T0TO ERLAS
DARE XUBAR
NATRICES: FELAS
BE3 sUs 2 0.000E+00
VECTORS: GVTO G70T0  GCOE
NATRICES: GCON GINCE
5EA SUB 1 3.000R¢02

118

VECTORS: BVT0 §I0T0 UELAS ERAT

GRCAT

GPAIR GABS

NSCAT
[+ HEAT

GSCAT

GPAIR GABS

NSCAT

HEAT KERNA

GSCAT

GPAIR GABS

NSCAT
NP D
1NVEL

GSCAT

BSCAT
KERNA DANE

GHEAT

KERNMA

GHEAT

DAHE

GHEAT

HEAT

GNEAT

NUBAR

DAME

NUBAR

KERMA

11



1.000E+10
(129 [ ]

1.000E+10
NINEL
(114
N16D
¥23D
) § 4
INVEL
¥02D
N10D
N18D
¥26D

1.000E+10

1.000E+10
GINCE

1.000E+10
NINEL
NOST
13T
21T
5

N3NA
o8t
et
Na4T

1.000E+10

1.000%¢10

GANNA  INVEL
MATRICES: BELAS
BE4 sus 2 0.000E+00
VECTORS: GVWTO GTOTO d4con
RATRICES: GCOH GINCE GPAIR
LIe SUB 1 3.000E+02
VECTORS: BVTO ETOTO  NELAS
NO4D BOSD NO6D
§12D N13D 514D
¥20D §21D 522D
28D 529D L[]
NUBAR II GANNA
KATRICES: NELAS N2NA §O1D
§o7 08D ) [o]])
N16D 16D 17D
§23D 24D N256D
LI suB 2 3.000E+02
MATRICES: NO7 [+
L6 suB 3 0.000E+00
VECTORS: GWTO GT0TO GCOoBm
NATRICES: GCOR GINCE GPAIR
L17 SUB 1 3.000E+02
VECTORS: ‘...« TG0 NELAS
N02T §O3T NO4T
nor T nar
 pY 1 N19T N20T
§26T §27T | [
) 9 ¢ GANNA  INVEL
NATRICES: NELAS §2¥§ N2NA
§O5T §O67 §O7T
§13T NI4T N15T
T §227 5237
L17 SUB 2 3.000E+02
NATRICES: §O1 [
LI sUB 3 0.000E+00
VECTORS: GWTO GT0T0 GCOm
NATRICES: GCOm GIECE CPAIR

GSCAT
GPAIR  GaBS

NSCAT
§2NA §NO1D
NoeD NOSD
N16D | g
§24D 25D
T HEAT
NO3D ¥04D
11D Ni2D
N18D §20D
N27D N28D

) [+

GSCAT
GPAIR  GABS

BSCAT
nay ¥2Na
NOeT NO7T
Ni4T ¥156T
N227 §23T
HEAT KERXA
 [+}} 02T
NOST nior
nit | 31 29
§25T N2eT

) [

GSCAT
GPAIR GaBS

GHEAT

502D
N10D
%18D
NaeéD
KERMA

NO6D
13D
N21D
§29D

GHEAT

N3NA
NO8T
N167
N24T
DAXE

§03T
T
2197
27T

GREAT

§03D
N11D
N19D
¥270
DAME

) [o]1)
§14D
522D

K01
NOST
nit
N256T
BUBAR

NO4T
5127
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BE9

BE9

BE9

B10

B10

SuUB 1
VECTORS: HV¥TO
1
XT800

NATRICES: BELAS

sus 2
HATRICES: NG

sUB 3

VECTORS: GWTO
MATRICES: GCOH

SUB 1
VECTORS: WWTO
NOBA
N13A
N231DAA
N29DAa
DAME
KT801
MATRICES: NELAS
NO8A
Ni16A
N24DAA
SUB 2
MATRICES: NG
SuB 3
VECTORS: GWTO

NATRICES: GCOB

U235

120

sus 1
VECTORS:

NATRICES:

3.000E+02
NTOTO
HEAT
NUBAR
2

3.C00E+02
POl

0.000E+00
GTOTO
GINCH

3.000E+02
NTOTO
 [+].7]
Ni4DAA
§22A
NG
KT600
NUBAR
 [+)]
NOSA
Ni7A
N26A

3.000E+02
NT301

0.0v0E+00
GTOTO
GINCH

3.000E+02

ETOTO

| ¥1.14

) [+

516

N23

| K}
NUBAR
¥FT0T

) [+]:]

1.000E+10
BELAS N28
KERMA DAME
XI GAMKA
1.0CO0E*10
1.000E+10
Gcon cIncs
GPAIR
1.000E+10
BELAS  DNINEL
o7 NOBA
Ni6?P Niea
N23DAA N24DAA
14 D
KT601 CABS
X1 GAMXA
N02 NO3
N104 N11A
N18DAA E194
N26DAA W27DAA
1.000E+10
NINEL NP
1.000E+10
GCoB GINCE
GPAIR
1.000E+10
NELAS  NIWEL
N3NF NO1
Nos o9
Nie 7
N24 §25
532 KX
) 3¢ GAMNMA
| [+]] 502
NO® 10

NSCAT
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