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INTRODUCTION

INTRODUCTION

The DANTSYS code package includes the following transport codes: ONEDANT,
TWODANT, TWODANT/GQ, TWOHEX, and THREEDANT. This document is the
central user, methods and programming documentation for the system of codes.

The DANTSYS code package is a modular computer program package designed to
solve the time-independent, muhigroup discrete ordinates form of the Boltzmann trans-
port equation in several different geometries. The modular construction of the package
separates the input processing, the transport equation solving, and the post processing
(or edit) functions into distinct code modules: the Input Module, one or more Solver
Modules, and the Edit Module, respectively. The Input and Edit Modules are very gen-
eral in nature and are common to all the Solver Modules. The ONEDANT Solver Mod-
ule contains a one-dimensional (slab, cylinder, and sphere), time-independent transport
equation solver using the standard diamond-differencing method for space.hmgle discret-
ization. It was previously documented in Ref. 1. Also included in the package are Solver
Modules named TWODANT, TWODANT/GQ, THREEDANT, and TWOHEX. The
TWODANT Solver Module solves the time-independent two-dimensional transport
equation using the diarnond-differencing method for space/angle discretization and was
previously documented in Ref. 2. We have also introduced an adaptive weighted dia-
mond differencing (AWDD) method for the spatial and angular discretization into
TWODANT as an option. The TWOHEX Solver Module solves the time-independent
two-dimensional transport equation on an equilateral triangle spatial mesh. The user’s
guide for TWOHEX was previously documented in Ref. 3. The THREEDANT Solver
Module solves the time independent, three-dimensional transport equation for XYZ and
RZ@ symmetries using both diamond differencing with set-to-zero fixup and the AWDD
method. The TWODANT/GQ Solver Module solves the two-dimensional transport
equation in XY and RZ symmetries using a spatial mesh of arbitrary quadrilaterals. The
spatial differencing method is based upon the diamond differencing method with set-to-
zero fixup with changes to accommodate the generalized spatial meshing.

This manual describes the standardized Input and Edit Modules together with each of
the Solvers in the package. Throughout this manual we will refer to this DackaEe as the
DANTSYS code packag~. -

Some of the major features included in the DANTSYS

“ a free-field format ASCII text input capability;

● standardized, data- and file-management techniques

A

code package are:

as defined and developed by the
Committee on Computer Coordination (CCCC) and described in Ref. 4; bo-th sequen-
tial file and random-access file handling techniques are used;

● the use of a diffusion synthetic acceleration scheme to accelerate the iterative process
in the Solver Modules ONEDANT, TWODANT, TWODANT/GQ, and THREED-
m,

● direct (forward) or adjoint calculational capability;
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c standard plane, two-angle plane, cylindrical or spherical geometry options for 1-d;

● x-y, r-z, r-theta, equilateral triangular mesh x-y, and generalized quadrilateral x-y and
r-z geometries in 2-d;

“ x-y-z and r-z-theta geometries in 3-d;

c arbitrary anisotropic scattering order;

● vacuum, reflective, periodic, white, albedo*, or surface source boundary condition
options;

c inhomogeneous (fixed) source or ~ff calculation options as well as time-absorption
(alpha), nuclide concentration, or dimensional search options;

● “diarnond-differencing” for solution of the transport equation;

● AWDD available in the TWODANT and THREEDANT modules;

c A coupled S#Monte Carlo option for the TWODANT module;

c user flexibility in using both ASCII text or sequential file input;

● user flexibilityy in controlling the execution of both modules and submodules;

c extensive, user-oriented error diagnostics.

DANTSYS is a large, very flexible code package. Great effort has been devoted to mak-
ing the code highly user-oriented. Simple problems can be easily run and many of the
code options can be ignored by the casual user. At the same time numerous options for
selective and sophisticated executions are available to the more advanced user. In all
cases, redundancy of input has been minimized, and reasonable default values for many
input parameters are provided. The input is designed to be meaningful, easily under-
stood, easily verified, easy to change, and logically common for all solvers. The printed
output is well documented with liberal use of descriptive comments and headings.

*Only operative in the ONEDANT solver.
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DOCUMENTATION SUMMARY

The Sn Code package includes documentation for varying audiences.

Table 1.1 Documentation Elements

Documentation
me

Introduction

Users Guide

Details

Details

Reference

Reference

Details

Methods

Details

Reference

Reference

Reference

Reference

Title

Introduction and System Over-
view

ONEDANT Users Guide

TWODANT Users Guide

TWODANT/GQ Users Guide

TWOHEX Users Guide

THREEDANT Users Guide

Details of the Geometry and
Solver Input

Running the Edit Module

Free Field Input Reference

Cross Section Libraries

Material Mixing Tutorial

====+

Bibliography

Since the ONEDAN’T Code Package was first released in 1982, it has undergone numer-
ous changes in the form of bug fixes, modification to improve the code’s robustness, and
new features and capabilities. In addition, the current code package contains the
TWODANT, TWODANT/GQ, THREEDANT, and TWOHEX Solver Modules, as well
as the ONEDANT Solver Module.
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This documentation contains all of the revised ONEDANT user’s manual.1 Also
included are the published manuals for TWODANT2 and TWOHEX.3

Newly written are user’s guides for the TWODANT/GQ and THREEDANT codes.

The user’s guide for each solver is a separate chapter of this document and is intended to
be complete enough that it can be extracted from the document and used as a separate
input manual for that solver, with the remainder of the document serving as reference
material. Thus, you will find a short summary of the free field input in each of the user’s
guides which will be sufficient to remind the experienced user of the operators available,
but more detail wiU be found in the chapter focusing on the free field input that is found
in the complete document. You will also find a references section that focuses on that
particular solver in each of the user’s guides.

Although the original ONEDANT manual’s detailed focus was on the one-dimensional,
discrete ordinates Solver, there was much general information on the structure of the
overall package, the manner in which input is supplied by the user and multigroup cross
section libraries accepted, the manner in which nuclides are mixed, how edits are per-
formed, etc. These general features that apply to the other Solver Modules as well were
accordingly moved to their own chapters in this document.
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ACOMMON MODELING CONCEPTS

Certain modeling concepts are common to more than one solver module. For instance,
in the geometry area, the concept of a calculational fine mesh is common to all the mod-
ules in the package. The concept of a coarse mesh is common to all but TWOHEX and
TWODANT/GQ. The transport solution strategy is generally the same for all modules.
These common concepts are discussed in the sections below.

Geometry Concepts

In the specification of geometry and space-variable related input, the user must be famil-
iar with the nomenclature used by DANTSYS. The terms fine mesh, coarse mesh, and
zones are defined below for the three orthogonal geometry solvers: ONEDANT,
TWODANT and THREEDANT.

Figure 1.1 Spatial mesh labeling convention in DANTSYS.

The fine mesh is the spatial solution-mesh for the problem, as depicted in Figure 1.1
above. Each fine mesh, or fine mesh interval, is bounded by an adjacent pair of fine-
mesh grid-surfaces xi.1/2 and xi+112with xi-112c xi+llz iII the x dir~tion; yj-1/2and yj+l/2

with Yj-112< Yj+l/2 in the Y dir~tion; zk-1/2 and zk+l/2 with zk-1/2 C zk+l/2 in the z direc-
tion There are IT, JT and KT such fine mesh intervals respectively. No material disconti-
nuities may occur within a fine mesh interval. The specification of the fine mesh is
accomplished by specifying how many equally sized fine mesh intervals there are in
each coarse mesh.

The coarse mesh is a spatial superset of the fine mesh and is formed by partitioning the
spatial domain of the problem into a suitable number of “coarse” intervals. There are
IM, JM, and KM coarse mesh intervals in each of the coordinate directions spanning the
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problem. Each coarse mesh interval contains one or more fine mesh intervals. All fine
mesh intervals within a coarse mesh interval have equal widths. No material discontinu-
ities may occur within a coarse mesh interval.

The zone is a spatial superset of coarse mesh intervals and is characterized by a single
set of multigroup nuclear properties, i.e., cross sections, so that all fine mesh intervals
within a zone have the same cross sections. The user assigns a zone number to each
coarse mesh interval. The zone number tells the code which macroscopic cross section
set is to be used within that zone. Coarse mesh intervals having the same zone number
need not be simply connected.

A zone number of O (zero) can be used to specify that a coarse mesh interval is a pure
void (all cross sections are identically zero).

More detail on these concepts is to be found on page 7-13.

Iteration Strategy

In this section is described the basic iteration strategy used in the execution of all the
Solver Modules. A more detailed description of the strategy is given on page 7-15
including the iteration controls that the user inputs and a discussion of the iteration mon-
itor printout that is printed in the output.

The basic features of tie iteration strategy are shown in the simplified flow diagram in
Figure 1.2.

The iterative strategy is basically divided into three parts: inner iterations, outer itera-
tions, and eigenvalue search iterations.

The inner iterations are concerned with the convergence of the pointwise scalar fluxes in
each group due to iteration on within-group scattering processes. For eigenvalue prob-
lems, the source to each group is given by the fission source from the previous outer iter-
ation plus any in-scattering sources. For fixed source problems, the source to each group
is the input source distribution plus the in-scattering source.

The outer iterations are concerned with the convergence of the eigenvalue, the fission
source distribution and the energy-group upscatter source if any or all are present.

The eigenvalue search iteration is the ability of the code to adjust some parameters of
the problem, namely the isotopic concentrations or the spatial dimensions of selected
coarse mesh intervals, to obtain a desired value of the ~fi Also the alpha eigenvalue

(time constant) of the system is determined by a search procedure based upon successive
determinations of ~ff

Both the inner and outer iterations are accelerated using the diffusion synthetic method.
See page 12-14 for the theory of this method. TWOHEX does not use the diffusion syn-
thetic acceleration method; rather, it uses Chebychev acceleration.
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Figure 1.2 Simplified flow diagram of SOLVER iteration strategy
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Modular Structure and Interface Files

There are some times when the user must be aware that the code is constructed on a
modular basis with files supplying the communication between modules. This general
structure is shown in Figure 1.3. Each of the solution techniques employs a different
solver module.

The purpose of the input module is to convert the text input into interface files that then
drive the solver and optionally the edit modules. -

Solver Module

t
- Control Flow

Edit Module

1

- Data Flow

Figure 1.3 DANTSYS Structure

More detail on this topic will be found in the chapter “ONEDANT, TWODANT, TWO
HEX, TWODANT/GQ, and THREEDANT — Code Structure”.
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INTRODUCTION

● INTRODUCTION

The ONEDANT code is a modular computer program designed to solve the one-dimen-
sional, time-independent, multigroup discrete-ordinates form of the Boltzmann transport
equation.1’2

ONEDANTm is based on the modular construction of the DANTSYSW code system
package. This modular construction separates the input processing, the transport equa-
tion solving, and the postprocessing, or edit functions, into distinct, independently exe-
cutable code modules, the INPUT, SOLVER, and EDIT modules, respectively. These
modules are connected to one another solely by means of binary interface files. The
INPUT module and, to a lesser degree, the EDIT module are general in nature and are
designed to be standardized modules used by all the codes in the package. Different
solution techniques are invoked simply by executing different SOLVER modules in the
package. This SOLVER choice is automatically made by the INPUT module through an
analysis of the input stream.

The ONEDANT code is simply the DANTSYS code package with a one-dimensional
SOLVER module.

Some of the major features included in the ONEDANT package are:

1. a free-field format text input capability, designed with the user in mind,

2. standardized data and file management techniques as defined3 and developed by
the Committee on Computer Code Coordination (CCCC); both sequential file
and random-access file handling techniques are used,

3. the use of a diffusion synthetic acceleration scheme4 to accelerate the iterative
process in the SOL~ module,

4. direct (forward) or adjoint calculational capability,

5. standard plane, two-angle, cylindrical or spherical geometry options,

6. arbitrary anisotropic scattering order,

7. vacuum, reflective, periodic, white, albedo, or surface source boundary condition
options,

8. inhomogeneous (fixed) source or keti calculation options, as well as time-absorp-
tion (et), nuclide concentration, or dimensional search options,

DANTSYS and ONEDANT are trademarks of the Regents of the University of California,
Los Alamos National Laboratory.
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9.

10.

11.

12.

“diamond-differencing” for solution of the transport equation,

user flexibility in using either ASCII text or sequential file input,

user flexibility in controlling the execution of both modules and submodules, and

extensive, user-oriented error diagnostics.
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DOCUMENTATION FOR ONEDANT USAGE

The documentation described here constitutes a complete manual for the use of the
ONEDANT code. It is intended to fully replace the former ONEDANT manual.5

Included are two general categories of information. The first category is in this User’s
Guide and is oriented towards preparing input to the code. The second category is of a
background, reference, conceptual, tutorial, or theoretical nature and is intended prima-
rily for the novice or fist time user; an experienced user generally needs only this User’s
Guide.

What Is In This User’s Guide

This User’s Guide is a chapter from the much larger DANTSYS document. This Guide
provides the ASCII text input specifications for ONEDANT.

The guide is intended to serve as a complete input manual for two classes of user. Spe-
cial, succinct sections containing summaries and compact tables are intended for the
advanced user in order to make his input preparation more efficient. The main body of
the guide concerns itself with descriptions of the input and should be sufficient for the
user familiar with discrete ordinates concepts. Novice users may find other chapters of
the document necessary.

This Guide first gives an overview of the input block order required by the code.

Next is a “mini-manual” in which are listed all the names of available input arrays
arranged by input block. Definitions of input arrays are not given, as the names are sug-
gestive, but expected types and sizes are provided. This mini-manual is very useful to
the user as a quick check for completeness, a quick reference to type and size, and an
index into the more detailed array descriptions that follow. For the experienced user, the
mini-manual is frequently all that is needed to prepare a complete input deck.

Following the mini-manual are reference sections describing in detail all the input
parameters and arrays.

Appendix A provides two sample ONEDANT problems with explanation of the output
for the user.

Lastly, Appendix B details operating system specifics, including how to effect an execu-
tion of the code.

Information of a reference, background, or theoretical nature that the fist time user may
need may not be found in this User’s Guide, but the user will encounter liberal refer-
ences to other chapters of this document for that sort of information.
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What Is Available Elsewhere

Inaddition tothis User’s Guide, the user, especially the first time user, may find the
information below described in other chapters of this document pertinent. For even
greater detail on some of the general items, particularly the methods items, the user
should look at Ref. 6.

The chapter “DETMLS OF THE BLOCK-I, GEOMETRY, AND SOLVER INPUT”
starting on page 7-1 discusses in more detail the geometry and solver concepts and their
related input. If the User’s Guide proves insufficient for your needs, look in this chapter.
Among the many sections of the chapter are ones on the input of inhomogeneous
sources and a discussion of eigenvalue searches. There is also more detail on the Block-I
input.

A discussion of how the EDIT module works and more detail on preparing the input is
given in the chapter “RUNNING THE EDIT MODULE” starting on page 8-1.

The chapter “FREE FIELD INPUT REFERENCE” starting on page 9-1 serves as the
reference manual for the free-field input (rules, format, and operators) used in this code.
That chapter is summarized in this guide, but should the summary prove inadequate, the
user is referred there for full details.

The chapter “CROSS-SECTION LIIMURIES” starting on page 10-1 gives details of
the many library formats available to ONEDANT, including sections on how to prepare
your own card-image (or text) libraries.

The chapter “MATERIAL MIXING TUTORIAL” starting on page 11-1 describes the
mixing concepts in detail and shows some examples.

Next is the chapter “ONEDANT, TWODANT, TWOHEX, TWODANT/GQ, and
THREEDANT — Methods Manual” starting on page 12-1. That chapter describes the
theoretical basis for the ONEDANT code as well as the other codes in the DANTSYS
package.

In the chapter “ONEDANT, TWODANT, TWOHEX, TWODANT/GQ, and THREED-
ANT — Code Structure” starting on page 13-1 is shown a brief overview of the code
package. Included are sections on programming practices and standards, code package
structure, and functional descriptions of the three principal modules comprising the
package. In particular, the code package structure must be understood in order to make
up input for piecewise executions of the code that are possible with controls that are part
of the input in Block-I.

Error diagnostics that the user might encounter are found in the chapter “ERROR MES-
SAGES” starting on page 14-1. Several examples of input errors and the resulting error
messages are provided for the user.

The chapter “FILE DESCRIPTIONS” starting on page 15-1 is a reference that describes
all the files used by the package. Included is a detailed description of the file structure of
the code dependent, binary, sequential interface files generated by and used in the
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DANTSYS package. Also included are descriptions of any other files produced or used
by the package, both binary and text. In some cases, this may simply be a reference to a
more comprehensive document, such as the file descriptions for the CCCC standard
interface files.
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ONEDANT INPUT OVERVIEW

Input Block Order

The full ONEDANT input consists of a title line section, followed by six blocks of free
field input. The title line section is not free field. Any input referred to as a block uses
the free field input form.

Block-I consists of basic control and dimensional information that allows efficient pack-
ing of the array data in the available memory. This information also allows checking of
the lengths of arrays supplied in subsequent blocks or those from interface files.

Block-II contains the geometric information.

Block-111 consists of the nuclear data specifications.

Block-IV contains mixing information.

Block-V contains the rest of the input needed for speci~ing the flux calculation.

And lastly, Block-VI contains the edit (i.e., report writing) specifications.

If a text cross-section library is to be included in the input deck, it should be placed
between Blocks III and IV. ONEDANT supports many library formats and so the library
may or may not be in free field format depending upon the option chosen.

A full input would then look like that diagramed on the following page.
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Title Line Count

(’ Block-I
(Controls and Dims)

T

U?_l
Block-III
(Nuclear Data)

T

f

Text Cross Sections
(optional)

[

Block-IV
(Mixing)

T

E
E

Figure 2.1 ONEDANT Input Order
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Free Field Input Summary

The chapter “FREE FIELD INPUT REFERENCE” starting on page 9-1 is summarized
here for quick reference.

There are four basic input quantities in the free field input used in ONED~, they are
ARRAY, DATA ITEM, BLOCK, and STRING. Each of these is briefly described
below along with the concept of an input operator.

Arravs

The “Array” is the most basic concept in the input. Data are given to the code by placing
data items in an “Array.” To make an input to an array, one simply spells out the array
name, appends an equal sign, and follows that with the data items to be entered into the
array. For example, input for the x distribution of the volumetric source, for which the
unique array name is SOURCX, might look like:

SOURCX= OOO1.11.1OOOOO

The above input would enter source values of zero for the fist three intervals, 1.1 for the
next 2 intervals, and then fill the rest of the ten positions in the array with zero.

Data items within an array are separated by blanks or commas. In general, blanks may
be used freely throughout except within a data item, within an array name, or between
an array name and its equal sign.

Single value input variables are treated as arrays of unit length.

~eric Data Items

Numeric data items follow a Fortran input convention. For example, all of the following
are valid entries for the number ten:

10, 1.0+1, lE1, 10.0

If a decimal point is not entered, it is assumed to be after the right-most digit.

Some arrays expect integer values for input. For such arrays, any input values contain-
ing a decimal point will be truncated.

Character Data Items

Character data items follow a Fortran variable name convention in that they are com-
posed of up to eight characters, the first of which must be alphabetic with the rest alpha-
numeric. However, special characters and blanks may be included if the data item is
surrounded by double quotes.
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Arrays are entered in groups called blocks. A block consists of one or more arrays (in
any order) followed by the single character T. Thus T is the block delimiter.

St.riM

Arrays may need to be entered in smaller pieces called strings. Strings are delimited
with a semicolon(;). When there is matrix or other 2-d input, strings are frequently used
to input information by row rather than for the whole 2-d array at once. The code dic-
tates this, the user has no choice. The user is made aware of which arrays require string
input through use of a certain notation, described later, in the input array descriptions.

-ents

A slash (/) maybe used to enter comments in the input stream. After a slash is read, no
further processing of that card-image is done.

Several data operators are available to simplify the input.

The data operators are specified in the general form

nO d

where:

n is the “data numerator,” either an integer or a blank;
O is any one of the “data operator” characters shown below; and
d is a “data entry” (maybe blank for some operators).

A “data entry” must be a numeric data item; a character da~ item cannot be used with an
operator.

Note: The “data operator” character must be appended to the “data numerator.”

Using operators, the SOURCX input described above could more succinctly be given as:

SOURCX= O 00 2R1.1 FO

Note that the operators for FIDO-like repeat and fill were used and were appended
directly to the data numerator. In general, all the FID07 operators may be used in
numeric entry.

A table of the most used operators is given next including brief descriptions. For full
descriptions of these and a complete list of all the available operators, including the
more esoteric ones, the user is referred to ‘TREE FIELD INPUT DETAILS’ on
page 9-13.
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Frequently Used Operators

OperatoF Functionality

nRd REPEAT the data item d, n times.

nId INTERPOLATE (linear) n data items between data item d and the next
data item.

nC d SCALE (multiply) the n previous entries by d.

Fd FILL the rest of the data string with the data item d.

nY m STRING REPEAT. Repeat the previous m strings, n times.

nLd INTERPOLATE LOGARITHMI CALLY n data items between d and
the next d.

nz ZERO. Enter the value zero n successive times.

nS SKIP. Skip the next n data items.

nQ m SEQUENCE REPEAT. Enter the last m entries, n more times.

nG m SEQUENCE REPEAT WITH SIGN CHANGE. Same as the Q option
but the sign of them entries is changed every repeat.

nNm SEQUENCE REPEAT INVERT. Same as the Q option but the order of
the m entries is inverted each repeat.

nMm SEQUENCE REPEAT INVERT WITH SIGN CHANGE. Same as N
option but the sign is also changed every repeat.

nx COUNT CHECK. Causes code to check the number of entries in the
current string so far, against the number n.

a. The operator character must always be appended directly to n. d or m need not be immediately adja-
cent to the operator character.
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MINI-MANUAL Introduction

On the following few pages is given a complete list of the input names, expected array
sizes, and order within the array. No description of the array contents is given in this
MINI-MANUAL as full details are given in later sections. The MINI-MANUAL is
intended to serve as a quick reference for the knowledgeable user.

In both the MINI-MANUAL and in the detailed sections which follow, a shorthand form
is used to indicate the size and order of the array that the code expects. This information
is enclosed in square brackets immediately after the array name. Essential features are:

1.

2.

3.

4.

5.

A single entry in the brackets is the array length.

No brackets at all indicates a simple variable (i.e., an array of unit length).

A dash (-) in the brackets indicates an arbitrary length.

A semicolon (;) indicates that the input for that array is expected in strings. To the
left of the semicolon is the string length. To the right of the semicolon is the num-
ber of strings in the array.

If the number of strings is shown as a product, the order is important. The left-
most quantity must be exhausted first, then the next one to the right is varied. For
example, the array name for the full spatial source distribution is shown as:

SOURCF ~NGROUP*NMQ]

where IT is the number of fine meshes in the X-direction, NGROUP is the num-
ber of energy groups, and NMQ is the number of input source moments. For this
array, the first string is composed of the P. source values for each x mesh point
for group 1. The next string is the P. source values for each x mesh point for
group 2. When NGROUP strings have been entered (thus exhausting the P. val-
ues), one enters in the next string the PI source values for each x mesh for group
1. The PI values for group 2 follow. Continue until all NMQ moments are speci-
fied.

Note: Usually, values for the quantities within brackets will have already been
specified in the input. Sometimes, however, a quantity is derived from the
array input itself. For instance, in this particular case, NMQ is not an input
quantity; rather, the code counts the number of strings and then, knowing
NGROUP, deduces what NMQ must have been.
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(-IFNHEAD>O)

/
Block-I: Controls & Dimensions

IGEOM
NGROUP
ISN
N-Lso
MT
NZONE
m
IT

MAXLCM
MAXSCM
.- -- -- -- --

MINIPRT

NOFGEN
NOSOLV
NOEDIT

NOGEOD
NOMIX
NOASG
NOMACR
NOSLNP
NOEIYIT
NOADJM

T

Block-II: Geometry

XMESH ~+1]

XINTs m]

ZONES m]
T

/

ONEDANTINPu’r OVERVIEW MINIMANUAL

MINI MANUAL

E

Title Line(s]

ONEDANT USER’S GUIDE Vemion 3.0

/
Block-III: Cross Sections

LIB
valid: ODNINP

XSLIB
ISOTXS
GRUPXS
BXSLIB
MACRXS
M4CBCD
XSLIBB
(loeal)MENDF
(local)MENDFG
alternate XSLIB name

WRITMXS
valid MACBCD

XSLIBB
XSLIBF
XSLIBE

LNG
BALXS
NTICHI
CHIVEC [NGROUP]
LIBNAME
-- - -- -- -- -- --

Rest of this block is needed only for text
Iibraxies.

MAXORD

m-r
IHs
IFrDo
ITITL
12LP1
SAVBXS
KWIKRD (default:l)
NAMES [NISO]
EDNAME [IHT-3]
NTPI [NISO]
VEL [NGROUP]
EBOUND [NGROUP+l ]

T
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r

Block-IV Mixing

MAIZS [-;MT]
ASSIGN [-;NZONE]

PREMIX [-;-]

ASGMOD [-;-]
CMOD

MATNAM [MT]
ZONNAM ~zoNE]
MATSPEC [-]

valid ATFRAC
WTFRAC
ATDEN

Am [-]

T

Block-V Solver

IEVT
ISCT
ITH
IBL
IBR

EPSI
EPSO
IITL
IITM
OITM
ITLIM

KCALC

r

Solver (continued~

-– Output Controls ---

FLUXP
XSECTP
FISSRP
SOURCP
GEOMP
ANGP
BALP
R4FLux
RMFLux

---Miscellaneous –-

BWTH
BHGT
NORM
12ANG

TRCOR
valid. DL4G

BHS
CESARO
NO

CHI ~GROUP;M]

DEN UT]

–- Quadrature -------

IQUAD
WGT [MM]
MU ~M]

-– Flux Guess -------

Influx
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/
Solver (cent.inuedl

--- Searches ---------

IPVT
Pv
EV
EVM
XLAL
XLAH
XLAX
POD

RM [IM]

---- Albedoes ----

LBEDO [NGROUP]
RBEDO ~GROUP]

----Volumetric Source----

INSORS

SOURCE ~GROUP;NMQ]
-or-
SOURCX [ITjVMQ]
-or both-
SOURCX ~,NMQ] and
SOURCE [NGROUP;NMQ]
-or-
SOURCF [~,NGROUP*NMQ]

-----Boundary Source -----

SILEFT [NGROUP]
WRITE ~GROUPJ
-or-

SALEIW [W~NGROUP]
SARITE[W2;NGROUP]

T

/

PTED
ZNED

POINTS ~], KIT
EDZONE [IT]

EDXS [K], IKNEDT
RESDNT
EDISOS ~], KSNISO
EDCONS [K], K9US0
EDMATS [K], KSMT
XDF ~]

RSFE [NGROUP;-]
RSFX [~,-]
RSFNAM [-]

ICOLL [K], IKNGROUP
IGRPED

MICSUM [-]
LRSUMS [-]

MASSED

POWER
MEVPER

RzFLux

EDOUTF
BYVOLP
AJED
FLuxoNE

T
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● ONEDANT INPUT DETAILS

Introduction

The following pages of this section give details for each of the input arrays. All valid
ONEDANT arrays are discussed in this section in detail complete enough to form the
input.

However, the beginning user, particularly one unfamiliar with discrete-ordinates codes,
may find that he is missing some information of a background nature. See “What Is
Available Elsewhere” on page 2-14 for that.

First, here are a few general instructions:

1. All six of the input blocks are normally included. Block-I is always required but
any of the other five blocks may be omitted under the proper conditions. The
input module reads each block in turn and from it generates one or more binary
interface files. The interface files drive the SOLWR and EDIT modules. Thus, if
the user wants no edits, the Block-VI input maybe omitted. Then with no inter-
face file, the EDIT module will not be executed. Alternatively, if the interface file
is available from another source, the corresponding block of input may be omit-
ted. For instance, Block-II describes the geometry. The input module normally
writes this information to the GEODST interface file. If the GEODST file is
available from another source or a previous run, the Block-II input may be omit-
ted.

2. A general theme of the ONEDANT input is that arrays that are not needed are not
entered. Presence of an array indicates that it should be used. Thus, for example,
if the density array is entered (DEN array), the cross section at each mesh interval
will be modified accordingly. No separate switch need be set to say that the cal-
culation should be done. To eliminate the density modification, simply remove
the DEN array from the input or comment it out.

3. The arrays, in general, are grouped in the input instructions according to func-
tion. Thus, for example, the input arrays for the volumetric source are found in a
single table, or grouping, of input.

4. Groupings of input data may be marked as “Required” or “Optional” in order to
guide the user and speed navigation through the input instructions.

“Required” means that at least one of the arrays in the grouping must be entered.
Thus, you must read through the grouping and enter at least one of the arrays
found there.
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5.

6.

7.

8.

9.

10.

11.

Groupings marked “Optional” may be skipped if the subject is inappropriate.
Thus, using the previous example, if one has no volumetric source, one simply
skips to the next grouping of input; there is no need to read about any of the
arrays within the volumetric source grouping.

Arrays in groupings not marked as “Required” or “Optional” should be reviewed.
These groupings contain arrays of vital data that are used in every calculation,
but have default values. Thus, although you may not make any input to these
arrays and they are in that sense optional, you must concern yourself with them to
ensure that the default values are what is intended.

Input arrays may also be marked individually. If not marked, they inherit the
marking of the grouping in which they are contained. Thus, an unmarked array in
a “Required” grouping is required input and you must enter that array. An
unmarked array in an “Optional” grouping is optional.

You may encounter a “Required” array within an “Optional” grouping. That
means that if you decide to invoke the option represented by that grouping, you
must input that particular array. For example, if you want user defined response
function reaction rates calculated, you must input the RSFE array.

All arrays within unmarked groupings are optional. However, values in these
arrays may be used by the code, so you should concern yourself with the default
values if you choose not to enter a value.

Unless specifically noted otherwise, the default on all numeric inputs is zero.

In an adjoint run, none of the groupwise input arrays should be inverted. The
code will externally identify all groups by the physical group number, not by the
calculational group number (the calculational group number is in inverse order).
Thus, the user interface should be consistently in the physical group order.

The use of information within square brackets to indicate the size of arrays and
strings and the order within those arrays is the same as described in “M.lNI-
MANUAL Introduction” on page 2-22.

Except where noted, arrays and strings must contain the exact number expected
by the code (as indicated in the array or string description). If not, the code will
eventually abort with a (hopefully) descriptive error message or messages.

New users reading these instructions for the first time and unfamiliar with the
ONEDANT input may find it helpfid to follow the sample input in Appendix A
while reading this section.

Array names are shown here in upper case. What you should actually input for
them will depend upon the code’s implementation on your platform. ‘At the
present time, on most platforms, you should use lower case input.
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12.

13.

14.

Items in italics in the input instructions indicate actual values that maybe entered
for an array. You will frequently find switches where the input is the digit Oor the
digit 1. This will be represented by 0/1 in the input description. In other arrays
where an exact character string is required such as “ISOTXS>’ in the LIB array,
you will find the notation ISOTXS. Note that in this notation, the word is both
upper case and italicized. This combination means you must enter exactly those
characters. Again, although the characters will be shown here in upper case, what
you should actually input for them will depend upon the code’s implementation
on your platform.

When a template for the input form is given, as for the MATLS array, the style in
the template tells the user what is expected. Lf an input word or value is lower
case and italicized, the user is to replace that position with the entry of his choice.
If the input word is in italicized style and in upper case, the user is to input
exactly those characters to achieve the desired result. Depending on the imple-
mentation on your platform, the input word, itself, is usually in lower case.

Units to be used for the input quantities are not spelled out as they only need to
be self consistent. However, the following are commonly used: Dimensions in
centimeters, isotopic cross sections in barns per atom; then it follows that atom
densities are in atoms per barn-centimeter. Sources are particles per cm3 per sec-
ond for volumetric sources and particles per cm2 per second for boundary
sources; fluxes will then be in particles per cm2 per second.
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Title Line Details

Title Line Control
(format 316)a

{Required}

word Name Comments

1 NHEAD Number of title lines that follow.b

2 NO’M’Y Suppress output to on-line user
terminal?
0/1 = nolyes.

3 NOLIST Suppress listing of all ASCII text
in Ut?

Y01 = nolyes. (default=no)

a. WARNING! Note that this first line is in fixed format.

b. Follow this control line with NHEAD title lines containing descriptive comments.
Each title line may contain up to 72 characters.
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Block-I Details: Dimensions and Controls

Dimensions
{Required}

Name Comments

IGEOM Geometry. 1/2/3 = planar/cylindrical/sphencal.
or use one of the following character strings:

PLANE, CYLINDER, CYL, SPHERE, SPH, SLAB, SLAB2ANGa

NGROUP Number of energy groups.

ISN Sn order to be used. Must be even.

NIso Number of isotopes on the basic input cross-section library.

Number of materials in the problem(mixed from the isotopes).

NZONE Number of geometric zonesc in the problem.

IM Total number of coarse mesh intervals in the X (or R) direction.

IT Total number of fine mesh intervals in the X (or R) direction.

-- -—
a. E“ SLABZANG is entered, the problem will be run as a 2-angle plane calculation and the Block-V

parameter 12ANG need not be entered.

b. Material is defined on page 2-41.

c. Zone is defined on page 7-13.

d. Coarse mesh is defined on page 7-13.

e. Fine mesh is defined on page 7-13.
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Storage Requirements
{Optional}

Name Comments

MAXSCM Length of SCM desired (default=4000010)

MAXLCM Length of LCM desired (defatdt=14000010)

Note: The above input (Dimensions plus Storage Requirements) for Block-I will cause
the code to attempt to produce a full run, subject to availability of the input
normally found in the other Blocks. The controls below allow shortened print
files, partial runs (say, of only the input module), or cause the code to ignore any
of the other input Blocks present. For full details on their use, see “PIECEWISE
EXECUTION” on page 13-19.

Minimum Print Output
{Optional}

Name Comments

MINIPRT Provide a shortened output print file.’ 0/1 = no/yes.b

a. This shortened print file contains the title, the name of the cross-section library used, the core storage
needed, the iteration monitor, the global balance table, and not much else. However, existing print
controls, such as the variable NOLIST on the first line which controls the listing of the input lines and
the array print controls in the solver modules, work as before and are not affected by the MINIPRT
input. The EDIT module also works as before; MINIPRT has no effect on its output.

b. You may also use the words no or yes as an entry.
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Run Configuration Controls
{Optional}

Name Comments

NOSOLV Suppress solver module execution. 0/1 = no/yes.

NOEDIT Suppress edit module execution. 0/1 = no/yes.

NOGEOD Suppress writing GEODST file even though the geometry input
(Block-II) may be present. 0/1 = no/yes.

NOMIX Suppress writing mixing files even though the mixing input in
Block-IV may be present. 0/1 = no/yes.

NOASG Suppress writing ASGMAT file even though the assignment input
in Block-IV may be present. 0/1 = no/yes.

NOMACR Suppress writing the MACRXS file even though both Block-LII
and Block-IV may be present. 0/1 = no/yes.

NOSLNP Suppress writing the SOLINP file even though Block-V may be
present. 0/1 = no/yes.

NOEDTT Suppress writing the EDITIT file even though Block-VI may be
present. 0/1 = no/yes.

NOADJM Suppress writing the ADJMAC file even though an adjoint
calculation is called for. 0/1 = nolyes.

Note: Default on all these controls is no.
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Block-II Details: Geometry

Geometry Arraysa
{Required}

II Name Comments

XMESH ~+1] x (or r) coordinates of coarse mesh edges.

XINTs ~] Number of fine meshes in each coarse x (or r) mesh.
(Entries must sum to IT).

ZONES ~] Zone numberb for each coarse mesh. This array defines
the geometric zones to which cross-section materials
are assigned. The zone number must not be greater than
NZONE.

a.

b.

Definitions of coarse mesh, fine mesh, and zone are given in the chapter “DETAILS OF THE
BLOCK-I, GEOMETRY, AND SOLVER INPUT” starting on page 7-1. The information entered in
this block is written to the CCCC standard interface file GEODST.

A zone number of zero indicates the mesh contains a voi~ and no cross section will be associated
with that mesh. The zero zone number is not counted in the total zone count NZONE.
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Block-III Details: Nuclear Data

Nuclear Data Type and Options
{Required}

Name Comments

LIB Namea and form of the cross-section data file.
Enter as a data item one of the following words:

Word DescrilXion

IsoTxsb CCCC standard isotope ordered binary cross-
section file.

XSLIB ASCII text library supplied in a separate file
named XSLIB.

ODNINP ASCII text library follows after this block of
input (after the T of Block-lII).

GRUPXg CCCC standard group ordered cross-section file.

BXSLIB Binary library supplied as a separate file named
BXSLIB. [See “Binary Form of Card-Image
Libraries (the BXSLIB file)” on page 10-12.

A4ACRX+ Use existing files named MACRXS for
SOLVER module, SNXEDT for EDIT module.
These files were created in a previous run. Under
this option, any remaining Block-III input and,
unless otherwise specified in Block-I, any
PREMIX and MATLS input in Block-IV will be
ignored.

XSLIBB See “XSLIBB Card-Image Library File” on
page 10-12.

MACBCD ASCII form of MACRXS file.

MENDF (LANL only) See “The Los Alamos MENDF5
Cross-Section Library” on page 10-13.

MENDFG (LANL only) See “The Los Alamos MENDF5G
Gamma Cross-Section Library” on page 10-14.

other If a word other than those listed above is entered,
the code will use the file with that word as its
name, provided that file exists in the user’s file
space. Such a file must be structured as an
XSLIB file.

—
ONEDANT USER’S GUIDE Version 3.0 2-35



ONEDANT INPUT DETAILS Block-111 Details: Nuclear Data

Nuclear Data Type and Options (Cont.)
{Required}

Name Comments

WR.ITMXS Controls the code’s writing certain ASCII cross-section files.e
{optional} Enter one of the following words:

Word Description

MAC13CD Creates the cross-section file named MACBCD,
an ASCII image of the MACRXS binary file.

XSLIBB Creates the cross-section file named XSLIBB, an
ASCII image of the BXSLIB binary file.

XSLIBE Creates the cross-section file named XSLIBE, an
ASCII file derived from, and corresponding to,
the MACRXS binary file. XSLIBE is in Los
Alamos 6E12 format @FIDO=O).

XSLIBF Creates the cross-section file named XSLIBF, an
ASCII file derived from, and corresponding to,
the MACRXS binary file. XSLIBF is in FIDO
fixed-field format (IFIDO=l).

LNG Number of the last neutron group in a coupled neutron-photon
{optional} library. Used only to separate neutrons from gammas in the edits.

BALXS cross-section balance control. Enter one of the following values:
{optional} WARNING See page 10-21 before using!

Value Descrbtion

-1 balance cross sections by adjusting absorption
cross section.

o do not balance cross sections. (default)

1 balance cross sections by adjusting self-
scattering cross section.

NTICHI MENDF fission fraction to be used for the problem (LANL only).
{optional} 1/2/3 = Pu239/U235/U238 (default is U235). Will be overridden

by any CHIVEC input described below or by any zone-dependent
CHI in input Block-V.

CHIVEC Chi vector (fission fraction born into each group). Used for every
[NGROUP] isotope. Wfl be overridden by any zone dependent CHI input in
{optional} Block-V.

—
a. On UNIX systems, the user may specify a search path for some of these files using the environment

variable SNXSPATH. See ‘%ibrary Search Path” on page 2-94 for details.

b. The CCCC standard for file ISOTXS does not allow the inclusion of the 2L+1 term in the higher
order scattering cross section. However, if you have a nonstandard file which contains the 2L+1 term,
you may override by setting 12LPl=l. See ‘Text Cross-Section Library Format” on page 2-39.
ONEDANT will then convert the cross sections to the appropriate internal form.

c. The 2L+ 1 term on GRUPXS is treated the same as for ISOTXS. See footnote b..
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d. In the convention used in this user’s guide, a MACRXS library and its image MACBCD contain
“material” cross sections; all the other libraries contain “isotope” cross sections.

e. See “COUPLED NEUTRON-GAMMA CROSS SECTIONS” on page 10-15.

Alternate Library Name
{Optional}

Name Comments

LIBNAME Alternate name of the library file. May be used only with certain
types of libraries. See Table 2.1.

The entries in the LIB input variable normally dictate both the form and the name of the
cross-section library. If the user specified ISOTXS, for example, the code would look for
a file named ISOTXS and expect it to be in the CCCC format for an ISOTXS file.

For some libraries, the user may specify the form in the LIB array and specify separately
the name in the LIBNAME array. The libraries that can be treated this way are shown in
.

Table 2.1 LIBNAME Availability

LIB
LIBNAME

AVAILABLE?

MACRXS No

GRUPXS Yes

ISOTXS Yes

BXSLIB Yes

ODNINP I No I
MACBCD I No I

==-t=-i

MENDFGb
I No I

XSLIB I Yes I
other I Ignored I

a. Available only at Los Alamos.

b. Available only at Los Alamos.
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The BXSLIB file requires special treatment. It is normally created when the original
library is a text library in the ODNINP or XSLIB form. In subsequent runs, this binary
BXSLIB file may be used as the source of the cross-section data. The user may wish to
save this file under another name. The program, in future runs, may then access the
library for reading by using LIBNAME to specify that name.

This procedure is wise because some cases using the BXSLIB form as input also require
rewriting it in order to add new information. When this situation arises, the rewritten file
is always named BXSLIB. Thus, if the original BXSLIB form library had a different
name, it would be protected from being overwritten. For the remainder of the current
run, the program will access the file named BXSLIB

.
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Text Cross-Section Library Format
{Required if LIB= XSLIB or LIB=ODNINP}

Name Comments

MAXORD

IF’Is
{optional}

KFIDo
{optional}

ITITL
{optional

12LP1
{optional

SAVBXS
{optional}

KWIKRD
{optional}

NAMES ~SO]
{optional}

EDNAME ~-3]
{optional}

NTPI ~SO]
{optional}

VEL ~GROUP]
{optional}

EBOUND ~GROUP+l]
{optional}

Highest Legendre order in the scattering tables.

Number of positions (entries) in each row of the
cross-section table.

Position number of the total cross section.

Position number of the self-scatter cross section.
(default = IHT + 1).

Format of the cross-section library.
-1/0/1/2 = Precision(4E18)/Los Alamos(6E12)hixed-
field FIDOlfree-field.

A title line precedes each table. 0/1 = no/yes

Higher order scattering cross sections on the library
contain the 2L+ 1 term. 0/1 = no/yes. Note: For a
non-standard ISOTXS or GRUPXS that contains the
2L+1 term, enter a 1 here.

Save the binary form of the ASCII text library
XSLIB or ODNINP for use in a subsequent run.
Saved on file BXSLIB. O/l = no/yes.

Process fixed-field FIDO-forma~ ASCII text library
with fast processor at the sacrifice of error checking?
0/1 = no/yes (default=yes).

Character name for each of the input isotopes. Can be
used later in mixes. (default names are: 1S01,
1S02 , . . etc.).

Character name for each of the EDIT cross-section
positions used in the cross-section edits. These are
the positions before the absorption cross section in
the cross-section table. (default names are: EDIT1,
EDIT2 , . . etc.).

Number of Legendre scattering orders for each
isotope in the library. (default=MAXORD+l in all
positions).

Speeds for each group. Needed only for alpha
calculations.

Energy group boundaries.
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ASCII text libraries may be entered in one of the four forms indicated by the IFIDO
input. All four forms share the following features: Cross sections are entered in a table
optionally preceded by a title line. A table consists of NGROUP rows of entries. Each
row contains the cross sections for a single group and consists of IHM entries. The user
specifies the positions in the row occupied by the total and selfscattenng cross sections.
Order within a row (e.g., for group g) is then as follows:

Notice that all terms in the scattering matrix are in positions relative to that of the self-
scattering position and the rest of the cross sections are in positions relative to the posi-
tion of the total cross section. The positions before the absorption cross section are
frequently used for edit cross sections. For more detail, see “Ordering of Cross Sections
WMin a Cross-Section Table” on page 10-10.

Different Legendre orders are in different tables, which follow in order.

The user may order the group structure either by increasing energy or by decreasing
energy. However, it is conventional and desirable for most problems to order it by
decreasing energy, that is, group one is the highest energy. In that case, the scattering
cross sections to the left of C3g+gsuch as Cg+l+g are upscattering terms and the terms to
the right of Og+g are the downscattering terms.

In the Los Alamos format, the table is entered with a standard Fortran 6E12 format.

For greater precision in your input, use the 4E18 option,

In the fixed field FIDO format that ANIS~ uses, entries are made in six twelve-column
fields. Each twelve-column field is divided into three subfields, a two-column numeric
field, a one-column character field, and a nine-column numeric field. See page 9-19 for
details if you are not familiar with this input. The last field in each table must have the
character Tin the character position. No array identifier should be used. This format also
restricts the usable input operators to T, *, R, -, +, and Z.

In the free field form, entries do not have to be in designated columns. Rather, the rules
specified in the chapter “FREE FIELD INPUT REFERENCE” starting on page 9-1
apply. Each table in this form is also terminated with the character T. No array identifier
(i.e., array name with appended equals sign) should be used.
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Block-IV Details: Cross-Section Mixing

A short summary of the primary mixing arrays, MATLS and ASSIGN, is given here for
quick reference. Normally, THESE TWO ~YS ARE REQUIRED and, in most
problems, would be the only arrays in this block. Other mixing arrays are also briefly
described.

There are actually several nested levels of mixing. Each level has the job of calculating
k

values from expressions of the form: Zg = ~ Ni6i, ~ for each group, g. The user’s job
inl

is to input the Ni for all the k components of the mixture and to specify each component,

i. Component i has the cross section, ~i,~. In common usage, for the first level of mixi-

ng, ~i,~ is the effective microscopic cross section and IViis the atom density of isotope i,
and Zg is then the macroscopic cross section of some material. In a higher level of mixi-

ng, these materials may be homogenized into a single material by using their volume
fractions for the Ni. With several nested levels, the user has a great deal of flexibility in

defining what Xg is for that level. A more complete discussion of mixing will be found in
the chapter “MATERIAL MIXING TUTORIAL” starting on page 11-1.

A discussion of cross-section processing is outside the scope of this document, but it
should be noted that the user needs to be aware of the processing that is inherent in the
input library. For instance, for materials in which there are isotopes with cross-section
resonances, self shielding of the cross sections for these isotopes may be important and
this effect must have been considered in the preparation of the “effective” microscopic
cross sections for these isotopes. Since the self shielding is dependent on the amounts
and types of the other isotopes in the material, the “effective” cross section is strictly
valid only for use in a mixture which has the same composition as was used in the self
shielding calculation. Lf the user desires to use this same “effective” microscopic cross
section in some other composition (mix) of material, it is up to the user to verify the
accuracy of this approach.
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Primary Mixing Arrays
{Required}

Name Description

MATLSa [-;MT] Instructions for mixing “isotopes” or premixes into
“materials.” See details below.

ASSIGNb [-;NZONE] Assignments of materials to geometric zones. See
below.

PREMIX [-;-] Instructions for mixing “isotopes” into premixes. See
{optional} below.

a. The information entered in the MA~S array is written to the CCCC standard interface files NDXSRF
and ZNATDN.

b. Information entered in the ASSIGN array is written to the eode-dependent interface file ASGMAT.

In order to understand how cross sections are mixed and the resultant material placed in
the problem, we first need a little conceptual information.

The key entities used in specifying the cross-section spatial distribution are coarse mesh,
zone, isotope, and material.

The basic geometry of the problem is defined with the coarse meshes specified in Block-
II. The geometric areas called zones are also defined there using the ZONES array; the
ZONES array designates the zone number assigned to each coarse mesh.

Here in Block-IV, we mix cross sections and assign them to the zones created in Block-
II. For the purposes of this discussion, the cross sections found on the input library
belong, by definition, to “isotopes”, no matter what their true nature. These “isotopes”
may then be mixed to form materials, using the MATLS array. Materials are then
assigned to zones using the ASSIGN array.

.
~

The general form of a MATLS mix instruction is shown below:

MATLS= mat] compl denl, comp2 den2, . ..etc .. . . ;

where matl is the desired character name of the first material and compl, comp2, and so
on are the character names of its components which have “densities” of, respectively,
denl, den2, and so on. Additional materials (i.e., matz, mat3, and so on up to the required
number, MT) are defined in subsequent strings. Each string may contain as many com-
ponents as necessary (actual limit = 500). A component is usually an isotope from the
library, but may also be a temporary material created by the PREMIX array (see below).
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When the component is an isotope, the deni is commonly the atom density of the isotope
in that material although other definitions exist (See MATSPEC on page 2-47).

Short form: MATLS= 1S0S

This form specifies that there should be as many materials as isotopes and that isotope
number 1 is to be used for material number 1, isotope number 2 is to be used for material
number 2, and so on.

In the special case where there is only a single component in a material and its density is
unity, the density entry may be omitted as in the first material below:

MAILS= mull compl; mat2 comp2 den2; ...etc .... ;

ASSIGN ixmut arrav

The general form of the ASSIGN instruction is shown below:

ASSIGN= zonel mat] Voll, mat2 V012,...etc .... ;

where zonez is the desired character name to be used for the first zone (the one specified

with numeral 1 in the ZONES array). matl, mat2, and so on are the character names of

the materials that will be present in this zone with, respectively, the “volume fractions”
Volz, V012,and so on. Additional zones (i.e., zone2, zone3, and so on up to the required
number, NZONE) are defined in subsequent strings. Although it is highly recommended
that you use character names, here it is convenient to use the numeral for the zone name
because it is the same numeral entered in the ZONES array.

Short form: ASSIGN= MATLS

This form specifies that there are as many zones as there are materials, and that material
number 1 is to be assigned to zone number 1, material number 2 to zone number 2, and
so on.

NOTE: The short form ASSIGN=ikfATLS can not be used if you intend to use the
ASGMOD input array described later in this section.

PREMIX immt arrav

The PREMIX array forms temporary materials in a way exactly analogous to the way
that permanent materials are formed in the M.ATLS array. The difference in treatment is
that the temporary materials created by PREMIX exist only long enough to complete the
mixing; they are not available for assignment to geometric zones, nor are they available
for use in material edits.

The general form of a PREMIX mix instruction is shown below:

PREMIX= tmatl compl denl, comp2 den2, ...etc .... ;
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where tmatl is the character name of the first material and Compf, comp2, and so on are
the character names of its components which have “densities” of, respectively, denz,
den2, and so on. Additional temporary materials (i.e., tmat2, tmut3, and so on) may be

defined in subsequent strings. A component maybe either an isotope from the library or
another temporary material created by PREMTX.

The PREMIX array is useful for organizing the mixing input. For instance, it is fre-
quently useful to mix the cross sections for a molecule of water and then in subsequent
mix instructions, to input the molecular density of water as opposed to entering the atom
density for both hydrogen and oxygen. Other examples are to form average cross sec-
tions for an element composed of many isotopes, or to form full density materials and
then in later mix instructions to put in the volume fraction of the full density material.

acter Names vs . Numeric Na mes

In the foregoing discussion, isotopes, materials, and zones were identified by their char-
acter names. Optionally, they may be referred to by their ordinal number. Thus, 2 for an
isotope name would call for the second isotope on the library. However, this practice is
NOT recommended.

THE CHARACTER NAME FORM IS HIGHLY RECOMMENDED. It provides the
most straightforward, most readable form. If the character name form is used, the nam-
ing input arrays in the following table are not needed.

Using the character name form in one array and the numeric name form in another array
is particularly discouraged. However, should one wish to use the numeric form in the
MATLS and/or ASSIGN arrays, and then subsequently associate character names with
the ordinal numbers, one can use the naming arrays in the following table to do so. This
situation could arise if, for some reason, one wanted to use material numbers in the
MATLS array, but use character material names in the ASSIGN array.

When the library is of the MENDF form, the character names that must be used for the
isotope names are discussed in “The Los Alamos MENDF5 Cross-Section Library” on
page 10-13.

Mixing Array for a Concentration Search
{Optional}

Name Description

ASGMODa [-;-] Cl parameters used in concentration searches. See the
discussion below.

a. The information entered in the ASGMOD array is written to the ASGMAT file together with the
information from the ASSIGN and CMOD arrays.

24 ONEDANT USER’S GUIDE Version 3.0



. ONEDANT INPUT DETAILS Block-IV Details: Cross-Section Mixing

ASGMOD inrmt array

The ASGMOD array is used in conjunction with the ASSIGN array when one wishes to
vary the composition of a zone or zones in order to achieve a certain value of k-effective
or alpha (i.e., in a concentration search). The concentration (or volume fraction) of mate-
rial x in zone z is given by the following expression:

C(z,x) = Co(z,x) + C1(Z,X)*CMOD

where Co(z,x) is the base concentration of material x in zone z. This is the concentration

(or volume fraction) entered in the ASSIGN array for material x. In these arrays, x is
not any kind of an index; correspondence is made by name, rather than by position
within the array. Thus, for instance, in a problem that had ten materials, we might only
assign one of them to a given zone. It would then probably be in the first position in the
ASSIGN array string for that zone even though it might have been, say, sixth in the list
of all materials.

Cl(z,x) is the corresponding entry in the ASGMOD array for material x in zone z.

CMOD is the search parameter (sometimes called search eigenvalue) that will be varied
by ONEDANT in order to achieve the desired k-effective or alpha value. In a search
calculation, the initial value for CMOD will be the input value EV.

The general form of the ASGMOD instruction is shown below:

ASGMOD= zone matm Volm, mutn Voln, ...etc .... ;

where zone is the character name of any zone in the problem, mutm, mutn, and so on are

the character names of any of the materials that will be present in this zone, and Volm,

Voln, and so on are the Cl values for respectively, mutm mutn, and so on. Additional

zones may be specified in subsequent strings. All zones do not have to appear in the
ASGMOD array nor do all materials within a zone have to appear in the string for that
zone.

Concentration Modifier
{Optional}

Name Description

CMOD Concentration modifier. Input value is not used in a search.
See the discussion below.
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The concentration modifier, CMOD, is varied by ONEDANT during a search calcula-
tion. For any other type of calculation, a value of CMOD may be input and the composi-
tion of the zones will be calculated using the expression above for C(z,x).
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Miscellaneous Mixing Input
{Optional}

Name Comments

MATNAM ~] Character material names for Materials. Used only if
the mat] name used in the MA’S array was integer.
First entry in MATNAM array is the desired character
name for Material number 1, second entry is the
desired character name for Material number 2, etc.

ZONNAM ~zom] Character zone names for Zones. Used only if the zone
name entry in the ASSIGN or ASGMOD array was
integer. First entry in the ZONNAM array is the desired
character name for Zone number 1, second entry is the
desired character name for Zone number 2, etc.

MATSPEC [SMT] Tells code whether material mixing in the MATLS
array is in terms of atomic densities, atomic fractions,
and/or weight fractions.
Allowable entries are the words:

ATDENS (default) atomic densities
ATFRA~ atomic fractions
WTFRAC weight fractions

Can be input as a veetor with up to MT entries (one for
each Material) [See “Using Atomic Fractions or
Weight Fractions (MATSPEC)” on page 11-13.] If less
than MT entries are made, the last entry will be used to
fill out the array to a length of MT.

A~T [S2*MSO] Atomic weights of the isotopes. If using
{requiredb} MATSPEC=ATFRAC or WTFIL4C, atomic weights

must be available to the code. Entries for the ATWT
array are made in pairs, as follows:

ATWT= isol atwtl iso2 atwtz ....

where ison is the isotope name (identifier) for isotope n
on the cross-section library and atwtn is that isotope’s
atomic weight.
[See “Using Atomic Fractions or Weight Fractions
(MATSPEC)” on page 11-13].

— —
a. ATFRAC and WTFRAC cannot be used with PREMIX.

b. Required iff M.HSPEC=ATFRAC or WTFRAC and atomic weights are not available from the input
library.
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Block-V Details: Solver Input

Desired Calculation

Name Comments

EWT Calculation type: Enter one of the following values:

Value Calculation Desired

-1 inhomogeneous source with fission or upscatter.

o inhomogeneous source alone(default).

1 kefl

2 ct (time absorption) search.

3 concentration search.
4 dimension search.

ISCT Legendre order of scattering (default=O).

Calculation Mode. 0/1 = directiadjoint calculation (default=()).

IBL Left boundary conditions. 0/12/3= vacuum/reflectiveblpenodic/
whitec (default=vacuum).

IBR Right boundary condition: Same input values as for IBL.

a. The left boundary condition applies only for planar geometry.

b. Maybe used in conjunction with an albcxio. See the LBEDO array page 2-57.

c. Maybe used in conjunction with an albedo. See the LBEDO array page 2-57.
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Iteration Controls

Name Comments

EPSI Inner iteration convergence precision (default=O.OOOl).

EPSO Outer iteration convergence precision (default=EPSI).

Maximum number of inner iterations per group until 11.O-NC3*EPS0.
Recommend default be used. (default is chosen by code).

Maximum number of inners per group allowed after 11.O-LIC3*EPS0.
Recommend default be used. (default is chosen by code).

OITM Maximum number of outer iterations (default=20).

mm Number of seconds time limit (default=unlimited).

Acceleration Controls

Name Comments

GREYACC Upscatter acceleration. 0/1 = no/yesb.

a. See page 7-21 for details.

b. The user may also input the words no or yes.
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K-Code Convergence
{Optional}

Name Comments II

KCALC Special Criticality Convergence Scheme. O\l=no/yes.

A special convergence scheme may be invoked for problems which require a good
eigenvalue but do not require tight convergence of the pointwise fluxes. It consists of
converging the eigenvalue but not the pointwise fluxes. Normally both must be con-
verged. It also sets the default for eigenvalue convergence to 0.001 rather than 0.0001.
To invoke this option to save running time, set the input parameter KCALC to unity.

Output Controls
{Optional}

Name Comments

FLUXP

XSECTP

FISSRP

SOURCP

GEOMP

ANGP

BALP

RAFLux

RMFLux

Final flux print. 0/1/2 = no/isotropic/all moments.

Cross-section print. O\lfl = no/principal/all .

Fission source rate print. 0/1 = no/yes.

Source print. 0/1/2/3 = no/as inputhormalizedhoth .

Fine mesh geometry print. 0/1 = no/yes.

Print angular fluxes. 0/1 = no/yes.

Print balances for each coarse mesh interval. 0/1 = no/yes.

Prepare angular flux file (RAFLUX/AAFLUX). 0/1 = no/yes.

Prepare flux moments file (RM.FLUX/AMFLUX). 0/1 = no/yes.
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Miscellaneous Solver Input
{Optional}

Name Comments

TRCOR Apply transport correction’ to cross sections on MACRXS file.
Enter one of the following words:

Word Description
DZAG Use diagonal transport correction.
BHS Use Bell-Hansen-Sandmeier correction.
CESARO Use Cesaro “correction”.
NO (or omit entry) Use no correction.

BHGT Buckling height (in cm. if macroscopic cross section in cm-l.)
Used only for plane, cylindrical, and two-angle plane
geometries. (default = 0.0, which is treated as infinity).

BWTH Buckling width. Used only for plane and two-angle plane
geometries. (default = 0.0, which is treated as infinity).

NORM Normalization constant.

Normalize the fission source rate to this value when IEVT>l or
normalize the inhomogeneous source rate to this value when
IEVT<l. NORM=O means no normalization. (Integral of source
rate over all angle, space, and energy = NORM, except for keti
problems where the integral is equal to NORM*keti) Any
fluxes printed by setting FLUXP nonzero will be normalized
consistently with this source rate.

12ANG Do two-angle plane calculation? 0/1 = no/yes. For IGEOM=l
only.

CHI Fission fraction born into each group. b Enter by zone up to M
~GROUP;M] zones. Succeeding zones (i.e., zones M+l through NZONE) will

use the CHI values from zone M.

DEN UT] Density factor to use in each fine mesh interval. Applied to the
zone macroscopic cross sections at each mesh interval.

a. For more information, see ‘Transport Corrections for the Cross Sections ( TRCOR )“ on page 7-31.

b. This input will override any previous CHI from earlier blocks or from any cross-section library which
contains CHI.

ONEDANT USERS GUIDE Version 3.0 2-51



ONEDANT INPUT DETAILS Blcck-V Dctaik: SOhOXInput

Quadrature Details

Name Description

IQUAD Source of quadrature constants. Enter one of the following:

Value Descri@.ion

-3 Get constants from SNCONS file.
1 Traditional built-in Pn constants [S2, Sd, Sc, S8, S 12,

Sl(j, Sz~, S~4, S~~, or S48]. (This is the default).
2 Traditional built-in DPn constants [S4, Ss, S 12, S 16,

S24, s~z, s~(), s~g, S64 or S96].
4 Built in GQn set (recommended for cylinders) [S2, S4,

Sfj, S8, Slz, or s~~ ].

WGp mb] Quadrature weights.
{optional}

Mu m] Mu cosines.
{optional}

a. Presence of the WGT and MU arrays overrides the IQUAD input

b. MM.ISN for plane or spherical geometry. MM=ISN*(ISN+2)/4 for cylindrical geometry.
MM=ISN*(ISN+2) for 2-angle plane geometry. For ordering of weights, see “Discrete-Ordinates
Equations in One Dimension” on page 12-27. MM is the total number of angles in the problem for
ONEDANT. There is a different definition of MM for the higher dimension solvers.

Flux Guess From RTFLUX
{Optional}

Name Comments

INFLUX Read initial flux guess from the RTFLUX file. 0/1 = no/yes.
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General Eigenvalue Search Controla
{ IEVT >1}

Name Comments

IPVT me of eigenvalue to search for in a concentration or dimension
search. O\l/2 = none/ ~ff / ct. (default= 1).

Pv Value of keti or a to which to search. (default = 1.0 if IPVT=l, 0.0 if
IPVT=2.

EV Initial search parameter. Value at which to start the search parameter.
(default=O).

EVM Initial search parameter increment. Amount by which to change
search parameter in the first step of a search. (REQUIRED - there is no
default).

XLAL Lambda lower limit for search. (default = 0.01).

XLAH Lambda upper limit for search. (default = 0.5).

XLAX Lambda convergence criterion for second and subsequent search steps.
(default = 10*EPSI).

POD Parameter oscillation damper. (default=l .0).

a. See “Eigenvalue Searches” on page 7-33 for definitions of these quantities.

ONEDANT can vary the composition of a zone (or zones) or the coarse mesh bound-
aries in order to achieve a des~ed ke. or a value. fie search input consists of the above
general search control input plus input specific to the type of search being performed.

Dimension Search Input
{Required if IEVT=4}

Name Comments

RM ~] Radius modifiers for each coarse mesh interval, for use with
dimension searches only.

The dimension semch requires the RM input as well as the general search input above.
During the search, ONEDANT varies the search parameter (sometimes called the
search eigenvalue) denoted by EV in the following expression to change the coarse
mesh boundaries:
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XMESHi+l = XNIESHi + {XMESHi+l-XMESHi} * [l. O+EV*RMi], i=l, . . . ,IM

Although it may seem a bit awkward at first, the user will find this expression to be quite
flexible. Wlt.h proper choice of the RMi values, the user can move any or all of the

coarse mesh boundaries while allowing others to remain stationary. The quantities in { }
in the above expressions are always formed from the original input values.

Concentration Search Input
{Required if IEVT=3}

Name Description

The solver input for a concentration search is to set IEVT = 3 (page 2-48) and input
the general eigenvalue search controls. But you must also input the ASGMODa
array in Block-IV.

a. A concentration search involves the mixing instructions. A discussion of the ASGMOD array is found
in the mixing input description on page 2-45.
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Volumetric Source Options
{Optional}

Name Comments

INSORS Read source horn interface file FIXSRC.
0/1 = no/yes.

----- For a text-input source, choose one of the following options:

Option 1:

SOURCE ~GROUP; NMQa ] Source spectrum for each of NMQ moments.
(Spatial distribution is assumed to be flat with
value unity)

Option 2:

SOURCX fl~NMQ] X (or R) spatial distribution for each moment.
(Spectrum is assumed to be flat with value
unity)

Option 3: (input both arrays)b

SOURCE ~GROUP; NMQ] Source spectrum.

SOURCX ~~NMQ] X (or R) spatial distribution for each moment.

Option 4:

SOURCF ~,NGROUP*NMQ] Spatial distribution for each row, group, and
moment.

. . ..- . . . . .-. .“. -----
a. NMQ 1s not an input value tmt 1s computeu rrom me numDer or strings reaa. NMQ must correspoml

exactly to the number of moments in some Pn expansion of the source. The number of moments is
n+l for plane and sphere, (n+2)2/4 for n even and (n+l )(n+3)/4 for n odd for cylinder, and (n+l )2 for
2 angle plane. n must be less than or equal to ISCT. See page 12-24 for more details.

b. The full source at mesh point i in group g for moment m is calculated as follows:

SOURCF(i,g,m) = SOURCE(g,m)*SOURCX(i,m)
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Boundary Source Input
{Optional}

Name Comments

----- For a text-input source, choose one of the following options:

Option 1: Isotropic Boundmy Source.

SILEFI’ ~GROUP] Isotropic source on the left side in each
energy group. For plane geometry only!

SIRITE ~GROUP] Isotropic source on the right side in each
energy group.

Option 2: Anisotropic Boundary Source.

SALEFT ~M/2a;NGROUP] Angular flux on the left for each inwardly
directed angle and group. For plane
geometry only!
Entered as NGROUP strings of data,
each string containing MM/2 data
entries, beginning with group 1. The
ordering of the angular boundary sources
(fluxes) is described in “Surface
(Boundary) Source Input” on page 7-28.

SARITE [MNU2;NGROUP] Angular fluxes on the right side.

a. MM= ISN for standard plane and spherieal geometries (IGEOM=1,3)
MM= ISN*(ISN+2) for two-angle plane geometry (IGEOM=I and 12ANG=I)
MM= ISN*(ISN+2)/4 for cylindrical geometry (IGEOM.2)
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Albedos
{Optional}

Name Comments

LBEDO ~GROUP] Left boundary albedoes for each group.
For plane geometry (IGEOM=l) only.
Applied as albedoes for either reflective
(IBL=l) or white (IBL=3) boundary
conditions.

RBEDO Right boundary albedoes for each group
for all geometries. Applied as albedoes for
either reflective (IBR=l) or white
(IBR=3) boundary conditions.

~GROUP]
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Block-VI Details: Edit Input*

Spatial Specifications for Reaction Rates
{Requireda}

I Name Comments

PTED Do edits by fine mesh. 0/1 = no/yes.

ZNED Do edits by zone. 0/1 = no/yes. (i.e., edit zone, not SOLVER
zone. See EDZONE input below.)

POINTS [m] Fine mesh point (or interval) numbers at which point edits are
{optional} desired. USED ONLY IF PTED=l. (default= all mesh

intervals)

EDZONE [IT] Edit zone number for each he mesh interval. USED ONLY IF
{optional} ZNED=l. (default = SOLVER coarse mesh interval numbers,

see ZONES array, Block-II on page 2-34).

L’ 1

a. Either PTED or ZNED or both must be unity in order to produce reaction rate—tits.

* More details for the input for edits are given in chapter “RUNNING THE EDIT MODULE” starting on
page 8-1.
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Reaction Rates from Cross Sectionsa
{Optionalb}

Name Comments

EDXS [~DT] Cross-section types to be used in forming reaction rates.
{required’}

May be entered by integer (denoting edit position of
desired cross-section type) or by the character name of the
cross-section type. See the table “Edit Cross-Section Types
by Position and Name” on page 2-60 or “MENDF Library
Edit Cross Sections” on page 2-66 for the available names.
NEDT is the total number of edit cross-section types
available from the input cross-section library. (default = all
shown in the table)

Note: The cross-section types specified in this array apply
to any or all of the following edit forms: RESDNT,
EDISOS, EDCONS, EDMATS.

RESDNT Do edits using the resident macroscopic cross section at
each point. 0/1 = no/yes.

EDISOS [SNISO] Character names of the isotopes to be used in forming
Isotopic reaction rates. The ordinal number may alternately
be used but is not recommended. (default= none).

EDCONS [~SO] Character names of the isotopes to be used in forming
resident constituent (partial macroscopic) reaction rates.
The ordinal number may alternately be used but is not
recommended. (default = none).

EDMATS [SMT] Character names of materials to be used in forming
Material (macroscopic) reaction rates. The ordinal number
may alternately be used, but is not recommended. (default
= none).

XDFd ~] Fine mesh density factors for the x (or r) directions.

The density factor is used to multiply resident constituent
(see EDCONS), macroscopic (see EDMATS), and resident
macroscopic (see RESDNT) reaction rates only. (default=
all values unity).

a. See chapter “RUNNING THE EDIT MODULE” starting on page 8-1 for further discussion.

b. But either something in this grouping or the next must be input in order to produce reaction rate edits.

c. You must also enter one or more of the arrays EDISOS, EDCONS, EDMATS, or RESDNT.

d. If density factors were used in SOLVER to modify the cross sections at each mesh interval, the same
density factors should be entered herein the XDF array as well.

—
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Edit Cross-Section Types by Position and Name

CROSS-SECTION INPUT VIA ISOTXS CROSS-SECTION INPUT VIA ASCII
or GRUPXS TEXT

EDIT EDIT
m Position Narnea m ~ l%lJlX2

Chi 1 cm ..... not used 1 CIII ....

nu-fission 2 NUSIGF.. nu-fission 2 NUSIGF..

total 3 TOTAL... total 3 TOTAL...

absorption 4 AIM ..... absorption 4 ABs .....

(n,p) 5 N-PROT.. lb 5 EDIT1...C

(n,d) 6 N-DEUT.. 2 6 EDIT2...

(n,t) 7 N-TNT.. 3 7 EDIT3...

(n,alpha) 8 N-ALPH.. . . .

(n,2n) 9 N-2N .... . .

(n,gamma) 10 N-GAMM.. . .

fission 11 N-FISS.. N=IHT-3 4+N EDITN...

transport 12 TRNSPT..

a. Names are eight characters. A period within a name in this table denotes a blank

b. Denotes position in the cross-section table. All cross sections in positions 1 through IHT-3 in the
cross-section library are EDIT cross sections chosen by the user.

c. These are the default names that maybe overridden with the user-option names in the EDNAMF! array
of Block-III.
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Reaction Rates
{Optionala}

from User Response Functions

Name Comments

RSFE ~GROUP;M] Response function energy distribution for each of the M
{required} different response functions desired.

The number of different response functions is arbitrary
(but must be fewer than 500). Data are entered as M
strings, each with NGROUP entries beginning with
group 1.

RSFX ~,M]b Response function X(or R) distribution for M
{optional} functions.

Entered as M strings of IT entries beginning with mesh
point 1. (default=l.0 in all positions).

RSFNAM ~] Character names for the M user-input response
{optional} functions specified above. (default = RSFP1,

RSFP2,...RSFPM).

a. But either something from this grouping or the previous one must be input in order to produce reac-
tion rate edits.

b. The m-th response function at space point i and energy group g is computed as:

RSFX(i,m) * RSFE(g,m)
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Energy Group Collapse Specifications
{Optional}

Name Comments

ICOLL ~G] Edit energy group collapsing option:

Number of SOLVER energy groups in each EDIT broad group.
The NBG entries must sum to NGROUP.
(default = 1 energy group per EDIT broad group)

IGRPED Print option on energy groups. Enter one of the following
values:

Value Description

o Print energy group totals only

1 Print broad groups only

2 Print broad groups only (same as 1)

3 Print both broad groups and totals
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Reaction Rate Summing
{Optional}

Name Comments

MICSUM [<500sums] Cross-section reaction rate summing specifications.

The MICSUM array is a packed array with data entered
as follows: A set of Isotope numbers or names is given,
followed by a set of cross-section type position
numbers or names (see “Edit Cross-Section ~es by
Position and Name” on page 2-60). Each of these sets
are delimited with an entry of O (zero). Reaction rates
are calculated for each Isotope specified for each cross-
section type specified and summed to form the first
sum. The next two sets of data are used to form the
second sum, etc. Up to 500 sums can be specified. (for
more detail, see “Response Function Summing
Options” on page 8-13.)

IRSUMS [C500sums] Response function reaction rate summing
specifications.

The IRSUMS array is input as follows: A set of
response function numbers or names is entered and the
set delimited with an entry of O (zero). Reaction rates
are calculated using these response functions, and the
rates are summed to form the first sum. The next set of
data is used to form the second sum, etc. Up to 500
sums can be specified. See page 8-13 for more detail.

Mass Inventories
{Optional}

Name Comments

MASSED Calculate and print mass inventories by zone. O/lZV3 = none/
solver zones/edit zones/both (default= l). This option is active
only if atomic weights are present. See A~T on page 2-47.
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Power Normalization
{Optional}

Name Comments

POWER Normalize to POWER megawatts.a
{required}

All printed reaction rates and the fluxes on files RTFLUX and
RZFLUX (if requested) will be normalized. Fluxes are normally
not printed here in the EDIT module, although they may be
extracted by using a unit response function. Any such fluxes will
also be normalized to POWER.

Contrast the normalization on these printed fluxes to those printed
by the FLUXP input in the SOLVER Block (see NORM on
page 2-51).

MEVPER MeV released per fission (default=210 MeV). This value will be
{required} used along with the calculated fission rate to determine the power.

For the power calculation, ONEDANT needs to know which cross
section is the fission cross section. It uses the one from the library
that has the name N-FISS. If one uses an ISOTXS or GRUPXS
library that designation is automatically provided (See “Edit Cross-
Section Types by Position and Name” on page 2-60). But if one
uses an ASCII text library, either ODNINP or XSLIB, then the
name N-FISS must be entered in the proper place in the EDNAME
array (page 2-39).

a. Note that this normalization is meaningless if you are using the results of an adjoint run.
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Miscellaneous Edit Items
{Optional}

Name Comments

RzFLux Write the CCCC standard zones flux file RZFLUX or AZFLUX.
0/1 = nolyes.

RZMFLX Write the code-dependent zoneb flux moments file RZMFLX or
AzMFLx.
0/1 = nolyes.

EDO- ASCII output files control. Enter one of the following values:

Value DescnDtion

-3 Write both EDTOGX (without scalar fluxes) and
EDTOUT files.

-2 Write EDTOGX file (without scalar fluxes).

o Write neither file. (default)

1 Write EDTOUT file.

2 Write EDTOGX file (with scalar fluxes).

3 Write both EDTOGX (with scalar fluxes) and
EDTOUT files.

BYVOLP Printed point reaction rates will have been multiplied by the mesh
volume.
0/1 = nolyes.

AJEDd Regular (forward) edit/Adjoint edit. Regular edit uses the
RTFLUX scalar flux file; adjoint edit uses the A~UX flux file.
0/1 = regular/adjoint.

FLUXONE Flux override. 0/1 = no/yes.
Replaces all the input fluxes by unity. Useful for seeing the cross
sections used in cross-section edits. WARNING! Meaningful
reaction rates cannot be obtained when this switch is on.

-— .-. . .. —.-. . . .
a. tcw~u~ ana =LUA are orgaruzea ~y solver zones.

b. RZMFLX and AZMFLX are organized by solver zones.

c. See “ASCII File Output Capabilities (the EDOUTF Parameter)” on page 8-15.

d. See “Adjoint Edits” on page 8-15.
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MENDF Library Edit Cross Sections

Reaction Type Name Description

x cm fission spectrum

Vaf NUSIGF effective nu-sigma-fission

at TOTAL Total cross section

aa A13s absorption a

(n,n) MEND1 elastic scattering

(n,n’) MEND2 inelastic scattering

(n,2n) MEND3 n,2n scattering

(n,3n) MEND4 n,3n scattering

(n,y) MEN-D5 gamma production

(n,cx) MEND6 alpha production

(n,p) MEND7 proton production

(n,~ MEND8 direct fission

(n,n’)f MEND9 second-chance fission

(n,2n)f MENDlo third-chance fission

(n$F) N-FISS [(n,F) = (n$f) + (n,n’)f + (n,2n)fl

xp MEND12 prompt fission spectrum
(only for fissionable materials)

Xt MEND13 total fission spectrum
(only for fissionable materials)

n
a. Ca for group g is defined as 0= = at–~ag+g~ “

g’

When using the Los Alamos MENDF5 cross-section library with the codes, there are
numerous edit cross sections available for use in the Edit Module. Since these come
from the MENDF file, they are called upon with special character names in the Edit
Module as part of the EDXS input. These names are defined in the table above.
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APPENDIX A: SAMPLE INPUT

This appendix presents the printed output from each of two sample problems. The first
sample problem is a standard ke. calculation with all input by means of card-images.

The second sample problem is an edit-only problem in which edits are performed using
the scalar fluxes and cross sections from the first sample problem.

Sample Problem 1: Standard k,fl Calculation

Sample Problem 1 is a standard keti calculation for a one-dimensional cylindrical reac-

tor. llvo energy-group cross sections are used and the scattering is assumed isotropic.
The Edit Module is not executed in this sample.

The reactor model consists of a central core of radius 40 cm surrounded by an annular
blanket 30 cm thick followed by a shield 30 cm thick. The core consists of 35 volume
percent (v/o) fuel, 40 v/o sodium, and 25 v/o steel. The blanket contains 35 v/o blanket
fuel, 40 v/o sodium, and 25 v/o steel. The shield consists of 70 v/o sodium and 30 v/o
steel.

The first page of the ONEDANT output (page 2-74) lists the entire card-image input
“deck” supplied to the ONEDANT code for this sample problem. The code provides
this card-image input listing unless the third entry on card 1, the entry NOLIST, is set to
unity by the user. Note that numerous “comment cards” have been used in the card-
image input using the slash (/) as described on page 2-20.

On page 2-75 of the problem output is a descriptive summary of the Title Card Control
Parameters and a printout of the two title cards provided. This is followed by the mes-
sage KEY END BLOCK-I READ, which indicates that all Block-I input has been suc-
cessfully read and is ready for processing. Next appears the Block-I input summary
followed by messages that both the Block-11 and Block-III input card-images were suc-
cessfully read.

On page 2-76 of the output is a descriptive summary of the Block-III card-image input
pertaining to cross sections. Included in this summary is a listing of the cross-section
types from the card-image library that can be used for edit purposes. These edit cross
sections are written to the SNXEDT group-ordered cross-section interface file for use by
the Edit Module, if desired. (See the tables “Edit Cross-Section ~es by Position and
Name” on page 2-60 and “MENDF Library Edit Cross Sections” on page 2-66.) The
card-image cross-section library, provided directly in the card-image inpu~ is read, and
the header cards that were included in the library are printed for the user. For this sam-
ple problem cross sections for seven isotopes have been provided. Character names
have been provided through the NAMES array in Block-III, and these are listed under
the column labeled Isotope Name. The scattering is specified to be isotropic, and this is
indicated by the entries “pO” under the column labeled Order. (The label “Order” refers
to the Legendre order of expansion for the scattering and, since it is isotropic, only the
POLegendre polynomial term appears.)

On page 2-77 of the output the user is provided with a listing of all Nuclide and Material
Mixing instructions provided in B1ock-IV of the card-image input. For this problem the
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nuclides FE (iron), CR (chromium), and NI (nickel) are mixed with atom densities 0.05,
0.016, and 0.01, respectively, to create the material named STEEL. The mixed-oxide,
(U-238, PU-239)02, material named FUEL is then created using the isotopes PU-239,

U-238, and O-16 with atom densities of 0.0051, 0.0206, and 0.0412, respectively. The
depleted uranium oxide material named BLKT and the material SODIUM are also cre-
ated as shown in the output. These specifications are provided in the card-image input
through the MATLS= input in Block-IV. Through the ASSIGN= input in Block-IV the
four materials STEEL, FUEL, BLKT, and SODIUM are suitably mixed to create the
actual macroscopic mixtures assigned to each of the three ZONES in the sample prob-
lem: the core zone (named CORE), the blanket zone (named BLANKT), and the outer
shield zone (named SHIELD). The CORE consists of the material FUEL with a volume
fraction (density) of 0.35, SODIUM with a volume fraction 0.40, and STEEL with a vol-
ume fraction 0.25. The zone BLANKT is identical to the CORE except that the material
FUEL is replaced by the material BLKT. The SHIELD zone consists only of the materi-
als SODIUM and STEEL. The subsequent message KEY START MIX CARD XS indi-
cates that the ONEDANT Input Module is to begin creating the working cross-section
files MACRXS and SNXEDT and the standard interface files NDXSRF and ZNATDN
as described in the chapter “ONEDANT, TWODANT, TWOHEX, TWODANT/GQ,
and THREEDANT — Code Structure” starting on page 13-1. The last three KEY END
messages on the page indicate that the cross-section mixing and processing operation
was completed, the Block-V Solver Module input was read (and the SOLINP interface
file created), and all Input Module operations were completed.

On page 2-78 the printed output from by the Solver Module begins. There is first pre-
sented a summary of the input parameters related to, or required by the Solver Module
as provided (or defaulted). Note that for the input parameters two columns are provided:
one labeled RAW INPUT and one labeled AS DEFAULTED. The RAW INPUT column
presents the actual input values provided by the user. If no entry is made in the input, a
RAW INPUT value of zero is listed. The AS DEFAULTED column lists the values of
the input parameters that the Solver Module actually uses. For example, under the head-
ing CONVERGENCE CONTROLS, the RAW INPUT value for the parameters EPSI is
listed as O. (In the actual card-image input, no entry for EPSI has been provided.) The
default value of EPSI (0.0001) is, accordingly, assumed by the Solver Module and this
value is provided under the AS DEFAULTED column.

On page 2-79 of the output are more of the Solver input parameters and also listed are
the Block-I input parameters that are carried over for use by the Solver Module. Here,
for example, is indicated that the problem is cylindrical geometry (IGEOM= 2), two
energy groups (NGROUP= 2), and S4 quadrature is to be used (ISN= 4), etc.

On page 2-80 of the output is provided a recap of the assignment of materials to zones in
terms of the algorithm described on page 2-45 under the ASGMOD ARRAY description
in Block-IV. Following this is a map of the problem geometry showing the coarse-mesh
boundary locations, the zone number assigned to each coarse-mesh interval, and other
pertinent information. The data storage requirements for the Solver Module are shown
next. Below this is a summary of the discrete-ordinates quadrature quantities used for
the calculation. For this problem the values printed are built-in S4 Gaussian quadrature
values. Column headings generally refer to quantities depicted in Figure 12.2 in the
chapter “ONEDANT, TWODANT, TWOHEX, TWODANT/GQ, and THREEDANT
— Methods Manual” starting on page 12-1. The column labeled LI refers to the ~-level
index. The terms BETA PLUS and BETA MINUS refer, respectively to the terms
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/wm‘m+ l/2

BETA PLUS

~m + l/2iwm

and cxm_ *,2/win in Eq. (25) on page 12-30. (For spherical geometry

and BETA MINUS refer, respectively, to one-half the value of the terms

and Pm – 1/z /wm in Eq. (28) on page 12-31

The next page of the output (page 2-81) lists the material names of materials for which
cross-section data exist on the MACRXS interface tile being used by the Solver Module.
Next is provided a listing of the ZONE macroscopic cross sections used by the Solver
Module. This print is optional and is controlled by the XSECTP entry in the Block-V
input. In this sample the full table of ZONE macroscopic cross sections has been
requested by setting XSECTP= 2. The PRINCIPAL CROSS SECTIONS are defined as

the ZONE macroscopic values of z (fission fraction), Vaf Gl, and CJa.* The scattering

matrix terms correspond to the coefficients in a Legendre expansion of the term
a ~,~,~ ~ (r, I.LO)in Eq. (2) on page 12-11. The value of the Legendre order for the term

is provided under the column labeled ORDER in the printout. The actual scatter matrix
terms for scatter from energy-group h to energy-group g are listed across the page in the
sequence

6 s,h+g as, (h-1) +g as, (n–2) +g’ etc.

The entries in the column labeled FIRST GRP in the printout give the value of the
energy-group h, namely the first group in the listing which scatters into group g. For
downscatter only problems, the value of h is the same as the group number g. For
upscatter problems the value of h will not be the same as the value of g. At the bottom
of the output page is geometry and spatial mesh information.

On page 2-82 is provided a summary description of iteration control criteria followed by
the iteration monitor print. These items are fully described on page 7-19. It is noted that
for this type of problem, a kefl calculation, the eigenvalue is the value of keti For the

sample problem, then, kef = 0.993402 is provided in the monitor print for outer iteration
4 under the column labeled K-EFF EIGENVALUE.

Then page 2-83 provides a balance table print for each energy group and the sum of the
groups. The group-dependent quantities are defined and computed as follows:

(1) SOURCE = total inhomogeneous source = QGg

where Qi is the inhomogeneous distributed source, QLm is the left boundary (surface)

source, Q% is the right boundary (surface) source, Vi is the “volume” of spatial mesh

* Note that in this discussion, as in the chapter “ONEDANT, TWODANT, TWOHEX, TWODANWGQ, and
THREEDANT — Methods Manual” starting on page 12-1, a lower case sigma is used to represent a macro-
scopic cross section.
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interval i, Am+l/2 is the surface area at the rightmost boundaxy of the system, and Aln is
the surface area at the leftmost boundary of the system;

(2) FISSION SOURCE = total fission source to the group g = FGg

For a k-effective eigenvalue problem,

NGRO UP

FGg=; ~
eff h=l i=]

For a source with fission problem,

NGRO UP IT

h=l i=l

(3) IN SCATTER = in scatter source to group g from other groups = smg

NGROUP IT

‘zNg= Z Z ( ‘.,h+g)iokivi ;
h=l i=l

h#g

(4) SELF SCATTER = self-scatter (within group scatter) in group g = SSg

)‘Sg = 5( ‘~,g+g i$g, ivi ;
isl

(5) OUT SCATTER = out-scatter from group g to all other groups = SOUTg

where (st g is the total cross section for group g plus any buckling “absorption” plus any

“time abs~rption” (a/vg) ;

(6) ABSORPTION = absorption in group g = ABGg

i=l

where o a g is the absorption cross section for group g plus any buckling “absorption’”,

plus any “time absorption” (a/vg) ;
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(7) RIGHT LEAKAGE = net flow out of system right boundary = RLg

RLg = ~ wmPmA,T+,,,Ym,,T+ l,2- x wm]Pm[A,T+l,2Ym, IT+,,2 ;
~m>o

(8) NET LEAKAGE

NLg = RLg +

pm<o ‘ ‘

= net flow from system (both boundaries) = NLg

~ WmlLLmlA1/2VL1,2- ~ WmPmA1,2Vm,1,2 ;
pm<o ‘ ‘ pm>o

(9) PARTICLE BALANCE = BALg

NLg +ABGg -t SOUTg
BALg = 1 –

QGg + FGg + SINg ;

(10) NPROD = spectrum of neutrons causing fissions = NPRODg

NGROUP IT

On page 2-84 are provided two optional pointwise quantity printouts. The isotropic flux
print is provided when the input parameter FLUXP is Block-V is set to a value of 1 or 2
(a value of unity is used in this sample problem). The flux values printed are the mesh-
interval average fluxes, commonly referred to as the cell-centered flux values. The fis-
sion source rate print is provided when the input parameter FISSRP in Block-V is set to
unity (as in this sample problem). The fission source rate produced by neutrons in
energy group g at mesh point i is simply the quantity (vaf) ~,i+g, i, having units of par-

ticles per unit time and volume.

The final page (page 2-85), provides the RUN HIGHLIGHTS for the sample problem
execution. This is followed by a storage and timing history of the run.

It is to be noted that no Edit Module output appears in the output of this sample problem.
The reason for this is that there is no edit input available. No Edit Module input
(Block-VI of the card-image input) is provided in the input “deck” and no EDITIT
binary interface file (containing previously created Edit Module input) was in existence
at the time of the sample problem execution.
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*********w********ti******,**** *,*** *mm** *****, ***** ********************************-*******************
****m* ***** ***** ********** ***** *-*** ***** -**** ***** M* H******************************,***-****
*
*

““”-~”””● **********-****************,************ ***** ***ti********************************,******************,**
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**********************
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:R%Ct. 3.om3E41 o.OXoE+oo 2.8M9E-01

● 3 Shield 3.0W2E41
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✎
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***** ***** ***** ***** ***** ***** ***** **,** ***** ** M**** ***** *--w* ***** w***w********** *-****-*****
***** ***-* ***** **** -*--* **ti*********M* ***** ***** ***** ***** ***** ****, ***** ***,*-* ********w-***
*
●

*
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●

*
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-
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● 1 20
●
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2 E

●
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3 3.5
●

3.mmmmE+ol 2.0000XICJ3EW27.CXXJ2CCI03E+01
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1.0Wloo@3E+U2

*
******************** ***** ***** ***-* -**** -*****-**-***-*-****-**********-***************
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ti******************************************** ***** **************** *********************w*******&&***********************.
***** ***** *h******** ***** ***** ***** ***** ***** ****** ***** ***** ***** ***** ***** ***** ***** ***** **ti********* ***** ***** ***, ****ti
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●

●

. ..itemti—cu4zd.a adaiteri.%..

***** ***** *, H**** ***** ***** **ti*********** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** **h***b**
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●

●

●

●

●

☛

☛

●

●

●
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●

●
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1.aE-04
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***** ***** ***** ***** ***** ***** ***** ***** ti************* ***** *ti************ ***********************,,****.*******.******.
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●
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*
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● ******+*********************
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�✍❉❞
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●
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●
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***** ****w *ti************ ***** ***** ***** ***** ***** *u*** ***** ***** ***** ***** *.*** ***** **ti****** *******************&w
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***** ***** ***** ***** ***** ***** -**** ***** ********** *********wti*****-** **ti*********** ***** *ti**
****w* ***** **m** M**** ***** ***** ***** ***** ti************* ***** ***** ***** M**** ***** ***** *ti****ti********
*
●

●

. ..grcql ditanihlirxes prcmwtwx=..

****m* ***** ***** M***m*ti******* ***** ***** ***** ***** ***** ***ti**ti******** ******************************
*
●

● . ..titk— qle FKME3TI1 far user’smmml
●

. . .

*
* ...a’-=~~...==~Y)~Y)*
●

****W******************

*lqstaxt b33zmetebles ●

●****************************
* 9Q*

● t.aal
*
●

* 1
● 2
●

* mtel
●

●

— fi55ial — in scatter self ScFtteK at -ter

O.oocooooz!+oo 6.0245109E-01 1.IKQ230E-16
o.ooCo@lGmoo

1.F227506WO0
3.9754WEOI

4.92.572761WI
4.9357276E-ol 3.9595672S+01 7.1054274W25

o.momJE+oo 1.C+WXIOOE+-W 4.91572761H21 4.141e422E+ol 4.9357276E-01

ti- ~ Z-i@ lealq?s M lmkzqs m~

1.GtT7225m-ol -1.4oa8485E-07 2.1659566E43
8.3207469E41

2.1659566E-03 2.7579733G01
-2.6216064E06 5.7049225E-02 5.7C49225E-02 7.2420267E-01

9.4078723E-01 -1. 639634EG06 5.922.5182FM2 5.922.51UE-02 l. CCalXwE+oo

***** ***** *************** ***** ti*****ti****** ***** ***** ***** ********** ******tic*********** ********w** M**
***** ***** ***** ***** ***** ****w** ***** ***** ***** ************************* ***** ********** ***** ***** ****ti***
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**** M**n***m******* *w*** ***** **-** ****************************n* ********** ******ti******n***** ******
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☛
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3.4237)3-03
3.2353Ew3
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4.1705E-04
3.4048E-04
2.7863w34
2.2W.E-04
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1.28835-03
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***** ***********************************************
● aan Scm Imkmqu”
*mxhlewd31imit wxds limit ~S:*-———— ———— *
*
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37L 40008
0 3.0 0.0 *

o 0 2.2 0.0 *
● 101 0 0.8 0.0 ●

* 102 103: 4004 5 14CCA 0.1 0.0 *
● 103 50 4COO0 o 0 0.0 0.0 :
* 104 2074 40CC0 o 0.1 0.0
* 105 0 0 : 0
● 106

0.0 ●

o ::: 0.0 ●

● 107 21: 4Cmo 9$! 14000: 0.1 0.0 *
* ma 47: WXlo 7 140000 0.0 0.0 ●

● 109 0 0
● U.2

0.0 0.0 ●

: 0.0 0.0 ●

* 200 13zi 4WO: 6-I MOCOO 0.8 0.0 *
● 201 0 0 0 0.2 0.0 *
● 202 22 4CCO0 o
* 203

0.0 0.0 *
261 40CCI0 : 0.0 *

* 204 1324 40XQ 3: 14@3@3 0.1 R ●

● m 12.99 4am3 o 0.1
● 1.205

0.0 ●

o 0 0.0 ●

*206 3.31: d o 0 ::: 0.0 *
● 207 l% 40000 0 0 0.0 0.0 ●

* 402 0 0 0 0.0 0.0 *
●******-*************-******************W******
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Sample Problem 2: Edit-Only Run

Sample Problem 2 is an edit calculation for the Problem specified in the first samr31e
probiem. The edits are performed using the scalar-fluxes pr~duced during the execu~on
of the Solver Module in Sample Problem 1.

Sample Problem 2 illustrates the way in which the modular construction of ONEDANT
can be used to execute the Edit Module independently and separately from a previous
Solver Module execution. The card-image input is shown on the fist page of the printed
output provided by ONEDANT for Sample Problem 2. Only Block-I and Block-VI
input data are present in the card-image input. The geometry, cross section, material
mixing, and Solver portions of the code are thus not executed. Instead, the binary inter-
face files GEODST (geometry), NDXSRF and ZNA~N (mixing), SNXEDT (cross
sections for edits), and RTFLUX (scalar fluxes), which were created during prior execu-
tion of Sample Problem 1, were saved and made available to ONEDANT at the time of
execution of the second sample problem. This procedure is described in “PIECEWISE
EXECUTION” on page 13-19.

It should be noted that the execution of the Edit Module could have been included in
Sample Problem 1 simply by including the Block-VI input in the input “deck” for that
problem.

The first page of the output (page 2-88) displays the card-image input for this sample
problem. Note the use of comment cards as denoted by the slash(/) as the fist entry on
each such card-image. Also provided on the first page are a summary of the ‘Iltle Card
Control Parameters and the printout of the two title cards. Next appears the Block-I
input summary. Following this appears the message “KEY END BLOCK-VI READ-
EDIT.” This message is written after the Block-VI card-image input has been success-
fully read and processed. The final message, “KEY END INPUT MODULE” indicates
that all Input Module operations are completed.

Then page 2-89 of the output lists the Edit Module input as provided in the Block-VI
card-image input. The chapter “RUNNING THE EDIT MODULE” starting on page 8-
1 provides a detailed description of the Block-VI input parameters and the edit quanti-
ties produced. Both “point” and “zone” edits are requested. Referring to the card-image
input, the points at which edits are desired are provided in the POINTS array input
where the mesh points 1 through 10 and 46 through 50 are specified (note the use of the
linear interpolate operator described on page 2-21 in specifying the POINTS array
input). Since no edit zones are explicitly specified (no EDZONE array input is speci-
fied), the code will assume that the edit zones are the same as the coarse-mesh intervals
specified in Sample Problem 1. Since the parameter IGRPED is input with a value of
zero, only the energy-group totals for each edit quantity are to be printed. Resident mac-
roscopic, resident constituent, and material cross-section response functions are speci-
fied using both the v% and ~ cross-section types.

On page 2-90 is provided the desired edit output, or reaction rates, for the material
“FUEL,” (U,PU)02, specified in Sample Problem 1 and also for the resident macro-
scopic cross sections at each spatial mesh point requested. Also provided are the edit
zone (defaulted to coarse-mesh interval) sums requested.
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On page 2-91 is provided the desired edit output, or reaction rate information, for the
“CONSTITUENTS” PU-239 and U-238 both at the desired space-points and as sums
(integrals) over the edit zones (coarse-mesh intervals).

The final page (page 2-92) shows the RUN HIGHLIGHTS and STORAGWITMING
HISTORY for this sample problem.

ONEDANT USER’S GUIDE Vemion 3.0 2-87



APPENDIX A SAMPLE INPUT Sample Roblem 2 E&t-Only Run
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***** ***** ***** ***** ***** ***** ***** ***** ***** ***e* ***** ***** ***** *&******** ***** ***** ***** ****46 **ma*********** *****h*,**&
● ***** ***** ***** ti**********M** ***** ***** ***** ***** ***** ***** ti************* `**** ****ti*
● ●

● ☛

● ●

● ●

● ☛

● ☛

☛ ●

● ●

● ●

☛ ●

● ●

● ☛

● ●

● ●

● ●

● ●

● ☛

● ●

☛ ●

● ●

● ●

● ☛

● ●

. ..liStiIW 0fCaK19frl th??irXXts4xEmL..

3: ~e pA1.m 2°fa U9eK1Smmal
3. dit8 (ally) m~ Sple ptdlbm 1
;.; =.: K#PzU?als gFsX%t.E%aTM?dintecl%?Cefile

—dsrmck~
6:/nixin3

Ei3.ea
-~~ ~IxkrfcrXfzrntch’ .fih39

7. / Sd=
8. /

- ~etihy=z-#d Idrg rmviaJs rtlam

9.ldiM -QmliWt B@id”
10. /
Il. /
3.2./*** *hlaA i****
u14. , ti,~Jti-7 nt=4nzxle3 im=3i.l=5J3rrsulv=lt

l-s./
16. /**** hlcc3cvi @its]** ● *
17. ~_~lb~31, 10 3i46 50
18. ~ A-r
19. EaXrls= W-239” w-238’ t

●

●

☛

●

●

☛

●

●

☛

●

●

☛

●

☞

●

●

●

●

●

●

●

☛

●

● ☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛ ☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛ ☛☛☛☛☛ ☛☛☛☛☛ ☛☛☛☛☛ ☛☛☛☛☛ ☛☛☛☛☛ ☛☛☛☛☛ *M*** ***** ***** ***ti*

**k** ****** *ti****ti****4* ***** ***** ***** ***** ***** ***** ***, ***** ***** ***** ***** ***** ***** *ti******** **`** ***** ****ti******

*~&h* **.4 W,**,, ***** ***** ***,ti*,, *&. **h.,, ~*. *tiH*.W,,*. W*~*,M****W***,, &,, ~... *.*, *..., **, &`*~E**,, **,.,,, *ti.*, h**,6,,6
●

● Cm)etitle
●

*************** *************** ****************************** ***************************M**** ti******** *****,***************,
●**********************
%yStartcaew *
● k*****k****************
● z- ru7&2-0f title a3dst0~
● o may 0/1 m/ya ~a’F3h?tenHm31cUQXt
*
●

o Idist 0/1 mm ~titi

● ☛☛☛☛☛ ☛☛☛☛☛ ☛☛☛☛☛ ☛☛▼❉☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛

● ☛ ●

*
●

●

● 9xplepd3h3n2faruser’smmral
● dits (dy)mpn37im55mple ptMml
●

●

●

●

* ******.****************** ********** **w********************ti**ti*****h&

● b**********************
%efd hlcdcirexP
●***********-**********
ti******** **************M**** ***** ***** ****n********ti****-****ti**ti******************ti*****M***** ***** H**** *fib*****

************************************************************ ******************** ***** ***** *******hw****ti*** *****,********
***** ***** ***** ***** ***, ***** ****** ti************* ***** ***** ***** ***** ***** ***************-**************************.****
●

●

*
...blcdci- cxxtzds crxidks?dam...

***** ***** ***** ***** ***** **** -**** ***** ***&****** ***** ***-* ****ti********* ***** ***** ***** ***** ***** ***** ***** ***** ***ti
●

●

* .
●

. . .~ (erm’mme=dim=s )...
●

☛

*
●

●

●

●

●

●

●

●

●

●

●

●

●

☛
✎✎✎❞✎✎✎

●

●

✎

Imxlan= 1400m
— 40CQ2

********** *******,******* ***ti********** ******.*********************** **************, *************4 .**** ***,*******”******

●*******************,*********

%Eyd hkdcvi ~ t*
●**************************H*
●***********************
*d itp.xtm&.le*
●**********************
*
●

☛☛☛☛☛ ☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛ ▼❉☛☛☛☛☛☛☛▼❉☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛ ☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛ ☛☛☛☛☛ ▼❉☛☛☛☛☛☛☛☛☛☛☛☛☛ ☛☛☛☛☛**ti*******4****
***** ***** ***** *ti************ ***** ***** **+******* *-*** *ti**ti******** *ti******ti**** ***** ***** ***** ***** ***** ****w***fi*

ti******** ***** **********&**** ***** ***** ***** **+** ***** **ti*********** ******, *******************************************,*,,

***** ***** ***** ***** ***** ***** ***w**********ti***************m*********************-* **ti*****h k********* ***** *******ti
*
* Edit - a 8/25/94uith sd~ ~ 08-04-94~ ?naEaSe2.411
●

mxilfne tu?hlcz

***** *k*** ***** ***** ***** ****** ***** ***** ***** ***** ***ti**ti****** ***** **k** ***** *ti*******w**b *m*** ***** ***** ***** ***ti
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***** ***** ***** *M*** ***** ***** ***** ***** ****w* **-** *M-** -w*** **ti*********** ****ti*
**********************ti***-******* -**** w**-* ***-* ***-* ***** **ti****************************
*
●

●
...ditcu@Jt...

****ti********* **-** ***** ****** ***** ********** ***** ***** ****************************w***-**************
*
*
* ...blcck vi-aittifimtialal.ta...
●

*
●✍☛☛☛☛☛☛✍☛☛☛☛☛☛☛

%Ey Eartditoltplt. *
●***************-***

*-*** ***** *************** ***** ***** ***** ***** ***** ***** ***** -**** *,*** ti*****
●

☛

● --sedim k J 0=.b-.m.o)*

●

☛☛☛☛☛ ☛☛☛☛☛ ☛☛☛☛☛ ☛☛☛☛☛ ☛☛☛☛▼❉☛☛☛☛☛☛☛☛☛ **-*w-ti****w** ***********w-** w-*** *******ti*

*
●

●

●

☛

☛

☛

●

☛

●

●

●

☛

●

☛
...~ r=====...

● o.000~ p7AxiT o/p mmmalize all results, imhdiq mm files, to p mga.atta
● 2.1OOCCOM2~
●

- H fksim (CkfaJlt: 210H)
*
*
●

* . ..clHgy r@atdditinhmWim...

●

☛

●

●

✎

2 ~Offim HJt.tUlgmJ@
o rnnteroffin?gmm~
2 tcta.l IUltEr Of fimgKcqX
2 tcb.lnllkeroftuc+d~

●

●

☛

☛
✎..wmlatdd itinfmmtim...

* lf Nlbsrofplilzstodit
● 3 mlb5r0f2a-IEsqdit
●

●

●
: ::,2:?%S%%%%%% --%%- tit

rx@.m3atmic keightstnte~)
●

n**ti********** ***** ti************* ***** ***** ***,* ***** **ti*********** ***************************-*******H
***** ***** ***** ***** ***ti*-******** ***** ***,, ***** ***** ***** ***** ***** ***** ***-* -**ti****-**-** *******
***** ***** ***** ***** ***** ***** ****ti********* ***** ***** ***** ***** ***** ***** **,* -**** ***** ***** ***** ww*w***
***** ***** ***-* ***** ***** *ti************ ***** ***-* ***** ***** ***** -***ti****-**** **********************,***
*
● . ..ditcU@t...*
***** ***** **-** ***** ***** ***** *M**, ***** *-*** ***** ***** ***** ***** **-** ***** ti***********,* *********,*,-
●

●

* . ..ditdficatimcklh( *’ q...
*
*
●

●
. .

. . . of --~ dits.. .
●

●

☛
b m- n’atErial m. Onstih.EYt ID.

-— — — —.
●

* -- flxl
●

2 :&:9
●

:

●

●

☛

☛

●

●

●

☛

*
*
●

p#3f 2
5

***** **-** *******,*****ti********** ***** ***** **w******* ******************************************,*******
***** ***** ****************************** -**** w** M**** ******w****************************************
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******************************************************ti************** *ti************ ****************************************
●***k* ti************* *********

‘%- ‘~ ●●***************************
● ●******************tic********
● * ●

● ● IK9daal Iates *
+ ● ●

● ● maxzids *
* ● ●

* ●***************************
4

*

● . ..pdntdi tfathsu noft. kneutml~ . . .*
*
*
*
●

...~~f=-m 2-M . . .

●

●

●

●

☛

●

●

●

☛

●

●

●

●

☛

☛

●

●

☛

●

●

●

●

☛

●

●

●

☛

☛

●

●

●

●

●

☛

●

☛

☛

●

☛

~

2.66161E-04
2.65237E-04
2. 63234E-04
2.60XZX4
2.5639@XJ4
2.516U.E-04
2.4S947E-04
2.3943S3-04
2.323223-04
2.24035E-04
5.62453E-06
4.68365-06
3.75422FA6
2.81997E-M
1.e447@W26

.. . -~...
avxzd

_
fks

ME%
HE%
l?:%%
13.com
Is.wco
17.oCm
39.0020
93.0000
93.OIXO
95.OXO
97.OWO
99.OCCO

9.31%3E-05
9.2a33m5
9.21335E-05
9.10987E-O5
8.97393W35
8.0063L31W5
8.608141H5
8.38033E~
8.32421E-05
7.W2’W05
O.OWXEMM
o.02@MXXl
o.@XCmtCN
o.CnmQ3@2
o.OYmJMXl

* . ..2crY?ditfOrthes.m Ofth mltrmglzq x...
●

●

●

●
✎..~mt=-id 2-flA . . .

—..
●

●

☛

●

1 5.026S3+03 2.76872E40 9.07859E-01
2 1.03mE+04 1.38690E+CX2f.yJE~
3 1.6022EW4 4.040E5E41 .* -—_— _

● SUII3.lam+04 4.55971E+O0 1.5coem
●

●

●
✎✎✎ ====~c . . .

*
* 1 5.0265Eio3 9.69053W31 3.17753)2-U

2 1.03mm-04 2.43492E-02 8.l1639E-03
● 3 1.60Z2E+M o. CW30E+@ 0.WYXEW30*
● am 3.1416E+04 9.93402w01 3.25867E-01***** ***** ***** ti********** ***** ***** ***** ***** ***** ****m* ***** ***** ***** ***********************h**************.******
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ti**********ti* ***************
●lcfy5tart ansti.tur!ts ●

● ***************************
●

☛

☛

●

☛

☛

☛

☛

●

●

●

☛

●

☛

☛

●

●

☛

☛

●

●

●

☞

☛

●

☛

☛

☛

●

☛

☛

●

☛

●

●

☛

☛

☛

☛

●

☛

●

☛

☛

●

●

●

☛

●

☛

●

☛

●

●

●

●

☛

☛

☛

☛

☛

●

☛

●

●

☛

●

●

●

☛

☛

●

☛

☛

●

●

●

● ☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛

☛ ☛

● Lmaim xatffi ●

● ●

* 0n9titusds *
* ●

************************

. ..@ltdit fcrth?2sm 0ftlEIExltml ~...

. . . Un5titumt ktqe 6-w-239 . . .

:
3
4
5

:
8

1:
46
47
‘la
49
50

avmd

loom
3.omo
5.om
7.oCGtl
9.0CX20

L1.ocoo
13.mo
35.@200
17.omo
39.moo
91.Cxm3
93.0000
95.oCICa
97.ooLxl
S9.00C0

2. 61083E04
2.60169E-04
2.5821OECL4
2.55324E-04
2.51527E-04
2.468471H34
2.4I31OE-O4
2.34948E-04
2.27798)2-U
2.39900E-04
0.0000OEMO
o. Wm3Etoo
O.C+XWE+OO
0.COLW3F%O0
O.COOOOEWO

8.54243E-05
8.5114S345
8.44743E-05
8.3531CE05
8.22901E-05
8.075LEE-05
7.8950S05
7.66717E05
7.45349E-05
7.I.9WE-05
0.00W3E+O0
O.omowoo
O.OWKIE+OO
O.OLMWO
O.ocnmo

. .. 12mstitlxm kixix? 7 -u-238 . . .

avr.?d

1.OCCQ
3.omo
5.OIMO
7.00CIO
9.mo

11.CCoo
13.mo
3.5.CXm3
17.0G20
19.omo
91.Co@3
93.oom
95.Cnoo
97.@300
99.@XX3

2.32259E-05
2.31.546W35
2.297281M5
2.27031.E-05
2.2347SS-05
2.I.91OOE-O5
2.1391SE-05
2.07947E05
2.03z173i05
1.93749E-05
0.COOD3E+J30
0.COOCQWC$3
o.Lwm3E@3
0.CIIO03E+CQ
0.WXO.W3C

f%s

7.74196E-06
7.71820E-06
7.6576E-06
7.56770E-06
7.44927E-06
7.30332E-06
7.13053E-06
6.933.55-06
6.70722E-06
6.4!X?9E46
o.oCJ202Etm
o.@XC@KXl
O.oomoll+m
o.CmmE+Co
o.ommE+Clo

. ..?zTl? ditf0rth291n0fth? nzut?mlg?mp . . .

. . . UrSt.ibEt-lt m 6-PI-239 . . .

m K13.un? ~izff &

1 5.0265J2+03 8.93230w33 2.92476ZJ31
2 1.0367W04 o. MoooE+m O.CCKXICE+CO
3 1.6022EM4 0.CJ30WE+C00.0000OE+KI—. —-

Slrl 3.1416E+04 8.9323CE-01 2.92476EOl

. . . CxxL5tim b 7 -u-238 ...

Zrn2 tiun?
~ ~

1 5.026S%+03 7.582XFA2 2.52743E-02
2 1.0367E+04 2.43492Eio2 8.31639%03
3 1.6022E@4 o. CmWE+oo 0.00XCE+OO

S.nl3.14K?N04 1.C0172E-01 3.33907EW2
***** ***** ***** ***** ***** ***** ***** -**** ***** **** -**ww*w****w**M* **********M-***********
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**************************************** *************** **************M**** ********** ********** ***,*********,*m***********
●

●

●

●☛☛●☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛

%Tfstart. Mahlips ●
●********************●*******
●

☛

●

●

●

☛

☛

●

☛

●

●

●

☛

☛

●

●

●

●

☛

☛

●

☛

☛

●

☛

●

☛

☛

☛

●

●

●

nnhi&3i&s

● **************************W*********

● *

● mly2t-nniile e.axtim ~.●

● mterke file cdki.t.wiktm. ;
● start at eM3mucn
● Cdi!scmpktd. ” ●
● *
● ☛☛☛☛☛☛☛☛☛☛✍☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛✌☛☛☛☛☛

******************* ***** ***** *H*** ***************w**

*mA.le S 3.?%S l.H t&*:
*
● — —— —— __ *
●

*3A o 0 0.0 ●

37: d o 0 ;:: ●

● lol 0 0 0 ::8 ●

: ;: o 0 : 0 !:: 0.0 *
o 0 0 0

* 104 0
0.0 0.0 :

0 0 0.0
● 105 0 0 : 0
* 106 0

$; 0.0 :
0 0 0 0.0

● 107 0 0 0 0 0:0 0.0 *
● 108 0 0
● 109 3m: & o

0.0 ●

o R 0.0 ●

* 300
● 3m No &

0.4 0.0 ●

2$ 14A 0.2 0.0 ●

● 302 0 0
● 4CXI o

0.0 0.0 *
o 0 0 0.0 0.0 ●

***** ***+* ***** ***** ***** w*** **** ***** ***** ***ti******
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APPENDIX B: OPERATING SYSTEM SPECIFICS

UNIXAJNICOS Execution

On UNIX or UNICOS systems, the input is on STDIN and the printed output is on STD-
OUT. Thus, the user will normally cause execution of the program with the command:

dant.x < odninp > odnout

where - dant.x is the name of the executable file, odninp is the user’s choice for a name
for the input file, and odnout is the user’s named output file. Whoever forms the
executable names the executable file. The name customarily used is dant.x.

STDERR contains a summary of the problem as it executes and, by default, is sent to the
terminal screen. Also included on STDERR are any error messages.
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Library Search Path

Most files read or written by ONEDANT are in the current UNIX working directory.
Some forms of cross-section files may be kept in other directories. By setting the envi-
ronment variable SNXSPATH, the user may specify an ordered set of alternate directo-
ries in which the program should look for the named files. As an example, if an ISOTXS
file is in the directory, /usr/tmp/xs, then the following command can be used

setenv SNXSPATH /usr/tmp/xs

and ONEDANT will then look in that named directory for the library. The search path
for each of the possible libraries is given in Table 2.2.

Table 2.2 UNIX Search Path

LIB SEARCH PATH

MACRXS Current Working Directory (CWD).

GRUPXS SNXSPATH, then CWD.

ISOTXS SNXSPATH, then CWD.

BXSLIB SNXSPATH, then CWD, but see text below.

ODNINP I None, the library is contained in the input file.

MACBCD I CWD

XSLIBB CWD

MENDFa Path defined in the code on UNICOS. MENDF binaries

MENDFGb
are unavailable for SUN.

XSLIB SNXSPATH, then CWD

other For any name other than those above, the program will
assume the form is XSLLB and search for it in SNXS -

PATH, then CWD.

a. Available only at Los Alamos.

b. Available only at Los Alamos.

SNXSPATH can be used to protect an input BXSLIB file from being overwritten. See the
discussion on page 2-38.
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DANTSYS and TWODANT are trademarks of the Regents of the University of Califor-
nia, Los Alamos National Laboratory.

This work was supported by the US Department of Energy.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any informa-
tion, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. References herein to any specific commercial produc~
process, or service by trade name, trademark, manufacturer, or otherwise, does not nec-
essarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any
agency thereof.
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INTRODUCTION

● INTRODUCTION

The TWODANT code is a modular computer program designed to solve the two-dimen-
sional, time-independent, multigroup discrete-ordinates form of the Boltzmann transport
equation.1*2 It is a two-dimensional version of the one-dimensional code, 0NEDANT.3

TWODW is based on the modular construction of the DANTSYSm code system
package. This modular construction separates the input processing, the transport equa-
tion solving, and the postprocessing, or edit functions, into distinct, independently exe-
cutable code modules, the INPUT, SOLYER, and EDIT modules, respectively. These
modules are connected to one another solely by means of binary interface files. The
INPUT module and, to a lesser degree, the EDIT module are general in nature and are
designed to be standardized modules used by all the codes in the package. Different
solution techniques are invoked simply by executing different SOLVER modules in the
package. This SOL~R choice is automatically made by the INPUT module through an
analysis of the input stream.

The TWODANT code is simply the DANTSYS code system package with a two-dimen-
sional SOLVER module.

Some of the major features included in the TWODANT package are:

1.

2.

3.

4.

5.

6.

7.

8.

a free-field format text input capability, designed with the user in mind,

standardized data and file management techniques as defined4 and developed by
the Committee on Computer Code Coordination (CCCC); both sequential file
and random-access file handling techniques are used,

the use of a diffusion synthetic acceleration scheme5 to accelerate the iterative
process in the SOLVER module,

direct (forward) or adjoint calculational capability,

x-y, r-z, and r-theta geometry options,

arbitrary anisotropic scattering order,

vacuum, reflective, periodic, white,
options,

or surface source boundary condition

inhomogeneous (fixed) source or k-effective calculation options, as well as time-
absorption (alpha), nuclide concentration, or dimensional search options,

DANTSYS and TWODANT are trademarks of the Regents of the University of California
Los Alamos National Laboratory.
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9.

10.

11.

12.

13.

14.

15.

“diarnond-differencing” for solution of the transport equation,

a diffision solver that uses the multigrid method,G

user flexibility in using either text or sequential file input,

a Monte Carlo/discrete-ordinates (MC/Sri) option for solving all or part of the
problem geometry using Monte Carlo,7

a ray trace first collision option to obtain a first collision source from an arbitrary
source distribution (volume and external boundary sources),

user flexibility in controlling the execution of both modules and submodules, and

extensive, user-oriented error and warning diagnostics.
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● DOCUMENTATION FOR TWODANT USAGE

The documentation described here constitutes a complete manual for the use of the
TWODANT code. It is intended to fully replace the former TWODANT manual.8

Included are two general categories of information. The first category is in this User’s
Guide and is oriented towards preparing input to the code. The second category is of a
background, reference, conceptual, or theoretical nature and is intended primarily for the
novice or first time user; an experienced user generally needs only this User’s Guide.

What Is In This User’s Guide

This User’s Guide is a chapter from the much larger DANTSYS document. This Guide
provides the ASCII text input specifications for TWODANT.

The guide is intended to serve as a complete input manual for two classes of user. Spe-
cial, succinct sections containing summaries and compact tables are intended for the
advanced user in order to make his input preparation more efficient. The main body of
the guide concerns itself with descriptions of the input and should be sufficient for the
user familiar with discrete ordinates concepts. Novice users may find other chapters of
the document necessary.

This Guide Ii.rst gives an overview of the input block order required by the code.

Next is a “mini-manual” in which are listed all the names of available input arrays
arranged by input block. Definitions of input arrays are not given, as the names are sug-
gestive, but expected types and sizes are provided. This mini-manual is very useful to
the user as a quick check for completeness, a quick reference to type and size, and as an
index into the more detailed array descriptions that follow. For the experienced user, the
mini-manual is frequently all that is needed to prepare a complete input deck.

Following the mini-manual are reference sections describing in detail all the input
parameters and arrays.

Appendix A provides two sample TWODANT cases with model, inpu~ and output
descriptions.

Lastly, Appendix B details operating system specifics, including how to effect an execu-
tion of the code.

Information of a reference, background, or theoretical nature that the first time user may
need may not be found in this User’s Guide, but the user will encounter liberal refer-
ences to other chapters of this document for that sort of information.
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What Is Available Elsewhere

In addition to this User’s Guide, the user, especially the first time user, may find the
information below described in other chapters of this document pertinent. For even
greater detail on some of the general items, particularly the methods items, the user
should look at Ref. 9.

The chapter “DETAILS OF THE BLOCK-I, GEOMETRY, AND SOLVER INPUT”
starting on page 7-1 discusses in more detail the geometry and solver concepts and their
related input. If the User’s Guide proves insufficient for your needs, look in this chapter.
Among the many sections of the chapter are ones on the input of inhomogeneous
sources and a discussion of eigenvalue searches. There is also more detail on the Block-I
input.

A discussion of how the EDIT module works and more detail on preparing the input is
given in the chapter “RUNNING THE EDIT MODULE” starting on page 8-1.

The chapter “FREE FIELD INPUT REFERENCE” starting on page 9-1 serves as the
reference manual for the free-field input (rules, format, and operators) used in this code.
That chapter is summarized in this guide, but should the summary prove inadequate, the
user is referred there for full details.

The chapter “CROSS-SECTION LIBRARIES” starting on page 10-1 gives details of the
many library formats available to TWODANT, including sections on how to prepare
your own card-image (or text) libraries.

The chapter “MATERIAL MIXING TUTORLAL” starting on page 11-1 describes the
mixing concepts in detail and shows some examples.

Next is the chapter “ONEDANT, TWODANT, TWOHEX, TJVODANT/GQ, and
THREEDANT — Methods Manual” starting on page 12-1. That chapter describes the
theoretical basis for the TWODANT code as well as the other codes in the DANTSYS
package.

In the chapter “ONEDANT, TWODANT, TWOHEX, TWODANT/GQ, and THREED-
ANT — Code Structure” starting on page 13-1 is shown a brief overview of the code
package. Included are sections on programming practices and standards, code package
structure, and fictional descriptions of the three principal modules comprising the
package. In particular, the code package structure must be understood in order to make
up input for piecewise executions of the code that are possible with controls that me part
of the input in Block-I.

Error diagnostics that the user might encounter are found in the chapter “ERROR MES-
SAGES’ starting on page 14-1. Several examples of input errors and the resulting error
messages are provided for the user.

The chapter “FILE DESCRIPTIONS” starting on page 15-1 is a reference that describes
all the files used by the package. Included is a detailed description of the file structure of
the code dependent, binary, sequential interface files generated by and used in the
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DANTSYS package. Also included are descriptions of any other files produced or used
by the package, both binary and text. In some cases, this may simply be a reference to a
more comprehensive document, such as the file descriptions for the CCCC standard
interface files.
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● TWODANT INPUT OVERVIEW

Input Block Order

The full TWODANT input consists of a title line section, followed by six blocks of free
field input. The title line section is not flee field. Any input referred to as a block uses
the free field input form.

Block-I consists of basic control and dimensional information that allows efficient pack-
ing of the array data. This information also allows checking of the lengths of arrays sup-
plied by interface files.

Block-II contains the geometric information.

Block-111 consists of the nuclear data specifications.

Block-IV contains mixing information.

Block-V contains the rest of the input needed for specifying the flux calculation.

And lastly, Block-VI contains the edit (i.e., report writing) specifications.

If a text cross-section library is to be included in the input deck, it should be
between Blocks III and IV. TWODANT supports many library formats, and
library may or may not be in free field format depending upon the option chosen.

A full input would then look like that diagramed on the following page.

placed
so the
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(’Title Line(s)

{

Block-I
(Controls and Dims) I

T

Block-II
(Geometry)

T

(
Block-Ill
(Nuclear Data)

T

(’Text cross sections
(optional)

( Block-IV
(Mixing)

T

Block-V
(Solver Input)

T

[

Block-VI

(-Edit Input)
T

Figure 3.1 TWODANT Input Order
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Free Field Input Summary

The chapter “FREE FIELD INPUT REFERENCE” starting on page 9-1 is summarized
here for quick reference.

There are four basic input quantities in the free field input used in TWODH, they are
ARRAY, DATA ITEM, BLOCK, and STRING. Each of these is briefly described
below along with the concept of an input operator.

A.rraYs

The “Array” is the most basic concept in the input. Data are given to the code by placing
data items in an “Array.” To make an input to an array, one simply spells out the array
name, appends an equal sign, and follows that with the data items to be entered into the
array. For example, input for the x distribution of the volumetric source, for which the
unique array name is SOURCX, might look like:

SOURCX= OOO1.11.1OOOOO

The above input would enter source values of zero for the first three intervals, 1.1 for the
next 2 intervals, and then fdl the rest of the ten positions in the array with zero.

Data items within an array are separated by blanks or commas. In general, blanks may
be used freely throughout except within a data item, within an array name, or between
an array name and its equal sign.

Single value input variables are treated as arrays of unit length.

Numeric Data Items

Numeric data items follow a Fortran input convention. For example, all of the following
are valid entries for the number ten:

10, 1.0+1, lE1, 10.0

If a decimal point is not entered, it is assumed to be after the right-most digit.

Some arrays expect integer values for input. For such arrays, any input values contain-
ing a decimal point will be truncated.

Character Data Items

Character data items follow a Fortran variable name convention in that they are com-
posed of up to eight characters, the first of which must be alphabetic with the rest alpha-
numeric. However, special characters and blanks may be included if the data item is
surrounded by double quotes. Operators may NOT be used with character data items.
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Arrays are entered in groups called blocks. A block consists of one or more arrays (in
any order) followed by the single character T. Thus T is the block delimiter.

Stlirus

Arrays may need to
with a semicolon(;).
to input information

be entered in smaller pieces called strings. Strings are delimited
When there is matrix or other 2-d input, strings are frequently used
by row rather than for the whole 2-d array at once. The code dic-

tates-this, the user has ‘no choice. The user is made aware of w-tich arrays require string
input through use of a certain notation, described later, in the input array descriptions.

A slash (/) maybe used to enter comments in the input stream. After a slash is read, no
further processing of that card-image is done.

Q@El@x$

Several data operators are available to simplify the input.

The data operators are specified in the general form

nO d

where:

n is the “data numerator,” either an integer or a blank;
O is any one of the “data operator” characters shown below; and
d is a “data entry” (may be blank for some operators).

Note: The “data operator” character must be appended to the “data numerator.”

Using operators, the SOURCX input described above could more succinctly be given as:

SOURCX=OO02R 1.1 FO

Note that the operators for FIDO-like repeat and fill were used and were appended
directly to the data numerator. In general, all the FIDO1° operators may be used in
numeric entry.

A table of the most used operators is given next including brief descriptions. For full
descriptions of these and a complete list of all the available operators, including the
more esoteric ones, the user is referred to “FREE FIELD INPUT DETAILS’ on page 9-
13.
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Frequently Used Operators

Operato~ Functionality

nRd REPEAT the data item d, n times.

nId INTERPOLATE (linear) n data items between data item d and the next
data item.

nC d SCALE (multiply) the n previous entries by d.

Fd FILL the rest of the data string with the data item d.

nY m STRING REPEAT. Repeat the previous m strings, n times.

nLd INTERPOLATE LOGARITHMICALLY n data items between d and
the next d.

nz ZERO. Enter the value zero n successive times.

nS SKIP. Skip the next n data items.

nQ m SEQUENCE REPEAT. Enter the last m entries, n more times.

nG m SEQUENCE REPEAT WITH SIGN CHANGE. Same as the Q option
but the sign of them entries is changed every repeat.

nNm SEQUENCE REPEAT INVERT. Same as the Q option but the order of
the m entries is inverted each repeat.

nMm SEQUENCE REPEAT INVERT WITH SIGN CHANGE. Same as N
option but the sign is also changed every repeat.

nx COUNT CHECK. Causes code to check the number of entries in the
current string so far, against the number n.

a. The operator character must always be appended directly to n. d or m need not be immediately adja-

cent to the operator character.
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MINI-MANUAL Introduction

On the following few pages is given a complete list of the input names, expected array
sizes, and order within the array. No description of the array contents is given in this
MINI-MANUAL as full details are given in later sections. The MINI-MANUAL is
intended to serve as a quick reference for the knowledgeable user.

In both the MINI-MANUAL and in the detailed sections which follow, a shorthand form
is used to indicate the size and order of the array that the code expects. This information
is enclosed in square brackets immediately after the array name. Essential features are:

1. A single entry in the brackets is the array length.

2. No brackets at all indicates a simple variable (i.e., an array of unit length).

3. A dash (-) in the brackets indicates an arbitrary length.

4. A semicolon (;) indicates that the input for that array is expected in strings. To the
left of the semicolon is the string length. To the right of the semicolon is the num-
ber of strings in the array.

5. If the number of strings is shown as a product, the order is important. The left-
most quantity must be exhausted fis~ then, the next one to the right is varied. For
example, the array name for the full spatial source distribution is shown as:

SOURCF [~~T*NMQ]

where - IT is the number of fine meshes in the X-direction, JT is the number of
fine meshes in the Y-direction, and NMQ is the number of input source moments.
For this array, the first string is composed of the POsource values for each x mesh
point in the first y mesh. The next string is the PO source values in the second y
mesh. This process is repeated for all JT y meshes. Then starting again with the
first y mesh, the PI source values for each x mesh are given. After all PI values
are given, the P2 values follow. Continue until all NMQ moments are specified.

Note: Usually, values for the quantities within brackets will have already been
specified in the input. Sometimes, however, a quantity is derived from the
array input itself. For instance, in this particular case, NMQ is not an input
quantity; rather, the code counts the number of strings and then, knowing JT,
deduces what NMQ must have been.
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MINI MANUAL

Title Line Control Block-II: Geometry
(316Format)
NHEAD,NOTI’Y,NOLIST XMESH~+1]

YMESH[JM+l]

XrNTs ~]

Title Line(s) YrNTs [JM]

-.------------------
@ NHEAD>O)

ZONES~;JM]

T

/ Block-I: Controls & Dimensions

IGEOM
NGROUP
ISN
N-lso
MT
NZONE
IM
IT
JM
JT

MAXLCM
MAXSCM

-- -- -- -- --

MINIPRT

NOSOLV
NOEDIT

NOGEOD
NOMIX
NOASG
NOMACR
NOSLNP
NOEDTT
NOADJM

T
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/ lillock III. Cr ss S-. 0 ections

LIB
valid ODNINP

XSLJB

ISOTXS

GRUPXS
BXSLJB
MACRXS
IU4CBCD
XSLJBB
(locd)MENDF
(locd)MENDFG
alternate XSLIB name

WRITMXS
valid MACBCD

XSL.IBB
JLWJBF
XSLIBE

LNG
BALXS
NTICHI
CHIVEC [NGROUP]
LIBNAME
-- -. —-- -. -- --

Rest of this block is needed only for text
libraries.

MAXORD

IHs
IFIDo
ITITL
12LP1
SAV13XS
KWIKRD (default: 1)
NAMES ~SO]
EDNAME [IHT-3]
NTPI ~SO]
VEL ~GROUP]
EBOUND [NGROUP+l]

T

Block-m Mixing

MATLS [-:MT]
ASSIGN [-;NZONE]

PREMIX [-;-]

ASGMOD[-;-]
CMOD

FMM.IX

MATNAM[MT]
ZONNAMNZONE]
MATSPEC[-]

valid: ATFRAC
WTFRAC
ATDEN

Am [-]

T

/ Block-v solver

IEVT

ISCT
ITH
IBL
IBR
IBT
IBB

EPSI
IITL

OITM
ITLIM
NOSIGF

KCALC

E
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/ Solver (continued)

--- Output Controls ---

FLUXP
XSECTP
FISSRP
SOURCP
ANGP
BALP
RAFLux
RMFLux

ASRITE
ASBO1’T
ASTOP
ASLEIT

--- Miscellaneous ---

TRCOR
valid DIAG

BHS
CESARO
NO

NORM
BHGT

CHI [NGROUP;M]

DEN ~,JT]
-or-

DENX ~], DENYIJTl

WDAMP [NGROUP1

/
Solver (continued)

--- Quadrature -------

GRPSN [NGROUP]
IQUAD
WGT [MM]
MU [MM1
ETA [MM]

--- Flux Guess -------

Influx

--- Searches ---------

IPVT
Pv
EV
EVM
XLAL
XLAH

POD

XM m], YM [JM]
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,
Solver (continued)

----Volumetric Source--–

INSORS

SOURCE [NGRO~,NMQ]
-or-

SOURCX [~,NMQ] and
SOURCY [J’ljNMQl
-or-

SOURCE [NGRO~,NMQ] and
SOURCX [IT$TMQ] and
SOURCY [JTJWIQ]
-or-
SOURCF ~~JT*NGROUP*NMQ]
-or-
SOURCE ~GROUPjWJNIQ] and
SOURCF [~,JT*NMQ]

-----Boundary Source -----

SILEFI’ [NGROW,JT]
SIRITE [NGROUP;JT]
SLBO’IT ~GROW,IT]
SITOP [NGROUP;IT]
-or-

SALEFT W*2;NGROUP*JT]
SARITE W*2;NGROUP*JT]
SABO’IT [MM*2;NGROUP*IT]
SATOP [MM*2;NGROUP*lT]

-or- —

BSLFTG [NGROUP]
BSLITY [JT]
BSL~A m*2]

BSR.lTG [NGROUP]
BSRITY [JTl
BSRITA 1341vI*2]

BSBOTG ~GROUP]
BSBOTX ~]
BSBOTA [MM*2]

BSTOPG [NGROUP]
BSTOPX ~]
BSTOPA [MM*2]

/

/
Solver (continued)

---- First Collision Source ----

FCSRC
valid ANA

RAY
NO

FCNRAY
FCNTR
FCWCO

---- Monte Carlo Option ----

MCOPT
MCREG [NGROUP]
MCIBND [2]
MCJBND [2]
MCBLT
MCITS
MCNHIS
MCNTR
MCISEED
MCIPRNT

–– Monte Carlo Biasing ----

MCSB
MCWC [2]
MCCMIMP ~;JM]
MCEGIMP ~GROUP]
MCLVIMP ~SN/2]

---- Monte Carlo Sources ----

MCPTSRC [1/2]
MCBSLA [2]
MCBSRA [2]
MCBSBA [2]
MCBSTA [2]

T
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/ Block-VI: EDIT

POINTS [K], I&IT*JT
EDzoNE p’TJT]

EDXS [K], 16NEDT
RESDNT
EDISOS ~], 16.NISO
EDCONS [K], 6NIS0
EDMATS [K], 16MT
XDF ~]
YDF [JT]

RSFE ~GROUP;-]
RSFX [IT-]
RSFY [J~-]
RSFNAM [-]

ICOLL [K]. -GROUP
IGRPED

MICSUM [-]
IRSUMS [-]

MASSED

POWER
MEVPER

RzFLux
RZMFLX
EDOUTF
BYVOLP
AJED
FLuxoNE

PRPLTED

T
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● TWODANT INPUT DETAILS

Introduction

The following pages of this section give details for each of the input arrays. All valid
TWODANT arrays are discussed in this section in detail complete enough to form the
input.

However, the beginning user, particularly one unfamiliar with discrete-ordinates codes,
may find that he is missing some information of a background nature. See “What Is
Available Elsewhere” on page 3-14 for that.

First, here are a few general instructions:

1. All six of the input blocks are normally included. Block-I is always required but
any of the other five blocks may be omitted under the proper conditions. The
input module reads each block in turn and from it generates one or more binary
interface files. The interface files drive the SOLVER and EDIT modules. Thus, if
the user wants no edits, the Block-VI input maybe omitted. Then with no inter-
face file, the EDIT module will not be executed. Alternatively, if the interface file
is available from another source, the corresponding block of input may be omit-
ted. For instance, Block-II describes the geometry. The input module normally
writes this information to the GEODST interface file. If the GEODST file is
available from another source or a previous run, the Block-II input may be omit-
ted.

2. A general theme of the TWODANT input is that arrays that are not needed are
not entered. Presence of an array indicates that it should be used. Thus, for exam-
ple, if the density array is entered (DEN array), the cross section at each mesh
interval will be modified accordingly. No separate switch need be set to say that
the calculation should be done. To eliminate the density modification, simply
remove the DEN array from the input or comment it out.

3. The arrays, in general, are grouped in the input instructions according to func-
tion. Thus, for example, the input arrays for the volumetric source are found in a
single table, or grouping, of input.

4. Groupings of input data maybe marked as “Required” or “Optional” in order to
guide the user and speed navigation through the input instructions.

“Required” means that at least one of the arrays in the grouping must be entered.
Thus, you must read through the grouping and enter at least one of the arrays
found there.
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Groupings marked “Optional” may be skipped if the subject is inappropriate.
Thus, using the previous example, if one has no volumetric source, one simply
skips to the next grouping of input; there is no need to read about any of the
arrays within the volumetric source grouping.

Arrays in groupings not marked as “Required” or “Optional” should be reviewed.
These groupings contain arrays of vital data that are used in every calculation,
but have default values. Thus, although you may not make any input to these
arrays and they are in that sense optional, you must concern yourself with them to
ensure that the default values are what is intended.

5. Input arrays may also be marked individually. If not marked, they inherit the
marking of the grouping in which they are contained. Thus, an unmarked array in
a “Required” grouping is required input and you must enter that array. An
unmarked array in an “Optional” grouping is optional.

You may encounter a “Required” array within an “Optional” grouping. That
means that if you decide to invoke the option represented by that grouping, you
must input that particular array. For example, if you want user defined response
function reaction rates calculated, you must input the RSFE array.

All arrays within unmarked groupings are optional. However, values in these
arrays may be used by the code, so you should concern yourself with the default
values if you choose not to enter a value.

6. Unless specifically noted otherwise, the default on all numeric inputs is zero.

7. In an adjoint run, none of the groupwise input arrays should be inverted. The
code will externally identify all groups by the physical group number, not by the
calculational group number (the calculational group number is in inverse order).
Thus, the user interface should be consistently in the physical group order.

8. The use of information within square brackets to indicate the size of arrays and
strings and the order within those arrays is the same as described in “MINI-
MANUAL Introduction” on page 3-22.

9. Except where noted, arrays and strings must contain the exact number expected
by the code (as indicated in the array or string description). If not, the code will
eventually abort with a (hopefully) descriptive error message or messages.

10. New users reading these instructions for the first time and unfamiliar with the
TWODANT input may find it helpful to follow the sample input in Appendix A
while reading this section.

11. Array names are shown here in upper case. What you should actually input for
them will depend upon the code’s implementation on your platform. At the
present time, on most platforms, you should use lower case input.
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12<

13.

14.

Items in italics in the input instructions indicate actual values that maybe entered
for an array. You will frequently find switches where the input is the digit Oor the
digit 1. This will be represented by 0/1 in the input description. In other arrays
where an exact character string is required such as “ISOTXS” in the LIB array,
you will find the notation ISOZXS. Note that in this notation, the word is both
upper case and italicized. This combination means you must enter exactly those
characters. Again, although the characters will be shown here in upper case, what
you should actually input for them will depend upon the code’s implementation
on your platform.

When a template for the input form is given, as for the MA’ array, the style in
the template tells the user what is expected. Lf an input word or value is lower
case and italicized, the user is to replace that position with the entry of his choice.
If the input word is in italicized style and in upper case, the user is to input
exactly those characters to achieve the desired result. Depending on the imple-
mentation on your platform, the input word, itself, is usually in lower case.

Units to be used for the input quantities are not spelled out as they only need to
be self consistent. However, the following are commonly used: Dimensions in
centimeters, isotopic cross sections in barns per atom; then it follows that atom
densities are in atoms per barn-centimeter. Sources are particles per cm3 per sec-
ond for volumetric sources and particles per cm2 per second for boundary
sources; fluxes will then be in particles per cm2 per second.
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Title Line Details

Title Line Control
(format 316)a

{Required}

Word Name Comments

a.

b.

1 NHEAD Number of title lines that follow.b

2 NO TY Suppress output to on-line
tex%nal? -
0/1 = nolyes.

3 NOLIST Suppress listing of all ASCII
input?
0/1 = no/yes. (default=no)

user

text

WARNING! Note that this first line is in fixed format.

Follow this control line with NHEAD title lines containing descriptive comments.
Each title line may contain up to 72 characters.
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Block-I Details: Dimensions and Controls

Dimensions
{Required}

Name Comments

IGEOM Geometry. 60/11 = x-yh-zfr-theta
or use one of the following character strings:

X-x R-Z, R-THETA

NGROUT Number of energy groups.

ISN Sn order to be used. If ISN is negative, code will use
the Chebychev-Legendre (IQUAD=2) quadrature set. (See IQUAD
input in “Quadrature Details” on page 3-54).

NIso Number of isotopes on the basic input cross-section library.

Number of materials’ in the problem (mixed from the isotopes).

NZONE Number of geometric zonesb in problem.

IM Number of coarse mesh intervals in the x (or r) direction.

IT Total number of fine mesh intervals in the x (or r) direction.

J-M Number of coarse mesh intervals in the y (or z) (or theta) direction.

.JT Total number of fine mesh intervals in the y (or z) (or theta)
direction.

a. Material is defined on page 3-44.

b. tine is defined on page 7-13.

c. Coarse mesh is defined on page 7-13.

d. Fine mesh is defined on page 7-13.

Storage Requirements
{Optional}

Name Comments

MAXSCM Length of SCM desired (default=4000010)

MAXLCM Length of LCM desired (default= 14000010)

—
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The above input (Dimensions plus Storage Requirements) for Block-I will cause the
code to attempt to produce a full run, subject to availability of the input normally found
in the other Blocks. The controls below allow shortened print files, partial runs (say, of
only the input module), or cause the code to ignore any of the other input Blocks
present. For full details on their use, see “PIECEVVISE EXECUTION” on page 13-19.

Minimum Print Output
{Optional}

II Name Comments II

MINTPRT Provide a shortened output print file.a 0/1 = no/yesb

II II

a. This shortened print file contains the title, the name of the cross-section library used, the core storage
needed, the iteration monitor, the global balance table, and not much else. However, existing print
controls, such as the variable NOLIST on the first line which controls the listing of the input lines and
the array print controls in the solver modules, work as before and are not affected by the MINIPRT
input. The EDIT module also works as before; MIIWPRT has no effect on its output.

b. You may also use the words no or yes as an entry.

3-34 TWODANT USER’S GUIDE Version 3.0



TWODANT INPUT DETAILS Block-I Details: Dimensions and Controls

Run Configuration Controls
{Optional}

Name Comments

NOSOLV Suppress solver module execution. 0/1 = no/yes.

NOEDIT Suppress edit module execution. 0/1 = no/yes.

NOGEOD Suppress writing GEODST file even though the geometry input
(Block-II) may be present. 0/1 = no/yes.

NOMIX Suppress writing mixing files even though the mixing input in
Block-IV may be present. 0/1 = no/yes.

NOASG Suppress writing ASGMAT file even though the assignment input
in Block-IV may be present. 0/1 = no/yes.

NOMACR Suppress writing the MACRXS file even though both Block-111
and Block-IV may be present. 0/1 = no/yes.

NOSLNP Suppress writing the SOLINP file even though Block-V may be
present. 0/1 = no/yes.

NOEDTT Suppress writing the EDITIT file even though Block-VI may be
present. 0/1 = no/yes.

NOADJM Suppress writing the ADJMAC file even though an adjoint
calculation is called for. 0/1 = no/yes.

Note: Default on all these controls is no.

TWODANT USER’S GUIDE Version 3.0 3-35



. TWODANT INPUT DETAILS Block-II Detaik Gcomcuy

Block-II Details: Geometry

Geometry Arraysa
{Required}

Name Comments

XMESH ~+1] x (or r) coordinates of coarse mesh edges.

YMESH [JM+l] y (or z) (or thetab) coordinates of coarse mesh edges.

XINTs~] Number of fine meshes in each coarse x (or r) mesh.

YINTS [JM] Number of fine meshes in each coarse y (or z) (or theta)
mesh.

ZONES ~;JM] Zone numberc for each coarse mesh. This array defines
the geometric zones to which cross-section materials
are assigned. The zone number must not be greater than
NZONE.

a.

b.

c.

Definitions of coarse mesh, fine mesh, and zone are given in the chapter “DETAILS OF THE
BLOCK-I, GEOMETRY, AND SOLVER INPUT” starting on page 7-1. See note on uNts on page 3-
31. The information entered in this block is written to the CCCC standard interface tile GEODST.

The units of theta are revolutions.

A zone number of zero indicates the mesh contains a void and no cross section will be associated
with that mesh. The zero zone number is not counted in the total zone count NZONE.

3-36 TWODANT USER’S GUIDE version 3.0



‘IWODANT INPUT DETAILS Block-111 &tdS: Nuclear Data

Block-III Details: Nuclear Data

Nuclear Data Type and Options
{Required}

Name Comments

LIB Namea and form of the cross-section data file.
Enter as a data item one of the following words:

Word Description

IsoTXsb CCCC standard isotope ordered binary cross-
section file.

XSLIB ASCII text library supplied in a separate file
named XSLIB.

ODNINP ASCII text library follows after this block of
input (after the T of Block-lII).

GRUPXf CCCC standard group ordered cross-section file.

BXSLIB Binary library supplied as a separate file named
BXSLIB. [See “Binary Form of Card-Image
Libraries (the BXSLIB file)” on page 10-12.

&?xcRx# Use existing files named MACRXS for
SOL~R module, SNXEDT for EDIT module.
These files were created in a previous run. Under
this option, any remaining Block-III input and,
unless otherwise specified in Block-I, any
PREMIX and MATLS input in Block-IV will be
ignored.

XSLIBB See “XSLIBB Card-Image Library File” on page
10-12.

A4ACBC’D ASCII form of MACRXS file.

MENDF (LANL only) See “The LOS Alamos MENDF5
Cross-Section Library” on page 10-13.

MENDFG (LANL only) See “The Los Alamos MENDF5G
Gamma Cross-Section Library” on page 10-14.

other If a word other than those listed above is entered,
the code will use the file with that word as its
name, provided that file exists in the user’s file
space. Such a file must be structured as an
XSLIB file.

Controls the code’s writing certain ASCII cross-section ~es.e
{w Enter one of the following words:
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Nuclear Data Type and Options (Cont.)
{Required}

Name Comments

M Description

A4ACBCD Creates the cross-section file named MACBCD,
an ASCII image of the MACRXS binary file.

XSLIBB Creates the cross-section file named XSLIBB, an
ASCII irrtage of the BXSLIB binary file.

XSLZBE Creates the cross-section file named XSLIBE, an
ASCII file derived from, and corresponding to,
the MACRXS binary file. XSLIBE is in Los
Alamos 6E12 format (IFIDO=O).

XSLIBF Creates the cross-section file named XSLIBF, an
ASCII file derived from, and corresponding to,
the MACRXS binary file. XSLIBF is in FIDO
fixed-field format (IFIDO=l).

LNG Number of the last neutron group in a coupled neutron-photon
{optional} library. Used only to separate neutrons from gammas in the edits.

BALXS Cross-section balance control. Enter one of the following values:
{optional} W~G See page 10-21 before using!

Value Description
-1 balance cross sections by adjusting absorption

cross section.

o do not balance cross sections. (default)

1 balance cross sections by adjusting self-
scattenng cross section.

NTICHI MENDF fission fraction to be used for the problem (LANL only).
{optional} 1/2/3 = Pu239KJ235KJ238 (default is U235). Will be overridden

by any CHIVEC input described below or by any zone-dependent
CHI in input Block-V.

CHIVEC Chivector (fission fraction born into each group). Used for every
[NGROUP] isotope. Will be overridden by any zone dependent CHI input in
{optional} Block-V.

a.

b.

c.

d.

e.

On UNIX systems, the user may specify a search path for some of these files using the environment
variable SNXSPATH. See ‘library Search Path” on page 3-124 for details.

The CCCC standard for tile ISOTXS does not allow the inclusion of the 2L+ 1 term in the higher
order scattering cross section. However, if you have a nonstandard file which contains the 2L+1 term,
you may override by setting 12LP1=1. See ‘Text Cross-Seetion Library Format” on page 3-41.
TWODANT will then convert the cross sections to the appropriate internal form.

The 2L+1 term on GRUPXS is treated the same as for ISOTXS. See footnote b.

In the convention used in this user’s guide, a MACRXS library contains “material” cross sections; all
the other libraries contain “isotope” cross sections.

See “COUPLED NEUTRON-GAMMA CROSS SECTIONS” on page 10-15.
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Alternate Library Name
{Optional}

Name Comments

LIBNAME Alternate name of the library file. May be used only with certain
types of libraries. See Table 3.1.

The entries in the LIB input variable normally dictate both the form and the name of the
cross-section library. If the user specified ISOTXS, for example, the code would look for
a file named ISOTXS and expect it to be in the CCCC format for an ISOTXS file.

For some libraries, the user may speci& the form in the LIB array and specify separately
the name in the LIBNAME array. The libraries that can be treated this way are shown in
Table 3.1.

Table 3.1 LIBNAME Availability

LIB
LIBNAME

AVAILABLE?

==-K-
ISOTXS I Yes

BXSLIB I Yes

=--H-
XSLIBB I No

MENDFa
I No

MENDFGb I No

XSLIB Yes

other Ignored

a. Available only at Los Alamos.

b. Available only at Los Alaxnos.
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The BXSLIB file requires special treatment. It is normally created when the original
library is a text library in the ODNINP or XSLIB form. In subsequent runs, this binary
BXSLIB file may be used as the source of the cross-section data. The user may wish to
save this file under another name. The program, in future runs, may then access the
library for reading by using LIBNAME to specify that name.

This procedure is wise because some cases using the BXSLIB form as input also require
rewriting it in order to add new information. When this situation arises, the rewritten file
is always named BXSLIB. Thus, if the original BXSLIB form library had a different
name, it would be protected from being overwritten. For the remainder of the current
run, the program will access the file named BXSLIB.
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Text Cross-Section Library Format
{Required if LIB= XSLIB or LIB=ODNINP}

Name Comments

MAXORD Highest Legendre order in the scattering tables.

Number of positions (entries) in each row of the
cross-section table.

Position number of the total cross section.

En Position number of the self-scatter cross section.
{optional} (default = II-IT+ 1).

IFIDo Format of the cross-section library.
{optional} -1/0/1/2 = Precision(4E18)/Los Alamos(6E12)/fixed-

field FIDO/free-field.

A title line precedes each table. 0/1 = no/yes
{optional}

12LP1 Higher order scattering cross sections on the library
{optional} contain the 2L+1 term. 0/. = nolyes. Note: For a

non-standard ISOTXS or GRUPXS that contains the
2L+1 term, enter a 1 here.

SAVBXS Save the binary form of the ASCII text library
{optional} XSLIB or ODNINP for use in a subsequent run.

Saved on file BXSLIB. 0/1 = no/yes.

Process fixed-field FIDO-format, ASCII text library
{optional} with fast processor at the sacrifice of error checking?

0/1 = no/yes (defauh=yes).

NAMES ~SO] Character name for each of the input isotopes. Can be
{optional} used later in mixes. (default names are: 1S01,

1S02, . . . etc.).

EDNAME ~-3] Character name for each of the EDIT cross-section
{optional} positions used in the cross-section edits. These are

the positions before the absorption cross section in
the cross-section table. (default names are: EDITl,
EDIT2, . . . etc.).

NTPI [NIso] Number of Legendre scattering orders for each
{optional} isotope in the library. (default=MAXORD+l in all

positions).

VEL ~GROUP] Speeds for each group. Needed only for alpha
{optional} calculations.

EBOUND ~GROUP+l] Energy boundaries for each group.
{optional}
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ASCII text libraries may be entered in one of the four forms indicated by the IFIDO
input. All four forms share the following features: Cross sections are entered in a table
optionally preceded by a title line. A table consists of NGROUP rows of entries. Each
row contains the cross sections for a single group and consists of IHM entries. The user
specifies the positions in the row occupied by the total and selfscattering cross sections.
Order within a row (e.g., for group g) is then as follows:

Notice that all terms in the scattering matrix are in positions relative to that of the self-
scattering position and the rest of the cross sections are in positions relative to the posi-
tion of the total cross section. The positions before the absorption cross section are
frequently used for edit cross sections. For more detail, see “Ordering of Cross Sections
Within a Cross-Section Table” on page 10-10.

Different Legendre orders are in different tables, which follow in order.

The user may order the group structure either by increasing energy or by decreasing
energy. However, it is conventional and desirable for most problems to order it by
decreasing energy, that is, group one is the highest energy. In that case, the scattering
cross sections to the left of Og+g such as Cg+l+g are upscattering terms and the terms to

the right of Og+g are the downscattering terms.

In the Los Alamos format, the table is entered with a standard Fortran 6E12 format.

For greater precision in your input, use the 4E18 option.

In the fixed field FIDO format that ANTSNIOuses, entries are made in six twelve-column
fields. Each twelve-column field is divided into three subfields, a two-column numeric
field, a one-column character field, and a nine-column numeric field. See page 9-19 for
details if you are not familiar with this input. The last field in each table must have the
character Tin the character position. No array identifier should be used. This format also
restricts the usable input operators to T, *, R, -, +, and Z.

In the free field form, entries do not have to be in designated columns. Rather, the rules
specified in the chapter “FREE FIELD INPUT REFERENCE” starting on page 9-1
apply. Each table in this form is also terminated with the character T. No array identifier
(i.e., array name with appended equals sign) should be used.
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Block-IV Details: Cross-Section Mixing

A short summary of the primary mixing arrays, MATLS and ASSIGN, is given here for
quick reference. Normally, THESE TWO ~YS ARE REQUIRED and, in most
problems, would be the only arrays in this block. Other mixing arrays are also briefly
described.

There are actually several nested levels of mixing. Each level has the job of calculating
k

values from expressions of the form: Zg = ~ Nisi ~ for each group, g. The user’s job
i=l

is to input the Ni for all the k components of the mixture and to specify each component,
, . In common usage, for the fist level of mix-i. Component i has the cross section, ~i ~

ing, ~i,~ is the effective microscopic cross section and Ni is the atom density of isotope i,
and Xg is then the macroscopic cross section of some material. In a higher level of mix-

ing, these materials may be homogenized into a single material by using their volume
fractions for the N& With several nested levels, the user has a great deal of flexibility in

defining what Xg is for that level. A more complete discussion of mixing will be found in
the chapter “MATERIAL MIXING TUTORIAL” starting on page 11-1.

A discussion of cross section processing is outside the scope of this document, but it
should be noted that the user needs to be aware of the processing that is inherent in the
input library. For instance, for materials in which there are isotopes with cross-section
resonances, self shielding of the cross sections for these isotopes may be important and
this effect must have been considered in the preparation of the “effective” microscopic
cross sections for these isotopes. Since the self shielding is dependent on the amounts
and types of the other isotopes in the material, the “effective” cross section is strictly
valid only for use in a mixture which has the same composition as was used in the self
shielding calculation. If the user desires to use this same “effective” microscopic cross
section in some other composition (mix) of material, it is up to the user to verify the
accuracy of this approach.
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Primary Mixing Arrays
{Required}

Name Description

MATLSa [-;MT] Instructions for mixing “isotopes” or premixes into
“materials.” See details below.

ASSIGNb [-;NZONE] Assignments of materials to geometric zones. See
below.

PREMIX [-;-] Instructions for mixing “isotopes” into premixes. See
{optional} below.

a. The information entered in the MARS array is written to the CCCC standard inte~aee files NDXSRF
and ZNATDN.

b. Information entered in the ASSIGN array is written to the code-dependent interface file ASGMAT.

In order to understand how cross sections are mixed and the resultant material Placed in
the problem, we first need a little conceptual information.

.

The key entities used in specifying the cross-section spatial distribution are coarse mesh,
zone, isotope, and material.

The basic geometxy of the problem is defined with the coarse meshes specified in
Block-II. The geometric areas called zones are also defined there using the ZONES
array; the ZONES array designates the zone number assigned to each coarse mesh.

Here in Block-IV, we mix cross sections and assign them to the zones created in
Block-II. For the purposes of this discussion, the cross sections found on the input
library belong, by definition, to “isotopes”, no matter what their true nature. These “iso-
topes” may then be mixed to form materials, using the MATLS array. Materials are then
assigned to zones using the ASSIGN array.

~TLS hDUt aI’HW

The general form of a MATLS mix instruction is shown below:

MATLS= matl compl denl, comp2 den2, ...etc .... ;

where ]ndJ is the desired character name of the first material and compl, comp2, and so

on are the character names of its components which have “densities” of, respectively,
denl, den2, and so on. Additional materials (i.e., mat2, mat3, and so on up to the required
number, MT) are defined in subsequent strings. Each string may contain as many com-
ponents as necessary (actual limit = 500). A component is usually an isotope from the
library, but may also be a temporary material created by the PREMIX array (see below).
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When the component is an isotope, the deni is commonly the atom density of the isotope
in that material although other definitions exist (See MATSPEC on page 3-49).

Short form: MATLS= 1S0S

This form specifies that there should be as many materials as isotopes and that isotope
number 1 is to be used for material number 1, isotope number 2 is to be used for material
number 2, and so on.

In the special case where there is only a single component in a material and its density is
unity, the density entry may be omitted as in the first material below:

MATLS= mat] compl; mat2 comp2 den2; ...etc .... ;

Ass IGN iIIDU t arrav

The general form of the ASSIGN instruction is shown below:

ASSIGN= zonel matl Voll, mutl V012, ...etc .. . . ;

where Zonel is the desired character name to be used for the first zone (the one specified

with numeral 1 in the ZONES array). matl, mat2, and so on are the character names of

the materials that will be present in this zone with, respectively, the “volume fractions”
Voll, V012,and so on. Additional zones (i.e., zone2, zone3, and so on up to the required
number, NZONE) are defined in subsequent strings. Although it is highly recommended
that you use character names, here it is convenient to use the numeral for the zone name
because it is the same numeral entered in the ZONES array.

Short form: ASSIGN= MATLS

This form specifies that there are as many zones as there are materials, and that material
number 1 is to be assigned to zone number 1, material number 2 to zone number 2, and
so on.

NOTE: The short form ASSIGN=MATZ.S can not be used if you intend to use the
ASGMOD input array described later in this section.

PREMIX imut arrav

The PREMIX array forms temporary materials in a way exactly analogous to the way
that permanent materials are formed in the MATLS array. The difference in treatment is
that the temporary materials created by PREMIX exist only long enough to complete the
mixing; they are not available for assignment to geometric zones, nor are they available
for use in material edits.

The general form of a PREMIX mix instruction is shown below:

PREMIX= tmatl compl denl, comp2 den2, ...etc .... ;

TWODANT USER’S GUIDE Version 3.0 3-45



TWODANT INPUT DETAILS Block-IV Details: Cross-Section Mixing

where tmatl is the character name of the first material and compl, comp2, and so on are

the character names of its components which have “densities” of, respectively, denl,
den2, and so on. Additional temporary materials (i.e., tmatz, tmat3, and so on) may be

defined in subsequent strings. A component maybe either an isotope from the library or
another temporary material created by PREMIX.

The PREMIX array is useful for organizing the mixing input. For instance, it is fre-
quently useful to mix the cross sections for a molecule of water and then in subsequent
mix instructions, to input the molecular density of water as opposed to entering the atom
density for both hydrogen and oxygen. Other examples are to form average cross sec-
tions for an element composed of many isotopes, or to form full density materials and
then in later mix instructions to put in the volume fraction of the full density material.

Numeric Names

In the foregoing discussion, isotopes, materials, and zones were identified by their char-
acter names. Optionally, they may be referred to by their ordinal number. Thus, 2 for an
isotope name would call for the second isotope on the library. However, this practice is
NOT recommended.

THE CHAIUCTER NAME FORM IS HIGHLY RECOMMENDED. It provides the
most straightforward, most readable form. If the character name form is used, the nam-
ing input arrays in the following table are not needed.

Using the character name form in one array and the numeric name form in another array
is particularly discouraged. However, should one wish to use the numeric form in the
M.ATLS and/or ASSIGN arrays, and then subsequently associate character names with
the ordinal numbers, one can use the naming arrays in the following table to do so. This
situation could arise if, for some reason, one wanted to use material numbers in the
NL4TLS array, but use character material names in the ASSIGN array.

Wlen the library is of the MENDF form, the character names that must be used for the
isotope names are discussed in “The Los Alarnos MENDF5 Cross-Section Library” on
page 10-13.

Mixing Array for a Concentration Search
{Optional}

Name Description

ASGMODa [-;-] Cl parameters used in concentration searches. See the
discussion below.

—
a. The information entered in tie ASGMOD array is written to the ASGMAT file together with the

information from the ASSIGN and CMOD arrays.
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ASGMOD immt arrav

The ASGMOD array is used in conjunction with the ASSIGN array when one wishes to
vary the composition of a zone or zones in order to achieve a certain value of k-effective
or alpha (i.e., in a concentration search). The concentration (or volume fraction) of mate-
rial x in zone z is given by the following expression:

C(z,x) = Co(z,x) + Cl (z,x)*CMOD

where Co(z,x) is the base concentration of material x in zone z. This is the concentration

(or volume fraction) entered in the ASSIGN array for material x. In these arrays, x is
not any kind of an index; correspondence is made by name, rather than by position
within the array. Thus, for instance, in a problem that had ten materials, we might only
assign one of them to a given zone. It would then probably be in the first position in the
ASSIGN array string for that zone even though it might have been say, sixth in the list of
all materials.

Cl(z,x) is the corresponding entry in the ASGMOD array for material x in zone z.

CMOD is the search parameter (sometimes called search eigenvalue) that will be varied
by TWODANT in order to achieve the desired k-effective or alpha value. In a search
calculation, the initial value for CMOD will be the input value EV.

The general form of the ASGMOD instruction is shown below:

ASGMOD= zone matm Volm, mutn Voln, ...etc .... ;

where zone is the character name of any zone in the problem, matm matn, and so on are

the character names of any of the materials that will be present in this zone, and Voln,

Voln, and so on are the Cl values for respectively, matm mutn, and so on. Additional

zones may be specified in subsequent strings. All zones do not have to appear in the
ASGMOD array nor do all materials within a zone have to appear in the string for that
zone.

Concentration Modifier
{Optional}

Name Description

CMOD Concentration modifier. Input value is not used in a search.
See the discussion below.
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The concentration modifier, CMOD, is varied by TWODANT during a search calcula-
tion. For any other type of calculation, a value of CMOD maybe input and the composi-
tion of the zones will be calculated using the expression above for C(z,x).

Fine Mesh Mixinga
{Optional}

Name Description

Read the composition of each fine mesh from the file
LNK3DNT. 0/1 = no/yes.

1’

a. x-y geometsy only.

The fine mesh mixing algorithm is designed for a general geometry option in x-y geom-
etry using a volume fraction method on the fine mesh. It implies that one has an auxil-
iary code which will generate the volume fraction data from a general geometry
description and store it on the file LNK3DNT.
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Miscellaneous Mixing Input
{Optional}

Name Comments

MATNAM MT] Character material names for Materials. Used only if
the matl name used in the MA~ array was integer.
First entry in MATNAM array is the desired character
name for Material number 1, second entry is the
desired character name for Material number 2, etc.

ZONNAM ~om] Character zone names for Zones. Used only if the zone
name entry in the ASSIGN or ASGMOD array was
integer. First entry in the ZONNAM array is the desired
character name for Zone number 1, second entry is the
desired character name for Zone number 2, etc.

MATSPEC [SMT] Tells code whether material mixing in the MA”
array is in terms of atomic densities, atomic fractions,
and/or weight fractions.
Allowable entries are the words:

ATDENS (default) atomic densities
ATFRA~ atomic fractions
WTFRAC weight fractions

Can be input as a vector with up to MT entries (one for
each Material) [See “Using Atomic Fractions or
Weight Fractions (MATSPEC)” on page 11-13.] If less
than MT entries are made, the last entry will be used to
fill out the array to a length of MT.

Am [S2*NISO] Atomic weights of the isotopes. If using
{requiredb} MATSPEC=ATFRAC or ~C, atomic weights

must be available to the code. Entries for the ATWT
array are made in pairs, as follows:

Am= isol atwtl isoz atwtz ....

where ison is the isotope name (identifier) for isotope n
on the cross-section library and atwtn is that isotope’s
atomic weight.
[See “Using Atomic Fractions or Weight Fractions
(MATSPEC)” on page 11-13].

a. ATFILAC and WTFRAC cannot be used with PREMIX.

b. Required iff MATSPEC=ATFRAC or WTFRAC and atomic weights are not available from the input
library.
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Block-V Details: Solver Input

Desired Calculation

Name Comments

IEVT Calculation type: Enter one of the following values:

Value Calculation Desired

o inhomogeneous source (default).

1 km
2 u (time absorption) search.
3 concentration search.

4 dimension search.

ISCT Legendre order of scattering (default= O).

ITH 0/1 = directiadjoint calculation (default= O).

IBL Left boundary conditions. 0/1/2/3 = vacuum/reflective/periodic/
white (default = vacuum).

I13R Right boundary condition. 0/1/2/3 = vacuum/reflective/periodic/
white (default = vacuum).

IBT Top boundary condition. O/_V2/3= vacuum/reflective/periodic/white
(default = vacuum).

IBB Bottom boundary condition. O/lLV3 = vacuum/reflective/periodic/
white (default = vacuum).

a. The left boundary condition applies only for x,y geometry.
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Iteration Controls

Name Comments

EPSI Convergence precision (default=O.OOOl).

IITL Maximum number of inner iterations per group at first (default= l).

IITM Maximum number of inners allowed when fission source is near
convergence (default chosen by code).

OITM Maximum number of outer iterations (default=20).

mm Number of seconds time limit (default=unlimited).

NOSIGP Inhibit fission multiplication in a fixed source problem.
0/1 = no/yes.

a. The situation envisioned by this option is that a fission problem has previously been run in which case
a FIXSRC file will have been automatically written. That FIXSRC file will contain the pointwise
source given by ( 1/keff) xg~ where @ is the fission distribution. Then the problem is rerun with
NOSIGF=l and INSORS=l to achieve the same answer as the original. This can then be used to study
differences horn the original system that do not impact the fission source such as changes in the shield
design of a nuclear reactor.

Acceleration Controls

II I
Name Comments

GREYACC Upscatter acceleration. 0/1 = nm’yesb.

a. See page 7-21 for details.

b. The user may also input the words no or yes.

K-Code Convergence
{Optional}

Name Comments

KCALC Special Criticality Convergence Scheme. 0/1 = no/yes.
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A special convergence scheme may be invoked for problems which require a good
eigenvalue but do not require tight convergence of the pointwise fluxes. It consists of
converging the eigenvalue but not the pointwise fluxes. Normally both must be con-
verged. It also sets the default for eigenvalue convergence to 0.001 rather than 0.0001.
To invoke this option to save running time, set the input parameter KCALC to unity.

Output Controls
{Optional}

Name Comments

FLUXP Final flux print. 0/1/2 = no/isotropic/all moments.

XSECTP Cross-section print. O/lL2 = no/principal/all.

FISSRP Fission source rate print. 0/1 = no/yes.

SOURCP Source print. 0/1/2/3 = no/as inputfnormalizedhoth .

ANGP Print the angular flux. 0/1 = no/yes. CAUTION! this is very LARGE
output. ANGP=l will also cause the IUWTLXM or &M?LXM file to
be written.

BALP Coarse Mesh Interval Print Options. Enter one of the following
values:

Value Description
o None

1 Print coarse mesh balance tables only.

2 Print coarse mesh negative flux fixup monitor only.

3 Print both balance tables and flux fixup monitor.

IL4FLux Prepare angular flux file (RAFLUX or AAFLUX). 0/1 = no/yes.

RMFLux Prepare flux moments file (RMFLUX or AMFLUX). 0/1 = no/yes.

ASRITE O/i = No/Write right-going angular boundary flux from column i to
file ARBFLUX.a The value of i must be between 1 and IT+l.

ASBOTT O/j = No/Write down-going angular boundary flux from row j to file
ARBFLUX. The value of j must be between 1 and JT+l.

ASTOP O/j = No/Write up-going angular boundary flux from row j to file
ARBFLUX. The value of j must be between 1 and JT+l.

ASLEFT O/i = No/Write left-going angular boundary flux from column i to file
ARBFLUX. The value of i must be between 1 and IT+l.

a. See “ARBFLUX” on page 15-17 for the format and order of the angular fluxes. The order of the data
in the ARBFLUX file is compatible with the format required for inputting full angular boundary
sources. For example, a right-going angular boundary flux specified by art ASIUTE write may be
used as a SAL~ source for a subsequent run by replacing the appropriate header card in the ARB-
FLUX file with “SALEFI’=.”

—
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Miscellaneous Solver Input
{Optional}

Name Comments

TRCOR Apply transport corrections to cross sections on
MACRXS file. Enter one of the following words:

Word Description
DIAG Use diagonal transport correction.
BHS Use Bell-Hansen-Sandmeier correction.
CESARO Use Cesaro “correction.”
NO (or omit entry) Use no correction.

NORM Normalize the fission source rate to this value when
IEVT>l or normalize the inhomogeneous source rate
to this value when IEVT=O. NORM=O means no
normalization. (Integral of source rate over all angle,
space, and energy = NORM, except for kefl problems
where the integral is equal to NORM*ke ). Any fluxes

%printed by setting FLUXP nonzero will e normalized
consistently with this source rate.

BHGT Buckling height to use to correct for leakage. Units are
centimeters if macroscopic cross section is in cm-l.
Ignore if r-z.

CHI ~GROUP;M] Fission fraction born into each group. b Enter by zone
up to M zones. Succeeding zones (i.e., zones M+l
through NZONE) will use the CHI values from zone M.

DEN ~TJT] Density factor to use at each fine mesh point. Applied
or to the zone macroscopic cross sections at each mesh

interval.

DENX ~]c Density factor to use at each fine x-mesh (or r-mesh)
and/or (default= l).

DENY [JT] Density factor to use at each fine y-mesh (or z-mesh)
(or theta-mesh) (default= l).

WDAMP ~GROUP] Flags to activate adaptive weighted diamond
differencing (AWDD)ll for each group. 0.0/W = no/
activate AWDD with parameter W.d If W = 0.0, the
default diamond with fixup is used.

a. For more information, see “Transport Corrections for the Cross Sections ( TRCOR )“ on page 7-31.

b. This input will override any previous CHl from earlier blocks or from any cross-section library which
contains CHI.
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c. In this seeond form, the density factor DEN(i~), at mesh interval (ij) is computed as follows:

DEN(iJ) = DENX(i)*DENY(j)

d. Reeomrnend 1.0 c W c 4.0 for shielding applications.

Quadrature Details

Name Description

GRPSN ~GROUP] Sn order to be used for each group.

IQUAD Source of quadrature constants. Enter one of the
following:

Value Descrbtion

-3 Get constants from SNCONS file.

-2 Triangular Chebychev-Legendre built-in set.
Any even value for ISN can be used up to 50.
From 50 to 100, ISN must be in multiples of
10. See Ref. 9 for details.

1 Traditional built-in constants. Any even value
for ISN can be used between 2 and 16,
inclusive. (This is the default).

2 Rectangular Chebychev-Legendre built-in set.
(REQUIRES ISN negative in Block-I!) Any
even value for the absolute value of ISN can
be used up to 50. From 50 to 100, the absolute
value of ISN must be in multiples of 10. See
Ref. 9 for details.

WG~ [MMb] Quadrature weights.
{optional}

MU w] Mu cosines.
{optional}

ETA m] Eta cosines.
{optional}

—
a. Presence of the WGT, MU, and ETA arrays overrides the IQUAD input,

b. MM=ISN*(ISN+2)/8 for IQUAD = -2,1.

MM= (ISN/2)**2 for IQUAD. 2.
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Flux Guess From a File
{Optional}

Name Comments

IN-Flux Read the initial flux guess from a file.a 0/1 = no/yes.

If ITH=O and ISCT>O, and the flux moments file RMFLUX exists,
read the initial flux guess from RMFLUX. Otherwise, read the initial
flux guess from the RTFLUX file.

If ITH=l and ISCT>O, and the adjoint moments file AMFLUX
exists, read the initial flux guess from AMFLUX. Otherwise, read
the initial flux guess from the ATFLUX file.

a. There is presently no text input flux guess available for TWODANT.

General Eigenvalue Search Controla

a
{ IEVT >1}

Name Comments

IPVT

Pv

EV

EVM

XLAL

XLAH

XLAX

POD

Type of eigenvalue to search for in a concentration or dimension
search. 0/12 = none/ ~ff / (y.. (default= 1).

Value of ke~ or ct to which to search. (default = 1.0 if IPVT=l, 0.0 if
IPVT=2.

Initial search parameter. Value at which to start the search parameter,
(default=O).

Initial search parameter increment. Amount by which to change
search parameter in the first step of a search. (REQUIRED - there is no
default).

Lambda lower limit for search. (default = 0.01).

Lambda upper limit for search. (default = 0.5).

Lambda convergence criterion for second and subsequent search steps.
(default = 10*EPSI).

Parameter oscillation damper. (default=l .0).

a. See “Eigenvalue Searches” on page 7-33 for definitions of these quantities.
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TWODANT can vary the composition or dimensions of a zone (or zones) in order to
achieve a desired k-effective or alpha value. The search input consists of the above gen-
eral search input plus input specific to the type of search being performed.

Dimension Search Input
{Required if IEVT=4}

Name Comments

XM ~] x-dimension fractional change per coarse mesh (or r).

YM [JM] y-dimension fractional change per coarse mesh (or z) (or theta).

The dimension search requires the XM and/or YM input as well as the general search
input above. During the search, TWODANT varies the search parameter (sometimes
called the search eigenvalue) denoted by EV in the following expressions to change the
coarse mesh boundaries:

~SHi+l = XMES~ + {XNESHi+l-~Hi} * [l.O+EV*XMi], i=l, . . . JIM

YMESHj+l = YMESHj + {YMESHj+l-YMESHj } * [l.O+EV*Wj]$ j=l, . . . ,JM

Although they may seem a bit awkward at first, the user will find these expressions to be
quite flexible. With proper choice of the XMi, and YMj values, the user can move any or

all of the coarse mesh boundaries while allowing others to remain stationary. The quan-
tities in { } in the above expressions are always formed from the original input values.

Concentration Search Input
{Required if IEVT=3}

Name Description

The solver input for a concentration search is to set IEVT = 3 (page 3-50) and input
the general eigenvalue search controls. But you must also input the ASGMODa
array in Block-IV.

a. A concentration search involves the mixing instructions. A discussion of the ASGMOD array is found
in the mixing input description on page 347.

3-56 TWODANT USER’S GUIDE Version 3.0



TWODANT INPUT DETAILS Block-V Details: Solver Input

Volumetric Source Options
{Optional}

Name Comments

INSORS Read source from interface file FIXSRC.
0/1 = nolyes.

----- For a text-input source, choose one of the following options:

Option 1:

SOURCE ~GROUP; NMQ] Source spectrum for each of NMQa
moments. (Spatial distribution is assumed
to be flat with value unity).

Option 2: (input both arrays)

SOURCX ~,NMQ]b x (or r) spatial distribution for each
moment.

SOURCY [~,NMQ] y (or z, or theta) spatial distribution for
each moment.
(Spectrum is assumed to be flat with value
unity)

Option 3: (input all three arrays)

SOURCE ~GROUP; NM~ Source spectrum.

SOURCX ~,NMQ] x (or r) spatial distribution for each
moment.

SOURCY [~NMQ] y (or z, or theta) spatial distribution for
each moment.

Option 4:

SOURCF fl~JT*NGROUP*NMQl Spatial distribution for each row, group,
and moment.

Option 5: (input both arrays)

SOURCE ~GROUP; NMQ] Source spectrum.

SOURCF [~, JT*NMQ] Spatial distribution for each row and
moment.

a. NMQ is not an input value but is computed from the number of strings read. NMQ must correspond
exactly to the number of moments in a Pn expansion of the source. The number of moments is
(n+l )(n+2)/2. n must be less than or equal to ISCT. See page 12-24 for more details.
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b. Only in option 4 is the complete pointwise source array, SOURCF(iJ,g,m), given. In all other cases, it
must be formed from the lower dimension arrays that are input. That calculation is done by forming
the product of those arrays. Thus, in option 3, where the source spectrum, SOURCE(g,m), and the
spatial distributions SOURCX(i,m), SOURCY(j,m), are given (for moment m), the full source at
mesh point (iJ) in group g for moment m is calculated as follows:

SOURCF(ij,g,m) = SOURCE(g,m)*SOURCX(i,m)*SOURCY(j,m)
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●
Boundary Source Input

{Optional}

—

Name Comments

----- For a text-input source, choose one of the following options:

Option 1: Isotropic Boundary Source.

SKLEIW ~GROUP;JT] Isotropic source on the left side.
(Spectrum at each y mesh interval) (or z)
(or theta).

WRITE ~GROUP;JT] Isotropic source on the right side.

SIBOTT [NGROUP;IT] Isotropic source on the bottom side.

SITOP ~GROUP;IT] Isotropic source on the top side.

Option 2: Full Angular Boundary Source.a

SALEFI’ m*2;bNGROUP*JT] Angular flux on the left for each angle,
group, and y (or z) (or theta) mesh
interval.

SARITE [MM*2;NGROUP*JT] Angular fluxes on the right side.

sABom [MM*2;NGROUP*IT] Angular fluxes on the bottom side.

SATOP W*2;NGROUP*IT] Angular fluxes on the top side.

Option 3: Boundary Source From Vectors.a c d

BSLFI’G ~GROUP] Spectrum on left side.
BSLITY [JT] Spatial distribution on left side.
BSLFI’A W*2] Angular distribution on left side.

BSRITG ~GROUP] Spectrum on right side.
BSRITY [JT] Spatial distribution on right side.
BSRITA [MM*2] Angular distribution on right side.

BSBOTG ~GROUP] Spectrum on bottom side.
BSBOTY ~T] Spatial distribution on bottom side.
BSBOTA NM*2] Angular distribution on bottom side.

BSTOPG ~GROUP] Spectrum on top side.
BSTOPY UT] Spatial distribution on top side.
BSTOPA @IM*2] Angular distribution on top side.

a. The order of the angles is identical to that used in the Sn Constants table in the output file. The order
of the angular quadrants is: mu<O, etacO; muM, etaeO; mueO, e~O; and mu>O, eta>O, where each
angular boundary source requires two quadrants for specification.

b. See “Quadrature Details” on page 3-54 for value of MM.
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c. The full angular source is constructed from a product of the vectors. For example, the source in angle
m on the left side of mesh row j for group g is (the source construction on the other faces is analo-
gous):

S(m,gJ) = BS~G(g)*BSLITY~)*BSLIWA(m)

d. Any vector not entered explicitly is defaulted to unity.

First Collision Source Input
{Optional}

Name Comments

FCSRC

FCNW4Y

FCNTR

FCWCO

Use First Collision Source Option. Enter one of the following words:

Word

ANAa

IL@’

NO

Number

Description

Use analytic first collision source.12 Cylindrical (r,z)
geometry only.

Use the ray tracing first collision source, (x,y) or (r,z)
geometry only.
(or omit entry) - don’t use

of ray tracings/batch to use with ray tracing ikst collision
source. (default = 100-W).

Number of batches (trials) to use with ray tracing first collision source.
If FCNTR is negative, read the restart file UCFLUX, and perform
IFCNTRI additional batches of ray traces (default= 25).

Weight cutoff for the ray tracing first collision source. When a rav has
bee; traced a sufficien~ distan~e to attenuate its weight to less-than
wtmin * FCWCO, where wtmin is the minimum source starting
weight, then that ray is terminated. Default entry is 0.0, which
corresponds to a FCWCO value of EPSI**2.

a. If FCSRC= ANA, the location of the point source on the z-axis is set by using the SOURCY [JT] input
vector. The point source is located at the lower left hartd comer of the (1Js) mesh cell, where js is the j-
index of the source cell. For example, if the point source is to be located along the z-axis at a distance
defined by the lower edge of the j=-15 fine m~sh cell, one would enter: -

SOURCY= 14R0 1 IT)

to locate the point source for the calculation. The energy spectrum of the source is entered via
SOURCE input vector ~GROUP entries]. The SOURCX input vector is not used for this option.

the

b. The ray tracing first collision source maybe used with any of the volumetric or boundary source input
options.
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Monte Carlo Option Controlsa
{Optional}

Name Comments

MCOPT Controls the use of the Monte Carlo/Sn option. A value
{required} of 1 turns on the MC/Sri option, while O results in a

standard Sn calculation. 0/1 = no/yes. The MC/Sri option
is only valid for x-y and r-z geometries and
inhomogeneous source (IEVT=o) calculations.
(default=O).

MCREG ~GROUP] A value of 1 denotes energy groups in which the MC/Sri
method is to be used, while O identifies groups in which
only Sn is to be used. (default=fl).

MCIBND [2] Imcates the left and right cells of the designated Monte
Carlo region, where the numerical values represent an Sn
fine mesh cell. A value of zero automatically sets the
boundary to the leftmost or rightmost cell, respectively.
(default=O O). Only a single, rectangular Monte Carlo
region is allowed.

MCJBND [2] Locates the bottom and top cells of the designated Monte
Carlo region as described above. (default=O O).

MCBLT Thickness of the Monte Carlo boundary layer in terms of
mean free paths. Only a single value for the mean free
path is used along each face of the Monte Carlo region.
The calculated group-dependent Monte Carlo region
boundaries are listed in the Monte Carlo Setup
Information in the output. (defauk=l .0).

MCITS The maximum number of super-outer iterations allowed
on the common boundary fluxes/sources between the
Monte Carlo and S, regions. (default=8).

MCNHIS The approximate number of histories per trial to be used
in sampling the Monte Carlo source. (default= lOOOO).

MCNTR The number of trials (batches) to be used in sampling the
Monte Carlo source. (default=25).

MCISEED Resets the initial random seed. (default=o).

MCIPRNT Print level option for the Monte Carlo output. Allowable
values are 0/1/2. (default=O). The larger values print out
increasingly more detailed information about the S@C
interface fluxes and sources.

a. On page 12-40 of the methods chapter will be found a discussion of the S$MC hybrid method
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Monte Carlo Biasing Input
{Optionala}

Name Comments

MCSB Biasing parameter for distributed source. Biases
angular distribution of source according to
q(u)=C*exp(MCSB *u), where u is the direction
cosine along the y (or z) axis.

MCWC [2] Weight cutoff parameters WI and w2. When the
weight of a particle in proportion to its source weight
(w/ws) becomes smaller than w2, Russian roulette is
played, with a probability of survival w/ws * l/wl. If
the particle survives, it is assigned weight w 1 * WS.
W2 must be less than or equal to w 1.

MCCMIMP [IM;JM] A-ray of coarse mesh cell importances for splitting/
Russian roulette. When crossing into cell j from cell
i, a particle is assigned the relative importance &j =
rj/ri. Then, with probability &j - ht ~j, Int Rij + 1
pigticles are created; otherwise, Int ~j are created.
The weight of all split particles is w/Rij. A cell
importance of zero eliminates all particles originating
in or entering that coarse mesh.

MCEGIMP ~GROUP] Array of energy group importances for splitting/
Russian roulette. Splitting/Russian roulette works as
described above for coarse mesh cell importances.

MCLVIMP ~SN/2] Level biasing parameters. A value of Oeliminates the
sampling of boundary fluxes within that quadrature
level along the Sri/MC interface, while 1 allows
normal sampling. See page 12-46 in the section on
TWODANT methods for more details.

—
a, MCOPT must equal one in order to turn on the MCJSn option and allow use of these options.
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Monte Carlo Source Input
{Optionala}

Name Comments

MCPTSRC [1/2] Gives coordinates (in Sn dimensions) for a point source
(x-y geometry) or ring source (r-z geometry). If there is
only one entry, then it represents the boundary location
for a point beam source (use in conjunction with
MCBSLA, MCBSW, MCBSBA, or MCBSTA). If
there are two entries, the first entry is the x (or r)
coordinate, the second entry is the y (or z) coordinate,
and the angular distribution is assumed to be isotropic.

MCBSLA [2] Gives polar angle and azimuthal angle for a left boundary
beam source. The polar angle is measured from the +y
axis and the azimuthal angle from the +x axis. Angles are
in radians so MCBSLA= 1.5708, 0.0, is normal to the left
surface. Use with MCPTSRC for a point beam source, or
an Sn boundary source for a distributed beam source.

MCBSRA [2] Gives polar angle and azimuthal angle for a right
boundary beam source. The polar angle is measured from
the +y axis and the azimuthal angle from the -x axis.
Angles are in radians so MCBSLA= 1.5708, 0.0, is
normal to the right surface. Use with MCPTSRC for a
point beam source, or an Sn boundary source for a
distributed beam source.

MCBSBA [2] Gives polar angle and azimuthal angle for a bottom
boundary beam source. The polar angle is measured from
the +y axis and the azimuthal angle from the +x axis.
Angles are in radians so MCBSLA= 0.0,0.0, is normal to
the bottom surface. Use with MCPTSRC for a point
beam source, or an Sn boundary source for a distributed
beam source.

MCBSTA [2] Gives polar angle and azimuthal angle for a top boundary
beam source. The polar angle is measured from the +y
axis and the azimuthal angle from the +x axis. Angles
are in radians so MCBSLA=3. 1416, 0.0, is normal to the
top surface. Use with MCPTSRC for a point beam
source, or an Sn boundary source for a distributed beam
source.

a. MCOPT must equal one in order to turn on the MC/Sri option and allow use of these options.
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The Monte Carlo/Sn option works with all volumetric and boundary source options

described on page 3-57 through page 3-60. In addition, the singular sources described
above may also be used with the Monte Carlo/Sn option.

Note that in order to provide storage for arrays required by the Monte Carlo/Sn option, a
volumetric source must always be entered, even if it is not used. Furthermore, the num-
ber of moments entered for the volumetric source must correspond to the value of ISCT
used in the problem.
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B1ock-VI Details: Edit Input*

Edit Spatial Specifications
{Requireda}

Name Comments

PTED Do edits by fine mesh. 0/. = no/yes.

ZNED Do edits by zone. 0/1 = no/yes. (i.e., edit zone, not
SOLVER zone. See EDZONE input below).

POINTS[ m*JT] Fine mesh point (or interval) numbers at which point edits
{optional} are desired. USED ONLY IF PTED=l. (Default= all

points).

EDZONE [~,JT] Edit zone number for each fine mesh interval. USED
{optional} ONLY IF ZNED=l. (default= SOL~R coarse mesh

interval numbers, see ZONES array, Block-II on page 3-
36).

a. Either PTED or ZNED or both must be unity in order to produce reaction rate edits.

* More details for the input for edits are given in chapter ‘RUNNING THE EDIT MODULE” starting on page
8-1.
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Reaction Rates from Cross Sectionsa
{Optionalb}

Name Comments

EDXS [=DT] Cross-section types to be used in forming reaction rates.
{required’}

May be entered by integer (denoting edit position of
desired cross-section type) or by the character name of the
cross-section type. See the table “Edit Cross-Section Types
by Position and Name” on page 3-67 or “MENDF Library
Edit Cross Sections” on page 3-74 for the available names.
NEDT is the total number of edit cross-section types
available from the input cross-section library. (default = all
shown in the table)
Note: The cross-section types specified in this array apply

to any or all of the following edit forms: RESDNT,
EDISOS, EDCONS, EDMATS.

RESDNT Do edits using the resident macroscopic cross section at
each point. 0/1 = no/yes.

EDISOS [SNISO] Character names of the isotopes to be used in forming
Isotopic reaction rates. The ordinal number may alternately
be used but is not recommended. (default= none).

EDCONS [~SO] Character names of the isotopes to be used in forming
resident Constituent (partial macroscopic) reaction rates.
The ordinal number may alternately be used but is not
recommended. (default = none).

EDMATS [SMT] Character names of materials to be used in forming
Material (macroscopic) reaction rates. The ordinal number
may alternately be used, but is not recommended. (default
= none).

Xl@ p] Fine mesh density factors for the x (or r) and y (or z) (or

YDF [JT]
theta) directions, respectively. The density factor is used to
multiply resident Constituent (see EDCONS), macroscopic
(see MACRO), and resident macroscopic (see RESDNT)
reaction rates only. (default= all values unity).

a. See chapter “RUNNING THE EDIT MODULE” starting on page 8-1 for further discussion.

b. But either something in this grouping or in the “Reaction Rates from User Response Functions”
grouping must be input in order to produce reaction rate edits.

c. You must also enter one or more of the arrays EDISOS, EDCONS, EDMATS, or RESDNT.

d. If density factors were used in SOLVER to modify the cross sections at each mesh interval, the same
density factors must be provided here in the XDF and/or YDF arrays as well. The density factor at
mesh interval (iJ) is computed as:

XDF(i)*YDF(j)
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●
Edit Cross-Section Types by Position and Name

CROSS-SECTION INPUT VIA ISOTXS
or GRUPXS

D!Pe
Chi

nu-fission

total

absorption

(n,p)

(n,d)

(n,t)

(n,alpha)

(n,2n)

(n,gamma)

fission

transport

EDIT
Position

1

2

3

4

5

6

7

8

9

10

11

12

Namea

CHI.....

NUSIGF..

TOTAL...

ABs .....

N-PROT..

N-DEUT..

N-TRIT..

N-ALPH..

N-2N ....

N-GAMM..

N-FISS..

TRNSPT..

====4
ZYE2
not used

nu-fission

total

absorption
lb

2

3

N=IHT-3

EDIT
Position

1

2

3

4

5

6

7

.

.

4+N

Name

CHI .....

NUSIGF..

TOTAL...

ABs .....

EDIT1...C

EDIT2...

EDIT3...

EDITN...

a. Names are eight characters. A period within a name in this table denotes a blank.

b. Denotes position in the cross-section table. All cross sections in positions 1 through IHT-3 in the
cross-section library are EDIT cross sections chosen by the user.

c. These are the default names that maybe overridden with the user-option names in the EDNAME array
of Block-III.
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Reaction Rates
{Optionala}

from User Response Functions

II Name Comments

RSFE [NGROUP;M] Response function energy distribution for each of the M
{required} different response functions desired. The number of

different response functions is arbitrary (but must be
fewer than 500). Data are entered as M strings, each with
NGROUP entries beginning with group 1.

RSFX ~,M]b Response function x (or r) distribution for M functions.

RSFY [J~M] Response function y (or z) (or theta) distribution for M
functions.

{optional} The above data are entered as M strings of IT or JT
entries beginning with mesh point 1. (default=l .0).

RSFNAM ~] Character names for the user-input response functions
specified above. (default = RSFP1, RSFP2,...RSFPM).

a. But either something in this grouping or in the “Reaction Rates from Cross Sections” grouping must
be input in order to produce reaction rate edits.

b. The M-th response function at space point (ij) and energy group g is computed as:

RSFX(i,m)*RSFY(j,m)*RSFE(g,m)
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Energy Group Collapse Specifications
{Optional}

Name Comments

lCOLL ~G] Edit energy group collapsing option:

Number of SOLVER energy groups in each EDIT broad group.
The NBG entries must sum to NGROUP.
(default = 1 energy group per EDIT broad group).

[GRPED Print option on energy groups. Enter one of the following
values:

Value Description

o Print energy group totals only

1 Print broad groups only

2 Print broad groups only (same as 1)

3 Print both broad groups and totals

TWODANT USER’S GUIDE Version 3.0 3-69



TWODANT INPUT DETAILS Block-VI Mtik: E(M Input

Reaction Rate Summing
{Optional}

Name Comments

MICSUM [C500 sums] Cross-section reaction rate summing specifications.

The MICSUM array is a packed array with data entered
as follows: A set of Isotope numbers or names is given,
followed by a set of cross-section type position
numbers or names (see “Edit Cross-Section Types by
Position and Name” on page 3-67). Each of these sets
are delimited with an entry of O (zero). Reaction rates
are calculated for each Isotope specified for each cross-
section type specified and summed to form the fist
sum. The next two sets of data are used to form the
second sum, etc. Up to 500 sums can be specified. (for
more detail, see “Response Function Summing
Options” on page 8-13).

IRSUMS [<500 sums] Response function reaction rate summing
specifications.

The IRSUMS array is input as follows: A set of
response function numbers or names is entered and the
set delimited with an entry of O (zero). Reaction rates
are calculated using these response functions, and the
rates are summed to form the fist sum. The next set of
data is used to form the second sum, etc. Up to 500
sums can be specified. See page 8-13 for more detail.

Mass Inventories
{Optional}

Name Comments

MASSED Calculate and print mass inventones by zone. 0/1/2/3 = none/
solver zones/edit zones/both (default= l). This option is active
only if atomic weights are present. See Am on page 3-49.
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Power Normalization
{Optional}

Name Comments

POWER Normalize to POWER megawatts.a
{required}

All printed reaction rates and the fluxes on files RTFLUX and
RZFLUX (if requested) will be normalized. Fluxes are normally
not printed here in the EDIT module, although they may be
extracted by using a unit response function. Any such fluxes will
also be normalized to POWER.

Contrast the normalization on these printed fluxes to those printed
by the FLUXP input in the SOLVER Block (see NORM on page 3-
53).

MEVPER MeV released per fission (default=210 MeV). This value will be
{required} used along with the calculated fission rate to determine the power.

For the power calculation, TWODANT needs to know which
cross section is the fission cross section. It uses the one from the
library that has the name N-FESS. If one uses an ISOTXS or
GRUPXS library that designation is automatically provided (See
“Edit Cross-Section ~pes by Position and Name” on page 3-67).
But if one uses an ASCII text library, either ODNINP or XSLIB,
then the name N-FISS must be entered in the proper place in the
EDNAME array (page 3-41).

a. Note that this normalization is meaxtingless if you are using the results of an adjoint run.
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Miscellaneous Edit Items
{Optional}

Name Comments

RZFLUX Write the CCCC standard zones flux file RZFLUX or AZFLUX.
0/1 = no/yes.

RZMFLX Write the code-dependent zoneb flux moments file RZMFLX or
AZMFLUX.
0/1 = nolyes.

EDOUTl? ASCII output files control. Enter one of the following values:

Value Description

-3 Write both EDTOGX (without scalar fluxes) and
EDTOUT files.

-2 Write EDTOGX file (without scalar fluxes).

o Write neither file. (default)

1 Write EDTOUT file.

2 Write EDTOGX file (with scalar fluxes).

3 Write both EDTOGX (with scalar fluxes) and
EDTOUT files.

BYVOLP Printed point reaction rates will have been multiplied by the mesh
volume.
0/1 = no/yes.

AJEDd Regular (forward) edit/Adjoint edit. Regular edit uses the
RTFLUX scalar flux file; adjoint edit uses the ATFLUX flux file.
0/1 = regular/adjoint.

FLuxoNE Fluxoverride. 0/1 = no/yes.
Replaces all the input fluxes by unity. Useful for seeing the cross
sections used in cross-section edits. WARNING! Meaningful
reaction rates cannot be obtained when this switch is on.

a. RZFLUX and AXFLUX are organized by solver zones.

b. RZMFLX and AZMFLX are organized by solver zones.

c. See “ASCU File Output Capabilities (the EDOUTF Parameter)” on page 8-15.

d. See “Adjoint Edits” on page 8-15.
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Special Plot Linkage
{Optional}

II Name Comments II

PRPL~D Write an ASCII file of the pointwise reaction rates to link to the
TECPLOT” plotting package available commercially for a
SUN workstation.

O/lL2\3 = print only/nothing/tecplot file/both print and tecplot
file.

To exercise this option, the user must have set PTED=l. The code will calculate reaction
rates at all the fine mesh intervals and any POINTS input will be ignored.

To link to the TECPLOT@ code, the user chooses option 2 or 3. Separate ASCII files
called rsp.dat and med.dat will be written for the response function and material edits,
respectively. These files are in input form for the TECPLOT” preprocessor.

If option O (print only) is chosen, no TECPLO~ files will be written but the reaction
rates will be printed. The format of this printout is organized in a two-dimensional way
unlike the normal printout from the EDIT module.
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MENDF Library Edit Cross Sections

Reaction Type Name Description

x cm fission spectrum

Vof NUSIGF effective nu-sigma-fission

q TOTAL Total cross section

Oa ABs absorption

(n,n) MEND1 elastic scattering

(n,n’) MEND2 inelastic scattering

(n,2n) MEND3 n,2n scattering

(n,3n) MEND4 n,3n scattering

(n,y) MEND5 gamma production

(nja) MEND6 alpha production

(n,p) MEND7 proton production

(n,~ MEND8 direct fission

(n,n’)f MEND9 second-chance fission

(n,2n)f MENDlo third-chance fission

(n,F) N-FISS [(n,F) = (n,f) + (n,n’)f + (n,2n)fj

Xp MEND12 prompt fission spectrum
(only for fissionable materials)

M MEND13 total fission spectrum
(only for fissionable materials)

— -
a. Oa for group g is defined as 6= = at–~og+g,

g’

When using the Los Alamos MENDF5 cross-section library with the codes, there are
numerous edit cross sections available for use in the Edit Module. Since these come
from the MENDF fde, they are called upon with special character names in the Edit
Module as part of the EDXS input.

These names are defined in the table above.
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APPENDIX A: SAMPLE INPUT

Sample Problem 1: Standard k.. Calculation

Sample problem 1 is a two group calculation of the k-eigenvalue for an R-Z model of a
sodium cooled fast reactor. The geometric model contains two zones: a cylindrical core
surrounded by a reflector zone. The core consists of mixed plutonium-uranium oxide
fuel in steel pins cooled by liquid sodium. The reflector consists of steel pins cooled with
liquid sodium. Both of these zones are homogenized in our model. We desire a calcula-
tion using only P. scattering from a multigroup cross-section set with two groups.

We also ask for some reaction rates to be calculated from the fluxes produced by the
eigenvalue calculation.

Sample Problem 1: Output Description

Selected items in the output listing are described here. We focus on items particular to a
two dimensional calculation. For a more thorough description of output items common
to both one and two dimensional calculations, the reader is referred to Appendix A in the
chapter “ONEDANT USER’S GUIDE”.

The first item provided in the output is a listing of the input lines. This is shown on page
3-79. After the Block-I input describing the problem as a whole and the Block-II input
describing the spatial meshing and zone assignments by coarse mesh, we describe the
cross-section library in Block-III. P. cross sections for each isotope are entered in the

input stream after Block-III. These isotopes are subsequently mixed in Block-IV to form
the materials STEEL, FUEL, and SODIUM. These materials are then assigned with
appropriate volume fractions to the CORE and REFLECTOR zones which correspond
to the numbers 1 and 2 in the ZONES array of Block-II. In Block-V we specify that this
is a k-eigenvalue calculation (ievt=l ) with vacuum boundary conditions on the right,
bottom and top boundaries (note: for R-Z the left boundary condition, IBL, is set to 1 by
the code, meaning reflection, and the defaults for the rest are vacuum). The boundary
conditions are verified in the output on page 3-83 and page 3-85. The fission source is
normalized to 1.0. We are asking to print the scalar flux, the fission distribution, and the
macroscopic cross sections.

In the edit input (Block-VI), the code is asked to calculate reaction rate totals for each
edit zone. The reaction rates desired are the default ones for cross sections, that is, CHI,
NUSIGF, TOTAL, ABS, and EDIT1 for the resident material, as well as rates using the
supplied response functions. EDIT1 is the default name for the fist position in the cross-
section library. Note the use of comments (using the slash, /) to organize and describe
the input. The edit output is self explanatory and is listed starting on page 3-94.

As far as the rest of the output shown, most of the items are also self explanatory and
give the same information as a ONEDANT problem except for the two-dimensional dif-
ferences. However, we would like to focus a little more attention on two items that serve
as diagnostics and goodness of solution verification for the problem run: the iteration
monitor and the balance table.

TWODANT USER’S GUIDE Version 3.0 3-77



APPENDIX A. SAMPLE INPUT Sample problem 1: Output Dcscnption

In considering the iteration monitor (page 3-88), we recall that for eigenvalue problems
we do source iteration for the inner or within-group scattering source and outer itera-
tions for the fission source. We also recall that the default (and recommended) strategy
to solve these problems is to do one inner iteration per group until the fission source has
sufficiently converged, and then to fully converge the inner iterations on the flux. This is
reflected in the monitor which is arranged in rows for each outer. The inner convergence
is not shown until the fission source has converged to near the input convergence crite-
rion. The first outer, designated outer 1, is a pure diffusion calculation; the rest include
the transport sweeps with DSA acceleration. Each column of the monitor gives respec-
tively, the current CPU time, the transport outer counter, the number of transport inners
for this outer (usually equal to the number of groups until the source is converged), the
number of multigroup DSA iterations (sub-outers), the eigenvalue estimate at this outer,
the precision of the eigenvalue (change from the previous transport outer), the maximum
pointwise flux change (not important until the source has converged), the maximum
pointwise fission distribution error, and information on the status of the inners. Note that
at outer 3 the source has sufficiently converged where now the imer iterations on the
groupwise scalar flux can be carried to completion. Thus, it is seen that upon completion
of outer iteration 4, the whole problem has been converged. From the first column, we
see that this was done in 0.26 CPU seconds on the Cray YMP.

The next item is the balance table which gives quantities from the transport equation
integrated over the entire spatial domain of the problem for each group and the sum of
the groups. This particle balance is a measure of the integral goodness of the solution
and is equal to 1.O-sources/losses. Thus, the extraneous source, the fission source, and
the inscatter are the source ingredients. The outscatter, net leakage, and absorption are
the losses. The table for this problem shows that balance is achieved to better than 1 part
in 107for each group and better than 1 part in 109 for the total or group summed balance.
Another thing to notice in the group total row is the balance between inscatter and out-
scatter. This indicates how well the cross-section set is balanced in the scattering matrix
since these two quantities should be the same in the absence of any (n,2n) or (n,3n) reac-
tions. Treatment of the (n,2n) and (n,3n) reactions varies with the cross-section proces-
sor, but it is common practice to include the (n,2n) and (n,3n) cross sections in the
absorption and total cross sections, thus getting the loss reaction rate correctly and then
to include twice the (n,2n) cross section and thrice the (n,3n) cross section in the inscat-
tering cross sections, thus getting the scattering source in the group correctly. In this
case, the total inscatter should exceed the total outscatter by the amount of production
due to the (n,2n) and (n,3n) reactions. The nprod spectrum gives the number of fission
neutrons produced in each group and is useful for determining whether fissions are
being produced in the thermal or fast range, for example.
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Sample Problem 1: Output Listing
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12.000

lm&-

3.3.000

SEcLiaE
1.600

1.500

1.7111
4.490

ticIE
2.I.W
4.980

BeztAn9
2.000

Z.cmo

3.cmo
32.500

●

●

●

☛

●

●

●

●

●

☛

☛

☛

●

☛

●

●

☛

●

☛

☛

●

●

☛

●

●

●

☛

●

☛

●

●

●

●

☛

☛

●

☛

●

●

0.000016/1 ●

0.390o16/2 *

0.020r023/1 :
0.398m23/2 ●

*
0.000@/l ●

0.392fe/2 ●

●

O.cmocm ●

0.287alz *
*

0.030ni/1 *
0.320ni/2 *

O.cm @39/1 :
0.850Ix239/2●

*
O.CCXI!i238/1●

1.3CX2u238/2 *
.

60. / irllcsalEITcs(&f) fclnmtf~ ) ●***
&l. /

●

62. I
*
*.—~. j****~i~(m)** ** ●

mt.k steel,fe .05,cc .016, ni 0.01;
E:

*
M w-239” .0103, w-238” .0103 b16n .0432; *

66. dun “na-23”.025 *
67. ==.@= - M .35,sxii.un.4.~ .25; ●

68. Ke5cc Scdiun.7,SteA .3 t *
69. /
70. /
71. /’~1tkrJ2JdhE&** ● *
72.
73.
74. %%?6,0.4%10.= ‘i’
75. /
76. /

/*~3kkvi [edits)** ● *
%: rEsht=l# t/*** znx3cdit far~ 1

*
*
●

●

●

☛

☛

☛

☛

●

✎

● ☛☛☛☛☛ ☛☛☛☛M**** ***** *w*** ***ti********-* -*****************e********
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******************************* ******************** *******w** ***** ***** ***** ***** w**** ****** ****h **&4* *&**4***,4** b*k***m
n**** ***** ***** ***** ***ti****, ***** **ti*********** ***** ***ti********** ***** **,ti********** *****, ***m*********,************,*
●

*
●

Cass title

tic******** ***** ***** ***** ***** ***** ***** ti************* ***** ***** ***** **, w**** ***** **ti****** ***** *,*** ******M********,***
●***********************
WqfstaKtmmi Ip.lt ●
***********************
*
*

2 M rl.n&rOf title cxud!it0f03kw

*
orKttyo/lm

z
a_qxEss ctFlimtemdnalcU@t

ornlkto/lm
●

WW-==**

● ********************************************ti****************************
● *
●

●

* ; =&ktE%ix?-$AP%&%?&rs3 of oatd-~ ;
●

● **************H*******************,***********************************
●*****M****************
●kq6rx! hkxki~
●** ********************
***********************ti****************************************** ************************ti**4*m#b********************e

***********************************************ti********************************************sum************************
************************************************H****M***********,************************h******************************H
●

* ...hkcki -
.

cxmmlllarxi~ ..

**************************,*********************** **************ti**********H*********●*************************************
*
●

☛

●

☛

●

☛

●

☛

●

☛

●

●

☛

●

☛

●

☛

☛

●

1
2
4
7
3

:
2:

30

*
hrim
nt
-in
it

. ... .~ (at-rwmm?=dimsm) . . .

6f7/9LU X+P2/t&i’@137fPtkh
-oferl?zgy~

=o%%a%-~- pm iE$Y=.s, S7nPs, = mzds)
rul&?r Of LxmraEmmcenals
rultx?r of --
rul&r Of —
ruT&s of fimXtE%-tixetvals
I-ln&cof —rmshyiGtetwL1
nllb2r0ffimnEshy~

...~...

Ilmdnm 14m
— 4WX3

****************************************,***** ********** ******************************+**** *******s** *********************w
●*****************************
*cd hlcdciixed-yd
*****************************
●

☛ 7 i- l/213/6/7/W3/U/14
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*************************
●kfyErd Mcx.jciiired-xs*
●*************************

**w** ***** ***** *****, ***** ***** **-** *w*** ***,* **, ***** **ti-********** ***,**,*****************-*******-*
***** ****ti********* ***ti***-****** ***** ***** ***** ***** ***** ***** ***** ***** *,,ti*********M* ********************
●

●

. . ..hl.cxk iii-- &lEs!im3.ika2y...
********** ***** *************** ***** ***** ***** ***** ********** ************************-*w******************
*
●

☛

☛

●

☛

●

☛

☛

●

☛

●

●

☛

☛

☛

☛

●

☛

☛

●

●

☛

●

☛

☛

☛

●

●

☛

●

☛

☛

☛

●

●

●

☛

●

●

m C+li
— —.—

1 o.cmcm+oo

. ..libpLy -...

. ..caIdlih-ay p3nmte15 (a-rwnime =c=lras. )...

nExilNnl--t0hm in~acssscctias
*p3itmin ams9.33iqlt..aiLe
pxlt.Kn Ofktal. cm5s6sst.lm
pxitim of self9mtter cress~
-1/O/l./2- &f [4e18.O)/& f/fixd Ei&/f%e fid 3ikazy

M ~ %G ?%%?--Rss%--.%ai-a X.+1 I%ctar
O/1-m/yes smelnnqx31.ib file (fi~
o/l- fwa*Q&fid*(d&.l~)

. ..L3mqfstm5am2...
mtn.ni ~blx! CJxu@ &i Vel lmerkxd

——
0. OoOcmao o. omooE+02 0.000omioo 2 o.com3Ex2cl o.oocmEtco o.000ocE+&l

5 editl 1
*W** W*****************
●keyst.arLtilih red *
************M**********
●

☛

☛
✎..h33dsr G3rd9fmn th2caxd3ikaty...

●

* i9&xg=~_
● —— —
* 1. c-16
● 2. na-23 s

: =-g;] .smple2m hi3x-sect.@s

●

*
3. fe fl-~
4. a ::/ E?EgEE~

●
Fo:d&n&m(cr

5. ni
●

*
6. w-239 ~ - *239) me2~lmftrcm3s_
7. u-238 PI - tmniun

●******************W***
(u-238) me 2 gm.p Imt3x_ sfctuns

*k.eyd Ca?xllib.?red ●
●***,**,*********************
●**********************-W*
*kEYerd hkck iv ti-mts*
****-*****************
●

●

*
********** **************** ***** ***** *titi********** ***** ***-* ***** ***** ****ti*****-*** w**** ***** ******ti
**M* Mti************ ****ti**w**-*** ***** ***** **** -**** **,** ***** ***** ***** ***** .***, *******-w*****
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************************* ********,*******ti**************ti******** ***** ****************************,*****************,b**,**
***** ***** 4**** ***** ***** ***** ***** ***** *w*** *H*** ***** ****** ****** ***** ***** ***** ***** ****n *****w***********************
*
● ““”’’’-?~”””●********************W************************ ***** ***** ***** ***** ***** ***** ***** ***** ti*****4***e*** *************.******
*
● nd.xcmp
● —. .—

&rEity an-p
-— —

&nsity ax.
. .

●

● mus
● ——
●

●

●

5.comcE02, cc
;: %s?

1.6ocnwo2, d 1.ocKms-02,
S-:9 1.0WOCEW2, u-238

● 3. Scdim
1.0W30E-@, c-16

2.5mxE-02,
4.UoocEa,

*
* ==km
● —--
●

* M
● ;: %7& 9dim
●***********************

3.5mcm41, 9xiiU9
7.ocnxEiol,SltE121

4.mccm-ol, StQ2.1 2.501YX12-01,
3.crm3E-ol,

%cystartmi%md. *
●** ●**,***************
● **M*******************
●klyed nIix53r.d I.s*
●** ********************
************************************************m* ***** ***** ***** ***** ***** ***** ****** ***** ****n ***** ***ti******* ***4******
● ****************************
%syfirxi hlcdcvesilti
● ******k**********************
● ☛☛☛☛☛☛☛☛☛☛☛☛☛☞☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛

*rmi bldcvi Ir!d—Oa.~*
●*****ti*****M******* **,*****
● ***********************
tied iqxtntxh.le*
***,*****************
●
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*ti**w********* ***** ***** ***** **ti*******w*** ***w* ***** ***** *-**** **,** ***** -**** ***** *,*** ***** ***** *****ti

~~~mmWJW94 withsu.Iv=wKE&xI
●6q21eprchkm br@?mtuser’sgi&

10-3-3-9——— A- 2.5 mdimd

*stam?adkmhhtxn, allwiyrn?lm30f car&inEg?s
*
***** ***** *******************,***** ***,****** *************** *,************* ***** *******ti******w**** ***w*******
●

*
●

. ..hlcdc v-- fmlwriqut...

***********************m* ***** ***** ***** ***** ***** ***** ***** ti************* ****** **ti*,********* **************,**
*
*
●

☛

●

●

●

☛

●

☛

☛

●

☛

☛

●

●

☛

●

●

☛

☛

●

●

●

●

●

☛

●

●

●

●

●

●

●

●

☛

☛

☛

●

●

☛

●

●

●

●

●

m
iqlit Clsk.ltd—————

1 1 iet

0 0 isct
0 0 ith
0 1 ihl

O.oop.oo 1.oqE-04 .@
i-ml

o 30 iitnl

o 20 oihn
o 0 itl.im

. ..l-E@tEd imJt(arzay rEm=si.in) ...

(&failt=dixEd)

. ..~P==@=m..

o m@7fset~ EcuIce CdclJlaiicl-1 (0/1dyEs)
o as.kftwcitein-&-~- Ixmxhry flu tn fileadfl.m (0/im/yEs)
o ast-ite@ce mt-qirg ar@ar Ixaxdxy fluxto gil.earbflux(O(ix@@
o
0 s%, z: =~%&L.

%
“m “ - -m ‘0’3‘*)m.rKtOf13.eadmUx(/]m/ys6)

o iufca - &m (0/1/2Im/arBlyl&ray tmcirg)

M**** ***** ***** ***** ***** ***** ***** ***** **** -**** **w** ******************************-*****-**w******
***** ***** **** -*ti*********** ***** ***,* ***** ***,, ***ti****w***** ***** ***** ***** ***** ti******-********

***** ***** **** -**** ***** ***** **,** ***** ***** ***** ***** ************************************************
M**** ***** ***** ***** ***** ***** ***** ***** ****ti**-ti**** ***** ***** ***** ***** ***-* -*ti****-*titi* *****
●

* . ..mv--mlvcrirp.ic (aztin,@ ...
*
ti*********************** ***** -**ti********** *w*** ***** ****************-*-***-**********************
*
*
●

☛

●

☛

☛

●

☛

●

☛

●

●

☛

☛

☛

☛

●

☛

☛

●

●

☛

☛

●

☛

●

☛

●

☛

●

☛

☛

●

●

☛

●

☛

☛

☛

●

●

. ..~mQ--(-a’m =mifd . . .

O.oom+oo 0.000E+OOH@ bddig M.@
1.COLE+OO1.000E+OOrxmn mnmlx?a& fcctm

0
0

10COO
25
1

inau% 0/1Kv’yeS- * * ax bhfi**y&tlaux ti adjoint)
iImrso/l m&Es —read*EUJY.re
fauaymbero fqskrkllfmfcsmrt C@im
fmtr~of t.malsfm-fcitm *c@ml
m -~;-_D&8— CIfcp?dmtlmmlstmts (&En21e3.)

-2&ix-idpmi.rta( ~ ~)
101dm3xan hlilt-tiset
2 pmict set (mxzaqukr amaw5ammt)
3mIdiI@c

...- =-kmL3[a2=&’rEnE=sokad . . .

1 m mn rm.+kdxcmc
2 m 0/1/2

‘/a31mlEnt.s-

0 ~ o~,2,3
1 Eissrp0/1

-@.nterQUlarflw-Es

—IEshhlarres

. ..p--FtsO inferred fmn * am-qfs.. .
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●

☛

☛

☛

●

☛

●

●

☛

☛☛☛☛☛**4*, ***** ***** ***** ***** ***** ***** **,** ***** ***** ***** *****, ***** ****, ***** ***** ***** ***** ***** ***.* ***** ***** *,**, *h,*
***** ***** ****. **w** ***** ***** ***** ***** ***** ***** ***** ***** ***** **w** ti************ ***** ****ti******4** *************,******

********** **k******* ***k****** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***ti******* ***********
***** ***** ***** ***** ***** ***** ti************* ***** ***** ***** ***** ***** ***** ***** ***** ***** **M**** **A******ti*********** *******
*
●

☛

●

☛

●

☛

☛

☛

☛

●

●

●

☛

●

☛

✎

RJEf&
3nt
2m
2im
3jm
251t
30 jt

...~k~~i...

6fllll XT/?.__Z/Ptkb
Iult Rof’mergy

rM’b=nf -
rurkrnf —
Iul&r Of —
I’i.n&rnftira+lx
rlm’&r OEFim IIE&ly intEnds

*********************h******** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ****************************,****************
*4******** ***** ***w* ***** ****ti********* ***** ***** ***** ***** ***** ***** ***** ****, ***** ****w ***** ***** ***** *ti*****,, *****
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****ti********* ****************ti************ *****,***********-*** ***** ti***,********* **********************
***** ********ti*************** ***** ***ti****-**-** ***** ***,********ti*********-* ***,*******-********
●

●

● . ..m&rial ~ to -...
*
●

****w**w****,******,*******
*kcy6t.?.rt n-at.lsm - ●*********************,******
●

● .?mle-sa2tial .m-m*tit&zcm 0f(mtlcKX3.9 S=LialI’[ co+cl%lrd)
●

☛

●

☛

☛

●

☛

☛

●

●

☛

●

☛

☛

●☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛

*keystart Start!gsnq> *
●*********************

ti%tio.OOOomo

lcnre Z.fu?.l 3.50200CE-01
; laze ;* 4.omCCmol
3 lcrlre 2.5CX20COE-01
4 2r-ellec 3Sxfim 7.0020COIH1
5 2rellES lst.eel 3.omo@!+l

● tctalsnn m?J.i.@ ~(thisptTyxn
● n8xim.mmnawdahl —
* &nl IEqxEdfclrtrm5pxt
* -~tititi
●

●

● lanst01a@2LUm-aly...
*

10997
400CQ
9464
10978

c1

o. Owxowco
o.owmE+cnl
o.000~
o.000@Y3E+co
o.m~

1.2689
10169
9363

12689h lm m@?.?d 1-
*
*2em ElUx
*
******************
+kEystartslCSmblts*
●*******************
*
•s4~br~lm2
● ml
. e

* o.3o163s7eE+Lxl0.90444905EW0 0.83333333E-01
● ; o.904~ 0.3016W76E+W 0.83333333EX11
● 3 0.30163678EI120O.30163878E+U00.~333333E-01
●*******eta*********************-***********= ~**** *****n***************,n,*********M***nw****
●*********-*********
*lq5t.?.rt2a-E511Ep ●

●*********-****,***
z -E/

mm
CcOmemshc miginatlm.erkft.

misrn.nteroffim p?r-KEs?l.
75.00L?O—

35;2Z2;

60.CK131>***:****;
*

220; 1*2;

15.000o >**:****:

15;2Z2;
r*v

0.0000 —
r

o&J%lo&

& 12
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***4* +**** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***ti********** ***** ***** **k** ***** ***** ***** *k b**,
***** ***** ***** ***** ***** ***** ***** ***** ****** ***** ***** ***** ***** ***** ***** *n*** ***** *n*** ***** ***** ***** k**** ****h*****
●

● . ..-sEdd91rd.3.kd &k?i Emnfilem
●

U/15/21:ol:-h 1 ...

***************************************************************w***************************************************b*****
*
●

● lSKIM 26A 3 9cdiuIl
●

●

●

*******************************************************H******************* *******************************************h***&

***4* ***** ***** ***** ***** ***** ***** ***** ***** *H*** ***** ***** ***** ***** ***** ***** ***** ***** ***** *a**********b****, *4********
***** ***** **ti*********** ***** ***** ***** **, ***** ***** ***** ***** ***** *w*** ***** **, ***** ***** ***** **, ***** ***ti********&, **
*
* . ..-aEctims fot-~mkcslp mm...
●

****************k*** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** *4*** ***** ***** ***** ***h* ***** ***&* ti****a**k**kk
*
●

●*****************************

wstartm?c-s32tiuB*
●****************************
*
***** ti**********************ti************ **&*w****** group 1 ***** ***************n**************&****************
●

●
✎ ✎

✎✎✎ 1- ~“ ...
*
● Zar2 dli ~*~ t.ctal +.
● m. rare
● 6.OCCKE—M 2.584W—02
*

1.2U4E-M 8.9m9wm
: %Sec 7.wxEiol

●
O.QXOE+CO 8.3n5-02 4.5740!2-04

*
*
●

““t%K%?is%2%”””
● Xycyytgrp ctmssectims
*
*

9.0947EW2
2 0 1

*
6.8CCJOEM2

******************** ***ti***************************
●

g r 0 u p 2 ****************e***************-**~****fi********

●
✎ ✎

✎✎✎ 1-B35iu!s...
●

* Dx-e &i tct.al
*

~*~
m. rnm

* 4.CxxmxJl
●

1.7304E-02
i -~

2.7629E-01 1.1.145E-02

*
3.wx?z—ol o.ooCoE+m 1.85%E-01 4.235CE-04

●

●

●

. . .?%R%%2%-”““
* Zy2agsryg.p —sada?s
● 2.6n4E-ol
● 2

2.4203E-02
02 1.W28E—02

●
1.5M3E-02

*
ti***k******** ti************* ***** *,*** ***** ***** ***** ***** ***** ***** ***** ***** ****, ****************3***********************
***** ***** ***** ***** ***** ***** ***** ***** *,*** ***`* *****, ***, ***** ***** ***** ***** ti, ***, ***** ***** **, **, ***** **ti**********,*

3-86 TWODANT US~S GUIDE Version 3.0



APPENDIX A: SAMPLE INPUT Sample Problem 1: Output Listing

***** ********** **ti************ ********** ******-*** **********,**********************************,****************
*****, ****ti**, ********** ***** **********, ***** ***** ***** ***** **** M-*** ***** ***** ***** *-ti-****
●

* . .
. ..1 t0atJ3n ontKu15ad ailm-ia...

*
********** **** -**** w**ti********** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** **** H**** ********M****
●

*
● ●**i,-& &&*.
*
*
*
*
*
●

●

●

☛

●

●

●

* diffl.isim~
●

● aiteti.cn Val.w
●

-&totSt ect-icntakmifmlw~
———— — -- —- —

● aihni-sbu.ter kzatimcmmt
● - - diffusialIalk&l-1.o(s03rmte IAC,./j

tetmimte3Wbatecs
1.ooa4

* -5a3hlal@iaefisim 7
cbeszEnth?rsubasxr

l.cm-ckl* psrmbulter (9e2xztekd.0#
cke3FR3&rmb—Oxec

*

●

☛

●

oim -mteri~a
q23i - ~ --1.0

********** **** -**** ***** ******ti**********ti* ***** *******-***-***w********,*****************-*********
**-** **,** ***** ***** ***** ***** ***** ***** *,**, ***** ***** ***** *,*** ti*********-*** -**ti***w****** ******ti
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********** ****************************** ***** ***** ******ti************ ***** H**** ti******** ** M**** **k** *************k
***** ***** ***** ***ti******** k**** ***** ***** ***** ***** *k*** ***** ***** ***** ***** ***** ***** ***** ***** **k** ***** ***** *ti*h****
*
* . ..a.uxaxl~ anwmRreasmnitaEdtymdmt . . .*
********************************************* ****w ***** ***** ***** ***** ti**ti** ***** ***** ***** ***** **&** *M*** ***** ***** h***b
W**** ******-****************
Wetixtitezat.imn mimr*
●****************************
●.
●q3JtimclJter diffueial k-eff ti

; ‘~ :“y ——=
~ m-l %%%%% =--~

0.940W.30 6.5S422= 0.CW05W30
● 3:sl

1.3881mCx2 *%n-
;

● 3.97 3
o.9aco.ln64.mxlE42 4.57803?2-034.73.563!2+3●W*

2 2 0.980%516 2.E32@3E-043.79512E-025.66785Jz-04●W
●

● ���

●

● —-itemtirnsumnv tio.teritemtimm. 4—
●

☛ itertxrmxmncat*
*
●

☞

CJyQebm
3 0.9Q?-04 22, 7

2 3 0.4= 16, 6

*
:Cplthemer

be2)
=W- F- -

● ‘“ -T * 5W??%05 8.9.= %%%?% 74.07 4 6.
● $$$$s$e31 clxn~. Crit-eziamk..isfid $$$$$$
●

* ~ talaxa = -6.3973mU2 tCta3.-a3J. mtem= 10
●

***** ***********k*** ***** ***** ***** ***** ***** ***** ***** ***** k**ti********** ***** *ti****w******* ***** **k** *****************n

*****************k** ***** ***** **k** *k*** **ti******** ***** ***** ***** ***** ***** ****** H**** ti********* *** A*b*********************
***&* ***** ***** ***** ****ti****** ***** ***** ti**********ti* ***** ***** **&** ***** H**** H**** ****h* ***** &k*** 4**** Ark**************
●

●

●
. ..g?xwdit fita.kreslxul ~...

M**** ***** *********************************************** ●**** ***** *********************-******************4****** &**** ****h*
●

●

●

●

. ..titi-- smplepd230n &u b.n33rtuser’s* ...

*
●

☛
...-~~...(~ a)

*
●*k***************************
%qstart)nlaxe table ●

● ** **M**** *****k************
●

●

● CQ —
~~

in Smtter
*

self9axer a txnt.t.=

● O.cmwom+w
●

6.@XW130E~ -:.gmmo6&:
i o.CmwxEM2

1.4710377E+OO
4.axw130E+l .

3.ZU3535E-03

*
1.Z12375E43W1 5.ES43439E-14

● tct o.UwMlx@J l.omxmE+m 3.7518655E-01
●

1.6494794E+01 3.75M535E-01

●

*
● w* d- ~ rightlcE@e ~ leakaQe w-

*
*
●

1 1.1O’35814E-O1 7.0097627E-OE
2 4.4222574E4

7.33.56679E-02 7.31S6675YH22 2.3549898W22
-5.5391OQIXIE 2.0615S63E-03 2.WI.5163EH31 6.34C14CQ5W32

● tct 5.5278WMH21 -6.3973735E-1O 2.772Q8XG01 2.i730L!xE-ol 8.4953923=
●

●

*
* m leftla 3xt.tanlEeklqe rptd~
●

* 1 o.mOxoCwm 2.1549690G02
● 2 o.Cmwm+oo

3.3959352Lxn
6.3404CUWM2 6.804064@E03.

●

* w 0.WUX3UM0 8.495389ExH32 l.oCmCmwm
●

● -~ ~ - Ix%..t9AcEp= 0.16 -t&a. o.139ad ~ O.m ~.
*
●

1.M25647E-03
3.3295966Ea

4.472363ZH1

4.30997W-02
1.26E3WW01

******m*** ***** **ti*********** ***** ***** ***** ***** ***** ***** ***** ***ti********** ***** ***** ***** ***** ***. ****n************
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APPENDIX A SAMPLE INPUT Sample problem 1: Output Iisting

***** ***** ***** ***** ***** *-*** ***** ***** *******w** ********ti**************************w**-*********
***** ti*************************************************w**** ***** *,**, *******************************-w**
●

● fl~=T=+==~- 1*
*********************************M**ti****--**** **w*ti********* *********************-*******`******w***
● ☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛

*k&ystartf3!Jes*
*****************

*
*
*
●

●

●

●

●

☛

☛

●

☛

●

☛

●

●

☛

☛

☛

☛

☛

●

☛

●

●

☛

☛

●

●

☛

☛

☛

●

●

☛

☛

●

●

☛

●

☛

☛

☛

●

☛

☛

●

☛

●

●

●

☛

●

☛

☛

●

☛

☛

●

☛

●

●

☛

☛

●

☛

☛

☛

☛

☛

☛

●

☛

☛

●

☛

●

●

●

●

●

●

☛

●

☛

☛

☛

●

●

●

☛

●

●

☛

☛

●

rnHh 1

30 1.595029!Z-05
29 2.31113m+5
28 3.3.86912E-05
27 4.404188E-05
26 6.178798E05
25 8.45631.5E-05
24 1.0698932-04
23 1.2584382-04
22 1.4M799E-04
21 1.5547WE-04
20 1.668036E04
19 1.759303E04
18 1.828347E-04
1-) 1.6-74937E-04
16 1.898730E04
Vi 1.898730E04
14 1.874937E-04
3.3 1.828347E04
U 1.759303E-04
u 1.668035E04
10 1.554779E04
9 1.41879Ew04
8 1.258437E04
7 1.069892E04
6 8.4563WG05
5 6.178794E-05
4 4.404186W05
3 3.18691OE+5
2 2.3UIME-05
1 1.595027E-C5

rti 2

1.sn27m
2.277CCCE-05
3.140297E-05
4.342482Em
6.1OW32E-C5
8.357625E-05
1.05782QH)4
1.2444292X4
1.402857E-04
1.537285E-04
1.64925CEW4
1.739405-04
1.W7762E04
1.853923E-04
1.877217E04
1.877217E-04
l.8!S3923E-
1.em76zEo4
1.739404E04
1.649249E-04
l.537284EO4
1.40285QLW4
1.24442m-04
1.057819E4
8.35763E4H35
6.103558E-O5
4.34248CEM5
3.140295E05
2.2769967HS
1.5n2nEo5

rmdl 3

1.541475E05
2.232458EO5
3.0783.32E05
4.258W9E-05
5.990594FW5
8.21059OH5
1.039439E04
1.222968E-C4
1.378555E-04
1.510482E-C4
1.620356E04
1.708868EW4
1.776202.E04
1.821.530E04
1.844335E04
1.844335W34
1.821S291HM
1.776200EH4
1.708868!24
1.620357E04
1.51048IE-O4
1.378554EO4
1.2Z296-IEWI
1.039418E04
8.210584E-O5
5.990590%05
4.258W6E05
3.078130EW5
2.232456E6
1.5Q474E-05

rmsh 4

1.504720EX5
2.177882E-05
3.OCQOME-05
4.3.52235FA5
5.844229E-05
8.013195E-05
1.M4505E04
1.1937m4w34
1.345443W04
1.473W2E-04
1.58106m-04
1.667332E-04
1.732945E-04
1.777396E-04
1.799492E-04
1.799492EW4
1.777395E-04
1.732944E04
1.667332!?.-04
1.5M067E04
1.473903.E-04
1.3454s04
1.1936991w34
1.0145C51W4
8.03.3189E45
5.M4Z5E-05
4.2.52233EP25
3.m3m2E-05
2.I.77882E05
I.mnmz-os

rmsh 5

1.4WW8W35
2.3.12780E-05
2.906186E45
4.02214UX35
5.662550E-05
7.765163E05
9.em.162E-05
1.155W2E—04
1.303442W14
1.427562E-04
1.531042EA4
1.614756E-04
1.678476EW4
1.721227E-04
1.742544?44
1.742544FA4
1.721227E04
1.678476E-04
1.61475w
1.531042E-C4
1.427563E-C.I
1.3034413H24
l.2.56572EO4
9.83U.55E-05
7.765157E-05
5.662546E-05
4.0223.39E-05
2.906184E05
2.n277w-05
1.450918E-05

r- 6

1.4093741H35
2.037238!345
2.7974463H25
3.869273EO5
5.446248E-05
7.467449E05
9.453317E-05
1.IU%7E—M
1.252643E-C4
1.371492E-04
1.470749E04
1.552.348!-04
1.612398E-04
1.653360E-C4
1.673957E-04
1.673957E-04
1.653360.E-04
1.622397E-04
1.551347E-04
1.470749E-04
1.3n49~
1.252642E-04
1.ll1866E04
9.453311E-05
7.46M44E-05
5.446245E05
3.8682713H35
2.797444E05
2.037237E-05
1.409373W05

rti 7

1.349629E-05
1.95U97EW5
2.674M3.E-05
3.692088E-05
5.195565E-05
7.3.22664E-05
9.0136WEH35
1.059808E-04
1.19337SZ-04
1.306285EX14
1.4@x433E-04
I.4n2uwo4
1.535402.E04
1.57425W04
1.594092.E-04
1.59409W04
1.574250E-04
1.535400E44
1.47-?2MEW4
1.4335832-U
1.306285EC4
1.193375E04
1.059807E434
9.013645B05
7.1226WW05
5.195562EC5
3.6920871H35
2.674160E-C5
1.952.3.9632-05
1.349629%05

rm?sh 8

1.283232E-05
1.855876E+5
2.536675E-05
3.494758E*
4.932686E-05
6.732493E-05
8.515655E-05
1.03070642-04
1.7.26204E-04
1.23207@H4
1.32U29E-04
1.3935031LX4
1.4482951H34
1.48464.S04
1.503147E04
;$5mlso

1.448195E-C4
1.3935QZH?4
1.3211.28E-04
1.232075E-04
1.3.26203E-04
1.00270%W4
8.53.5653EH35
6.73249XH35
4.932683EX5
3.494756EX5
2.536674?3-05
1.855875GO5
1.281231E-05

rrm?sh 11 r-mesh S2

9.3Z.991OE-O6
1.354303505
1.8643851N5
2.52482.9EX5
3.5CmC5E-05
4.776973EO5
6.008305E05
7.OI51O6E-O5
7.87336C9H15
8.633290!2-05
9.234@m?ro5
9.7335511?io5
1.OILI.97E-04
1.0363863W4
1.04WH-04
1.049236W24
1.0363863-04
1.olJ.197E-04
9.733550E-05
9.234046E-05
8.613289E45
7.871359E-05
7.o153.05E05
6.008304E-05
4.7769731H25
3.503205E-05
2.524818E+
1.8643843-05
1.354W3W05
9.229905G06

rmsh 13

8.142366E-06
1.2022507s-05
1.660522EN5
2.242422E-05
3.0918981W35
4.196WGW5
5.261.316E-05
6.13156Ew05
6.87942CE45
7.5233622-05
8.056401E05
8.486603E-05
8.810239JM35
9.027667!2-05
9.13634LB05
9.1363mH35
9.0276%%05
8.81003@zH35
8.486501Ei05
8.0564CKE-C5
7.523361E-05
6.8794H%05
6.133568E05
5.261.317E-05
4.196846G05
3.091897E-05
2.242421)M5
1.660522E05
1.202250!3-05
8.142361?W36

rmsh 14

7.2990482-06
1.06523a
1.464335E-C5
1.954041G05
2.656081Ee
3.586246GC5
4.466C04E05
5.179908E-05
5.80353S3-05
6.330173E45
6.770253E05
7.125773Eio5
7.393675E45
7.573637G05
7.6640361w35
7.664035E-05
7.573G7E-05
7.393674E05
7.225nmio5
6.nozmwos
6.330173E05
5.802.535E05
5.179909%05
4.466025G05
3.586246EO5
2.656C431E-CE
1.954043E-05
1.464334E-05
1.065229E-05
7.259043E06

rti 1.5

6.523604E-06
9.458964E-06
1.2895142-05
1.699830E-05
2.228423E-05
2.9CWUE-05
3.543338EX5
4.085821E05
4.554L73E-05
4.9704ZJ3-05
5.3U209E-05
5.586903B05
5.794963EO5
5.934620E-05
6.0M763EC5
6.02476U3-05
5.934619EiC5
5.794960E05
5.586901E-05
5.312208E05
4.970421E-05
4.564173E-05
4.085823s?-05
3.543138E-05
2.9W542EH5
2.228423E-05
1.69983-5
1.289513E-05
9.458958E-06
6.52360CE+6

rmsh 16

5.859663E-06
8.487987EW6
1.147999G05
1.505W7E-05
1.906251w05
2.324339E-05
2.760247E-05
3.177064E-05
3.539355-05
3.853168TH5
4.3.M8331X5
4.326463EC5
4.486439E-C5
4.593657E05
4.6476625i05
4.64766Z-05
4.593657E05
4.486439EO5
4.326463E-05
4.1348UE-05
3.8S16=-05
3.539368E-05
3.177064E-05
2.7EJ3248E-05
2.3241.39E-05
1.906251E-05
1.505027E-05
1.147999E-05
8.467982E-06
5.8596%wO6

30 1.203907EC5
29 1.749443E05
2E 2.3W5141X5
27 3.277393EO5
26 4.EtO094W05
25 6.299440!ix35
24 7.963704E05
23 9.349W.W35
22 1.052273E~
21 1.149892G04
20 1.233290wM
39 1.3W649E-04
2.8 1.353099E-CA
17 1.385359E-C4
16 1.402393E-04
3.5 1.402393iH4
14 1.3853S91H4
13 1.351.099E-04
32 1.300648)H2.4
n 1.233290E-04
10 1.149891Ea
9 1.051273E04
8 9.349077EC5
7 7.963703EC5
6 6.299438GO5
5 4.6CU1921W5
4 3.2771.93.EW5
3 2.38751.3E-C5
2 1.749442E05
1 1.2C0906E03

1.n5349E-05
1.S0896EX5
2.225342EO5
3.042269E-05
4.259406E-05
5.827823GO5
7.35914013-05
8.629368BO5
9.695~E-05
1.060436E-04
1.137335E-04
1.198793E-04
1.245520244
1.277273E-04
1.293036E-M
1.29303m-04
1.277272E-04
1.24552CE-04
1.298793E44
1.2.3n3S3-04
1.0E0437WM
9.6951113H35
8.629365%05
7.3591.38E05
5.827821505
4.25940S3-05
3.04226Ez45
2.22534W-05
1.630896E-05
1.lI.5348E-05

1.018631EW5
1.501179E-05
2.051696w35
2.790225E-05
3.893287E-G5
5.33922505
6.70W28E-05
7.851823E-05
8.83J.923E-05
9.6383352-05
1.033490E-04
1.089537E04
1.132374E-04
1.160948E-04
1.175353E-04
1.175351E-04
1.m3947E04
1.3.323745X4
1.0895mE-c4
1.033489E04
9.638333E05
8.811921.w05
7.851821.E-05
6.7081Z7EW5
5.319224E45
3.8932861H35
2.790224E-05
2.051695E45
1.501178E-05
1.018631.E-05

rmsh 17 rmsh 18 rh 20 rmsh 21 rnkssh 22 rmsh 23

30 5.33XQ2E-06
29 7.6654394!2-06
243 1.034476E+5
27 1.344971E-05
26 1.673728E-05
25 1.98UXE-05
24 2.295434E-05
23 2.625463E05
22 2.9179231HE5
21 3.171622E05
20 3.385862E45
39 3.5584WX5
18 3.6890467M5
17 3.776757w05
16 3.820813E05
3.53.820833EW5
14 3.776757E-05
23 3.689047E-05
L? 3.558498G05
n 3.385862E-05
10 3.171622E45
9 2.917923E-05
8 2.625463.E-C5
7 2.295434E-05
6 1.981356E05
5 1.673728E-05
4 1.3449nE-05
3 1.034476E+5

4.7714e5-06
6.863383E-06
9.256340G06
1.188733E-05
1.458734LW5
1.7088711H%
1.952007EW5
2.210859EO5
2.447w41H15
2.649979?3-05
2.824350E-05
2.964W41X5
3.072397E-05
3.144235?5-05
3.1805691W5
3.180569E%
3.144234E-05
3.072397E-C5
2.964903E-G5
2.82435Q2-05
2.649979EX5
2.4472941H35
2.210t1597+05
1.952C07E-05
1.708872E-05
1.458734E-05
1.188733E-05
9.256336W06

4.233.253EO6
6.103877E-o6
8.18762.5E-06
1.0389601W5
1.265024E-05
1.4702UE—05
1.6668635X5
1.881082iH35
2.079273!3-05
2.244564E-05
2.383559E-C5
2.496W2W05
2.58401OE-O5
2.642770E-05
2.672494E-05
2.672494E-05
2.64277CE-05
2.58401m-05
2.496831E-05
2.383559EO5
2.2M%4E—05
2.079273E-
1.e81082E*
1.666864GC5
1.470204E-05
1.265025E-05
1.0389601H5
8.18761.DW36

3.7188761LN6
5.368055E-06
7.145179E46
9.0132.95E-06
1.093042E45
1.264073E-05
1.422519E45
1.5987772-05
1.769983E45
1.913587E-05
2.029990EX5
2.12.lo14E05
2.169343E-c5
2.23732Ew05
2.26C463E-05
2.260462!3-05
2.2373282-05
2.189343%05
2.3.2103.3!2-05
2.029990E-05
1.923587H15
1.769983G05
1.598777E-05
1.42252026
1.264074E-C5
1.093042E05
9.013195E-06
7.1451763+06

3.23069EE-06
4.653634EO6
6.177254E06
7.n2648m6
9.399940B06
1.08321UW5
1.213560E~
1.356255E-05
1.5C0933E45
1.62%46!3-05
1.72821OEO5
1.8091-5
1.863602Ex35
1.901.8X4X35
1.92CC122E45
1.920021E45
1.901857W05
1.8E3602505
1.809142E-05
1.728210Eio5
1.62564Q3-05
1.5C093.3E-05
1.356256E05
1.213561E-05
1.083LZE-05
9.399943E-06
7.772648E-06
6.177153E06

2.764216E-06
3.993242E-06
5.29431Sf26
6.652385E-06
8.O251O3E-O6
9.ZM488E-06
1.028B51H25
1.1449662-05
1.267293E-05
1.373322?2-05
1.459634EC5
1.5318862-M
1.584509E-05
1.6347722-05
1.631737E-05
1.6N.737E-05
1.614n2w05
1.584508E+5
1.531886E05
1.4596-L4E-05
1.373322E05
1.2672942-05
1.144966E-05
1.028156E-C5
9.224493!3-06
8.0251c6E-06
6.652386Eo6
5.294317E-06

2.341843E~
3.38533.5E46
4.483mE-06
5.625309E~
6.768323EO6
7.75768424
8.6187571M6
9.5M815E-06
1.05582ZE-05
1.149934E45
1.221932E-05
1.260141J3-05
1.3290322+5
1.35854m+5
1.374953E45
1.3749531W35
1.358%OE-05
1.329032W05
1.2W140E-G5
1.221932W35
1.149934E05
1.05582ZWJ5
;.!5.4;p4:

7:757686EG
6.7681Z6E46
5.625310Ea
4.4837nEo6

1.95644X46
2.8133221W6
3.729634E06
4.654474!246
5.587003.IM6
6.387923EM6
7.077756EA6
7.812777E-06
8.61.6276E-06
9.4W5051N36
1.003742E-05
1.C52375E-05
1.089782EX5
1.l17242E-05
1.I.30725E05
1.I.30725E-05
1.127242FA5
1.089781E-05
1.052375E-05
1.003742E-05
9.400505E=06
8.616278G06
7.8rm9wa6
7.on7m3-06
6.38792-6
5.587C04?06
4.654474EO6
3.73.X32E06
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APPENDIX A SAMPLE INPUT Sample problem 1: Output Listing

●

●

☛

☛

●

●

●

●

●

☛

●

☛

●

●

●

☛

●

●

●

●

●

●

●

☛

●

☛

●

●

●

☛

●

●

☛

●

●

2 7.665089E-06
1 5.313598E-06

rmsh 25

6.863377Ei066.103872s-065.36S35C4H6
4.77147M 4.2332473H363.718874G06

4.653Q9E-C% 3.993238E-06
3.ZW594G06 2.764ZX-06

3.3853321W6
2.34184CB3-W

2.8333-
1.9564XC-06

,.********************

—

—

30 1.583627E-C6
29 2.253.514E-CK
28 2.964954E-06
27 3.7~8501HX
26 4.4358%E46
25 5.0S0573H6
24 5.592986E-06
23 6.149175EN6
22 6.76W2W—06
21 7.391177E-M
a 7.9U982E-06
19 8.333X25X6
18 8.61--
17 8.8301788-06
16 8.8926QE-06
M 8.892663EX16
14 8.81,0178G06
13 8.6M728E46
U 8.333283E-06
11 7.931982Eio6
10 7.391177E-06
9 6.768030EX6
8 6.14917~=
: pSWmSW

5 4h354mH36
4 3.703ffilExK
3 2.964953W2-5
2 2.2515Y.2E-06
1 1.583624W26

**************************************************ti**************************ti******************,**,

—

tic**********************************************************************************************a************************
●

* fl.wc~ fcxgrcql 2
*
********************n********************************ti*********************-*** ***** **********h**tititi*****,*****,*

●

●

☛

●

●

☛

☛

●

●

●

●

●

☛

☛

●

●

●

●

●

●

●

●

●

●

●

●

●

☛

●

●

●

●

●

●

●

●

●

☛

●

☛

☛

●

☛

●

●

●

●

●

●

☛

☛

☛

●

●

●

☛

●

●

●

●

●

●

●

●

r* 1 rti 2 rh 3 rnmh 4 rresh 6 rd 7 rb 8

6.1M895E-05
1.M2544E-04
1.45M25E-04
1.W034CXH34
2.344759!%4
2.858411E—M
3.385543E-04
3.873589EE04
4.309165EW4
4.69451.5-04
5.022WXX4
5.290369E-04
5.4939381LW4
5.630955E+
5.6999441XM
5.699944E*
5.630954E-M
5.493937E-04
5.290368!3-04
5.022848Ea
4.694514E-04
4.309163E-M
3.873S61H4
3.3855J9E-M
2.8%4CSE-04
2.3447WE-04
1.W3339E-M

::”$&:

%
28
27
26

%
23
22
23.
20
N
18
17

::
14
S)
32
11
1:

8
7

6.260CIW05
1.0685WH34
1.4879MS-04
1.927269!W34
2.4027531H4
2.929165EW4
3.46944TW4
3.9678481W4
4.4M98MH24
4.812493W34
5.1495731W4
5.4X219E-M
p?mz6m~

5:844662E-04
5.844662IHM
5.7738055-M
5.6331.18E*
5.4242ME*
5.M9572E-04
4.812490w04
4.416979Wx
3.967845%M
3.469445W34
:.:g;m*

1:927268E-04
1.487918B-04
1.06851CE-04
6.26CIXW05

6.39937~-
1.058Q3.lM4
1.47399H
1.909353EN4
2.3809531H14
2.902911E-04
3.438574W34
3.932W52—04
4.3m83E-04
4.7691.99H34
5.3.O31O5J3-O4
5.375U2FX4
5.!X2022FM4
5.m44f3+c4
5.791554E-04
5.793554E-04
5.721447E-04
5.5820211W4
5.3751.IDN4
5.1031O3E-M
4.7693932-04
4.377383E04
3.932504E-04
3.43857ZH4
2.9029~
2.380953EW4
1.9093521H34
1.473997ixb4
1.058523E-04
6.199375E~

r~ 10

4.544494W35
7.748367W35
1.07374Ss4
1.38124mio4
1.709501JH34
2.068813)H4
2A3S384E-04
2.772457E-04
3.075334E-CM
3.M2185E-04
3.569863E-04
3.755295S-04
3.896369G04
3.993563E-04
4.03931mHJ4
4.03931CE-M
3.991563.8-04
3.8963692+
3.75529%-04
3.56985J3H24
3.342M4E-04
3.075334E-04
2.772457E-04
2.435384E-04
2.068823E-04
1.709Y2m-04
1.38124CE-04
1.073748E-C4
7.74KWUW35

5.83.3139E-05
9.9241M3-05
1.381107GM
1.7880mW4
2.228102?iM
2.7143.m?ro4
3.232573E-04
3.672151E04
4.C85706JX4
4.4496aCG-04
4.759805G04
5.032517E-C4
5.204871E-04
5.3343XE—04
5.399424844
5.399424E+04
5.33432CE-04
5.20487aH34
5 .012515-U4
4.7598031W34
4.4496785X34
4.085704EW4
3.6721492-U
3.23znE—04
2.7141coE-04
2.228KOE44
1.7MOSE—04
J:g31CmnC

5.8333.37E-C5

5.636W8E05
9.5a56NGo5
1.333447H34
1.725262E-04
2.14M45E—04
2.63S264E-04
3.093W3E-04
3.535CB5E—M
3.931.970E-04
4.2SU3SH4
4.578748E-04
$SE

::-

5:192553E-04
5.13a369E-04
5,@W@W4
4.821,353EW
4.516746Ex4
4.281U7EX4
3.931969E-04
3.53W83EM
3.093W2E-04
2.61963E-04
2.148WiE—04
1.725263E-04
1.333447G04
9.5a%Wx15
5.616876E-05

5.3898COH
9.193999E-05
1.27E077EA4
1.65222@H14
2.055545E-04
2.499953.E-04
2.9552W-04

;%%%%%%

4.36685.X-W
4.597422E-M
4.772892E-CM
4.890937E-CX
4.95W7E—CX
4.950427WX
4.8W936JH31

::;&4W
4772893E

4h4mB—04
3.7539%96*
3.374783.E-04
2.955244H34
2.4599%*

;:=

9.193996E-C5
5.389U.E-05

5.132236E-05
8.75M8SW05
1.21SmE-M
1.5S79U3-04
1.93Q5ZG04
2.3693992-04
2.79--M
3.3929XE44
3.5478841X4
3.860f314E-M
4.32GmE-04
4.343345&-M
4.5Ca4Em-04
4.619493E-04
4.615433E-Oi
4.675433!S-04
4.619492E44
4.W%449E4
4.343M5GM
4.32G%SI-oi
3.E600mW4
3.547882EW4
3.39293.%X4
2.7980571X4
2.369394GO4
1.950524E-04
1.5697891H4
1.23.5783E-M
8.7536WH5
5.1322393-051

rmh 9 rmsh 11
4.23.872932-05
7.193923E-05
9.96340=
1.27793S2-04
1.96Q83H34
1.so2347Eio4
2.2340181W4
2s38540E-04
2.81.2.05SE-04
3.C53610E-04
3.259887E-04
3.427732EQ4
3.55SmE-M
3.641730E-M
;:i83

3.64373CRH34
3.555737)3-04
3.427732E-04
3.2598%G04
3.c5361CE-04
2.822058E*
2.538540E-04
2.234017B04
1.902346W34
1.s76617E-04
1.2779=-04
9.9614@31H5
7.393921E-05

rnmh 12 rmsh 3.3 rti 14 rmsh 2S rti 16

30
29
28
27
26
25
24
23
22
21
g

18
17
16
M
14
13
12
11
10
9

:

4.850255-05
8.26W19E45
1.1473.50E-04
1.47906504
1.8346891H4
2.235053E-04
2.Q422CIH4
2.9s1438E-04
3.323.385EW4
3.6338271W4
3.859755-04
4.06i7261M4
4.23S10@a
4.318638E-M
4.3iQ608E44
4.3706WIH4
4.33.8637E-C4
4.215105z-04
4.063.725E-04
3.859749E-04
3.63282S!3-04
3.32B84U—04
2.991437!S-04
2.Q423.9Lw34
2.22W52E-04
1.834699E04
1.479MC13—M
1.147350E-04
8.26881~

3.54837MW5
6.031763E-05
8.32862mHn
1.060704E04
1.295603E-04
1.5-47453E-04
1.80145mio4
2.034XDS—04
2.24684m4
2.434CWE-C4
2.59326TE-Q4
2.72346EIH4
2.822364E+34
2.889155E-04
2.922685E-M
2.922685E-04
2.8a9355fx14
2.8223CUH34
2.nM67E—M
2.593267E-04
2.4340921W4
2.246LWE-M
2.03490mio4
1A31458E04
1.547453E-Q4
1.29!WW3-04
1.060704E-04
8.32862=-05
6.0317621M5

3.213232E-05
5.44879W-05
7.51246W-05

;:*?%%

;hlzmlzq

1:95Cl1711H4
2.107654EW4
2.242417E-C4
2.352613E04
2.436552E-M
2.4933.86E44
2.521699E-04
2.QMWE-M
2.493187YW4
2.43655M-M
2.352613E-04
2.242417E-04
2.107653E-O4
1.95017113-04
1.77M64E-04
1.576326E44
1 3644.58?2
;:gzd

7:53246CW5
5.448-19QH35

2.87877-
pxg5E4

#

;:;?

~gww

1:77Z497E-04
1.8824!X8-04
1.9723
2.Mllm
2.097554H4
2.3.loWJ3-4N
2.3.30941.E-04
2.087554E-04
2.0431mH34
1.972399W34
1.882458E-M
1.772497E-04

p%Jml

1:l@m,@-04

s
1.0163.9
8.481s
6.7M83

9%X4.8747

2.589834E-C5
4.378emz-05
6.M4264E-C5
7.E85898E-05
9.067539E-05
1.040754E-04
1.lS/30%w24
1.294?73E-04
1.413354E-06
1.53.WMH4
1.63.049-
1.685452E-04
1.742877E-M
1.7m61=434
1.8033.9544
1.8Wmm4
1.781637EW4
1.742875-M
1.m4Sz—fM
1.61.049E04
1.5191mx14
1.4333WH34
1.294T13EW4
1.16730X-04
l.MO754EW4
9.0675BE-05
7.%589=-05
6.014263E~
4.3788878-05
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APPENDIX A SAMPLE INPUT Sample Roblem 1: Output Listing

●

●

☛

☛

●
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●
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●

☛

●

●

☛
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●

●

●

●
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●

●

☛

☛

●

●

☛

☛

●
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☛

☛

●

●

☛
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●

●

☛

●

☛

●

☛

☛

●

☛

☛

●

☛

●

☛

●

●

●

●

☛

☛

●

●

30
29
28
27
26
25
24
23
22
z
8

18
17
16
35
14
13
32
13
10
9
8
7

30
w
2E
27
26
25
24
23
22
23
20
39
18
17
16
3.5
14
13
U?
s.
10
9

;
6
5
4
3
2
1

4.850259LW5

rmsh 17

2.346447E-05
3.961J95E-05
5.441116E-05
6.852108wO5
8.224255E-05
9.456524E-05
1.0ZM24WM
1.161.7L3E-04
1.264766EW
1.356654E-04
1.436493E-C4
1.5021O3W34
1.552341Jx14
1.586377E-04
1.603505E-W
1.Lm505Ea
1.5W377E-04
1.5523431X14
1.5021O2E-O4
1.436493W34
1.356654E-C4
1.264766E-04
1.161713E-04
1.053424!s44
9.456524E-05
8.224255E45
6.852107E05
5.443.U6E-05
3.963394E45
2.3464461W5

rh 25

5.30W29E46
8.731350E-06
1.187033E=
1.4936431H35
1.792fY12E~
2.049668E-05
2.2W386E%
2.4EM95E-05
2.649252E-05
2.8209361X5
2.9716ME-05
3.096339E-05
3.1932681-05
3.254939FH35
3.2$7524E-05
3.287524E-05
3.2549392-05
3.193268EH35
3.036338B35
2.9n67.oE-05
2.82093632+5
2.649252E-05
2.461695E-05
2.260386TH35
2.049668E05
1.792672?345
1.493643W35
1.1S7033E-05
8.711348E-06
5.3081213E46

4.544492Eio54.218n8E415

rrmsh 18 r- 3.9

2.3.O51O3W351.870185G05
3.556823E+5 3.1706H.E-05
4.889988E-054.355252E-05
6.358039!s-055.471924E-05
7.397972EO5 6.572633E+5
8.49881632-057.544106W05
9.440570E-058.36633SH25
1.036453EW4 9.167009E-05
1.124953E-049.9274KEH35
1.20453E-04 1.061366E-04
1.273490E-041.32053.5E-04
1.33066@W4 1.169743.E-04
1.374249E-C41.207422E-04
1.403969E-041.233022E-04
1.4.188571W41.245938E-04
1.418857E-C41.24S938EC.4
1.4039691w341.733022EH34
1.374249E-C!41.207422?-04
1.3306WE-U4 1.169741E-04
1.27349~~ 1.32053.5EA4
1.204539E-041.w1366E44
1.124953E-049.927416E-05
1.036453EW4 9.167009EC5
9.44057CEH258.3663L9E-05
8.498818E-057.544NY7E45
7.397972E-056.572~CG05
6.35@038E-055.471923E435
4.8899882-OS4.355252E-05
3.556822E-053.17CKJSEio5
2.1051O3E45 1.87018.UM5

3.8&550w05

rti 20

1.646872EX5
2.7922521H35
3.839273EO5
4.795108EO5
5.76472CE05
6.611281E-05
7.32M38W35
8.006929E-05
8.658727E-05
9.2507631w35
9.7S7966E-05
1.017597E04
1.049994?s-04
1.071706E-04
1.082843EX34
1.082843E-04
1.on706E-04
1.04.9994E-04
1.017597EX4
9.757965E-05
9.252762?3-05
8.65872R05
8.IX16929E45
7.323m8E-05
6.611281E-05
5.764720E-05
4.795U39G05
3.819271E-05
2.792253.E-05
1.646S72E-05

3.548377E-05

1.42672@05
2.4KM.9E-05
3.290841E-05
4.3.36303B05
4.9738QE05
5.7W433E-C5
6.306607H35
6.88686CE-C5
7.4346MGG5
7.937967E-05
8.37S21EIW5
8.725677E-05
8.999343E45
9.182751E-05
9.276529E-05
9.276529E-05
9.18275CE05
8.99934zH35
8.n5616E-05
8.373Z17EX5
7.93796=+5
7.4346165-05
6.886860E-05
6.3066CEE-05
5.7C0433EH5
4.973864E-05
4.I.36303E-05
3.290841.E-05
2.420239&05
1.426729EH25

3.233231E-05

rmsh 22

1.203972!3-05
2.O321O6E-O5
2.773987EO5
3.489e681w35
4.397329E-05
4.W36256E-05
5.333924)2-05
5.795368E-G5
6.250256G05
6.666214E-05
7.027433E-05
7.324606E+35
7.552385E-05
7.706440E05
7.783400B25
7.783400w05
7.706439E-05
7.552385E45
7.3246135E-05
7.027433E45
6.666233E-05
6.2W256E-05
5.79536-5
5.3U925E05
4.806256E05
4.197329E-05
3.489868EO5
2.77398W5
2.O321O6F-O5
1.2039723H35

2.8787761M5

rti 23

9.8399WE-06
1.6573WE-05
2.262063G05
2.8485922-05
3.423843E-05
3.917286E-05
4.327094E05
4.7161xE-05
5.0@2786E-05
5.418259G05
5.71C060E45
5.949180E-05
6.3.33269E-05
6.259753E-05
6.321822E-05
6.3TN22E-05
6.259752EO5
6.133269E-05
5.94918CG05
5.71OO6J3E45
5.4N259E-G5
5.0827861W35
4.7m36E-05
4.327094W05
3.9m8a3%
3.423843E05
2.848592W35
2.262062W35
1.657350E-05
9.839978E06

2.589833EO5

rmsh 24

7.63506%!-06
1.27mwo5
1.742349?2-05
2.393956EX5
2.634380E-05
3.013403E-05
3.325640E-05
3.623212E-05
3.9020m-05
4.I.56384E-05
4.381218E45
4.564094w05
4.703432E-05
4.800097E05
4.8482591H35
4.848259E-05
4.81W397E-05
4.703432E45
4.5640931H35
4.3812171+05
4.3.56384E-05
3.9020m-05
3.62321Z-05
3.32564Ud45
3.OI.3404E-05
2.634383.FA5
2.393956EO5
1.7423482-05
1.27773%-05
7.QW63E-06

~filefixsrcwrittm withtk fish-.
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26
27
26
25
24
23
22
21
2U
39
7.8
17
16
M
14
13
32
U
10
9
8

2

*
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***************************
●

*

:Cmtm=Itrl-rl
● rmsh 1 rresh
●

● 30 O.cmoomo o.oCmoa3+oo
● 29 0.OWWOE+OO 0.000020T3W0
* o.WCOOOE+OO 0.0CCOXSZ40
● o.mooE+oo O.ommoo
● 0.0MW2E+O0 O.oomm.ca
* 7.254403E-067.183464E-06
● 8.7689741H168.684344E-
. 1.011876E-051.Cr323.39?2-05
● 1.331043E-O51.3ZW73.E-05
● 1.234633E45 1.222637E-05
* 1.322234E05 1.309337EJ35
* 1.393349E-051.3797MW05
* 1.447343W05 1.433181w05
* 1.4837301W5 1.4692391HJ5
* 1.5U2141E-051.487392.W05
● 1.502141E-051.487391E05
* 1.483730E-051.469238E-05
* 1.447343X35 1.43318CE45
● 1.393349E45 1.379708E-05
* 1.322233Ei051.309336E-05
● 1.234630E45 1.222616iM5
* 1.I31043E-O51.32007C?3-C5
● 1.031875E-051.00213Es=05

rmsh 3 r&4

0.000WOEXJ2 0.0WM3WCXI
o.ooLxCoE@2 0.00X0OE+W
0.COCW3E+O0 O.molmo
o.Cmxowoo O.OCJXOOE+OO
O.OWXOOMO o.mowx
7.068455E+6 6.908359E-06
8.54.53DE-068.3499941H36
9.8505XE-06 9.634460E-06
1.103985E-O51.076574E-05
1.202766G05 1.174842E45
l.287982EM5 1.2580052-05
1.3573.53-E*51.325473.E-05
1.409781.w051.376792E-C5
1.445207FA5 1.43.1446E05
1.463039W05 1.428794W35
1.463039E-051.428794E-05
1.445207E~5 1.4U446E-05
1.4097WE-05 1.376792E-05
1.3571.53E-051.325473E05
1.287983E45 1.2WJ34!W35
1.202766E-051.1748422-05
1.103984E-O51.076573W5
9.85J3499w069.Q4454E46

rmsh 5rnesh6

o.omxm+al o.oommE+oo
O.ocxcom+alo.oOcmoE+oo
O.ocommcmo.ommoE+oo
o.Owxmxo o.oow30E+oo
0.0000002+CG0.000owo
6.7036N3E-066.455628E-06
8.1C0181E-067.79716$z46
9.343779E-068.991047E-W
1.043902E-051.OW.691W5
1L38967E-05 1.095306E-05
1.239378?3-051.1724643-OS
1.284746E-C51.235277E-05
1.334503E-051.282974E45
1.36795333-051.33.5065E-05
1.38472-5 1.333X3.E-05
1.384n6w35 1.333203.E-05
1.367953E-051.315065E-05
1.334!XIE-05l.282974E45
2..2E4745E-051.235277!3-05
1.219378E45 1.172463!3-05
1.138966E-051.095306E-05
1.043902E-051.@34269E-05
9.3437735x268.991C42E06

rmsh 7

O.cwo-
o.ooKo3Exo
0.0LW200E+O0
o.om3000iMo
o.omlooE+oo
6.16697UW6
7.443592E-06
8.579099E06
9.577062!3-06
1.0443433i05
1.3.17663E05
1.lm66E-05
1.222769E-05
1.2SXW7E-05
1.268660E-05
1.268660E05
1.253237E-05
1.222769E-05
1.lm66E-05
1.l17663E-05
1.044343E05
9.57705blW6
8.579095E-06

rmsh 8

0.WOCW13+CQ
o.000omMCo
o.0000mJ+02
O.coooom+oo
O.memo
5.8402063H36
7.04287~06
8.I.I163EE-06
9.CH3252E-06
9.864020E-06
1.055493E-05
1.3.31763E-05
1.3.54469)2-05
1.183106EM5
1.39756Ss-05
1.19756a3-05
1.1831054W35
1.154469E-05
1.1137CIE-05
1.055492%05
9.8640KE-06
9.0502461H26
8.33.3.535!2-06
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●

●

☛

●

●

●

●

☛

☛

●

☛

●

●

●

☛

●

●

●

☛

●

☛

●

●

●

●

●

●

☛

●

☛

●

☛

●

☛

●

☛

●

☛

●

●

☛

●

☛

●

●

●

●

●

●

●

●

☛

●

●

●

●

●

☛

☛

☛

☛

●

☛

●

☛

●

●

☛

●

●

●

●

●

●

☛

☛

●

●

●

●

●

●

●

☛

☛

●

☛

☛

●

●

☛

●

●

☛

●

●

●

☛

☛

☛

●

☛

●

●

●

●

☛

●

☛

7
6
5

!
2
1

2n
29
28
27
26
25
24
23
22
21
g

18
17
16
15
14

:

+

!
6
5
4

;
1

30
29
28
27

x
24
23
22
21
20
B
18
17
16
E
14
13
12
11
10
9

:

:
4

:
1

::
28
27
26
25
24
23
22
21
20
19
18
17
16
3s
14
13
12
U
1:

8
7
6

2
3
2
1

8.768968GO6
7.254398E-C6
o.wnw3E+m
O.cmccm+m
o.KnlxE+a
o.~
O.cmxm+co

8.684335+6
-i:i*

O.cmoou%m
o.002cmxM
o.KmxE4x
o.mmxE+Oo

8.54WWIM6
;:&m

o.OwcmwJo
O.lmommoo
o.OcOYmMo
o.cmcoaMo

8.34S89FX6
6.?0S35S2-06
o.cmwOE+w
o.0cwmM30
o.omxOw30
O.oomomwl
o.ocmmE+m

rk 32

8.loo17.5S-06
6.7036S@2-06
O.oaxm?+m
o.owom3+w
o.m30m3+m
o.omm3tCU
o.~

7.79n65w36
6.455625JM6
o.oOmxEMo
o.oOmxacQ
o.ocKmmw3
o.oOmm+cQ
o.OmccmAo

rk 14

7.44358e&06
6.166WE436
o.
0.
0.
o.000aOMO
o.ccoamMo

rmsh 15

7.04287CE-06
5.840a4E-06
o.oa30@ma
o.ccccmMo
O.cmoawoo
o.omxKEml
o.IxcOmMo

rti 16rmsh 9 .r* 10 rnmh 13

o.c#YxE@2
O.coxxxmm
o.&
o. OmYxmco
o.omxm+Qo
5.47851MW6
6.599396TM6
7.592921.E-06
8.454640E+16
9.222127EH6
9.86aolE-06
1.03903W05
1.07w32Eio5
1. I.05383E-05
1. 118778E-C5
1. l1877iE-w5
1.1053825C5
1.07wlz—m
1.03903=
9.8a6991H6
9.2Z23Z4E-06
8.464637w36
7.592919WJ6
6.5S9394E46
5.478sxlmo6
o.cmxm+Oo
o.00mxmoo
o.Omxm+oo
o.ocmOOmm
o.Owxm+Oo

o.cwmcE+m
O.cman?+a
o.oomxaCQ
o.comxE+a
o.oo@xma3
5.086241E06
6.l16369Ei06
7.027966E-06
7.8275371M6
8.Q4319W06
9.l1653S3-CK
9.596786E-C6
9.9616784H36
1.020847G05
1.033184E-05
1.033184HE
1.0208471H5
9.96M77EX6
9.596784G06
9.13.6536Eio6
8.524317E06
7.8275BH6
7.0279641H36
6.l163ClEi06
5.0862-
o.oCmxEMo
o.am2U?W3
o.oCJxmWo
o.CKm2m02
0JXWWW30

o. Omxm+oo
o.ocm20Em
o.ccmxGoo
o.mxmEtoo
O.coxcm+a
4.666726E+6
5.599S25E+6
6.m7E-CX
7.143679rw6
7.7-7527(E-O6
8.3U255—06
8.74756fi&06
9.07w91E-06
9.302449W35
9.43.467@io6
9.414678G06
9.302449E-c6
9.0797901+C6
8.747565Ei06
8.312255F+C6
7.77526aE-c6
7.143677E-06
6.42221E&06
5.599GME-06
4.666125-06
o.c#xm+cO
O.mxm?+ao
o.mxmE+ca
o.oKaxE+a
o.cmm3E+m

o. Omxm+al
O.ocmcm+m
o.rmmE+cQ
O.cxxwm+m
o.ocrmoEa
4.zm3m—06
5.053973E-06
5.778312E46
6.4ZJ433.E-06
6.984878w16
7.4QQ8E-06
7.8!W246E45
8.14498.4JHX
8.342442w26
8.4421.6’IEW6
8.442161.JHL6
8.342442E+6
8.144983E+6
-1.850245E-CK
7.4QQ7E-06
6.984677E-06
6.420430EX6
5.778332E+6
5.053970E-C6
4.225m6E-06
o.~
::3

o.ocm20E+02
o.ccoimEa

o.mxm2+cm
O.omxcm+m
o.axoxEa
o.mmw3+cQ
o. Owxmml
3.762W7E-06
4.4771XE+6
5.106969E-O6
5.66612S6
6.35651mio6
6.%979@-06
6.90.5293E+6
7.161024&06
7.3328523-06
7.418963w06
7.418963Gc6
7.3328511H6
x-l

6.56979M
6.3SW9E-06
5.666J2%io6
5.m6069G06
4.47n79E+6
3.7Q507E—W
o.Oomim+m
o.ooLmmm
O.ocmmx)o
o.mxOm02
o.ocmOmOo

o.ocmxE@l
o.OmxmMo
O.ccowmoo
o.ocKxomm
o.ocomEml
3.28802QZ-06
3.881695E+6
4.404237EX6
4.874349FA5
5.283296wO6
5.630243E45
5.912820)XM
6.1273UiE-06
6.271834w06
6.344537E-06
6.344537E-06
6.271834E-06
6.327315-06
5.912.81.9E-06
5.630242E-06
5.283297w36
4.87414e&06
4.4042376-06
3.881695wX
3.288027E-06
o.oOxcm+m
o.ocmxwOo
o.ocOxm+m
O.owccm+m
O.omxmtcm

O.occcumm
o.oMKcuMo
o.ocoOmWO
o.cmoOmOO
o.ccca@ao
2.7931’?s!s-06
3.2423.42E-06
3.652694E+6
4.oz85aM6
4.35187aH36
:.-

5:cr2mmw6
5.146276E-06
5.204874536
5.20t8741ix6
5.14Q79M6
5.029WIE-06
4.85mm—06
4.63M97E—06
4.3518m?A6
4.m58m+06
3.652694W36
3.242142s-06
2.79317SXJ6
O.ocomx+m

$m

o:~

rmsh 23

o.almo5+m
o.fxmxE+m
o.ma30m+m
o.OmxuxQ
Omacoma
o.cocm5+m
o.~
O.cmmm’oo
O.crxlmxm
O.mmom+oo
O.oiammoo
o.oam5+oo
o.~
O.comm+oo
o.omm5+oo
O.mxcm+oo
O.omocm+m
O.cmooa%m
O.moaxmm
o.~
o.ccwxE+m
o.cm3ccBm
o.m4xo&oo
o.mmKE+oo
O.owoo=+m
o.om@xwOO
o. OfxcmMo
o.omowMO
o. LmQcuMo
o.cmmEioo

rd 18 rm-sh B rnrzsh 20 rmsh 21 rmsh 22 rresh 24

o. OcMmwoo
o. OomxE+m
o.ocxxOma
o. OomxExQ
o. OocQmMo
o.cm200Ea
o.ocmaE+m
o.amooE+m
o.0cm30Ea
o.c@oxmxQ
o.oaxwE+w
o.wmocE+m
o.cmmQ%cQ
o. Otmcmml
o.cwcmE+m
o.co3cmxo
O.cmcmwoo
o.cmx@E4m
o. OcwxE+a
O.cmocmxo
o.~
o.cmc$xEa
o.cmomwYl
o.omcm3+w
o.om3KEa2
O.coxcm+m
O.cmxm+oo
O.(xmomoo
o.@330mxo
o.&

o.~
O.comm+oo
O.cmxmica
o.a3xm3@l
o.oocm5+a
o.~
o.caoxE+a
O.aocom+m
O.oowomal
o.mxm3+oo
o.coaYm3m
O.mcmm+a
o.ocommoO
o.oOmomco
o.OwxE+co
o.OoomEwO
O.mxoxim
o.@300umm

%=

o.rxmE+oo
o.oOwcm+m
o.0o02@xa
O.fxmox+m
o.0cmo5al
O.amoaz+a
o.mxME+co
o.wmm2+co
O.omcmaco

o. OomxExO
o.mxmoE42
O.wmxf?’m
o.cOcmE+m
o.cxwmacQ
O.ccmocww
o. LMommco
o.coaQwco
O.cnwxmco
o.cwm3mco
o.camxtcQ
o.wcmuE+M
o.cioM5@2
O.cmmm—oo
o.lxmcE40
o.oommMo
o.oOmm+oO
O.amxm’cm

t3
o.omxmloJ
o.oo3cmMo
O.ocmcm+m
O.mxms+oo
o.OmmE+oo
o.Ooocmxm
o.mxcQE+a
o.coawwQ2
o.Omxmioo

o.axmoEwm
o.@xmoE+m
O.axxmixm
O.cmcaom
o. Oocmmoo
o. LmmoE+m
O.cmoooaa
O.WYXOEXII
o.mxQolMQ
O.KQCQOEICQ
O.cmoxuwm
U.cmom
o. fxm2m4m
o.mxoB3+m

;:=

o.owmoEw3

~:m
O.caxomco
o.QmcoE+m
O.octmxh’m
o.@mox+co
o.mxwE+co
O.camm+oo
O.oxccm+m
o.oxcooEa
O.owxmxcl

O.ccmomm
o.cmmE+cQ
o.~
o.0cmm3+m
o.oo#3m03
Q.ommm+ol
o.OmoaEMo
O.owxm+uo
O.cmxxm+a
o.@3000mm
o.coxaE+m
O.oanom+m
o.ocWOmcm
o.
Q.
o.
::=

ki
O.cmwm’al
o.cm3cuwm
O.cxxmmwl
o.cnmxE+m
o.~
o.cm3cmcn
o.owwEtoo
o.cm3cuwm
Olnxcmtm

O.mxrm+al
o.wmME+cm
o.cmcmE+m
o.Ocwm?+m
o.ocmxE+a
o.mxooE4M
O.oaxcm+m
o.~
o.owcLmxU
o.cmxoExo
o.Omam+cQ
O.cmcixmm
o.ocmxE+a
O.ccowm+m

k=
o.@wxcwoo
o.wmxE140
O.coxamoo
o.cmxE+oo
O.cwmm+oo
O.comxmao
o.cooxmMo
o.&MaxEtm
o.mc#m+oo
o.cnooOmm
o.ciNamMo
o.cmmoExo
o.molxGoO

o.cmxQ?+m

~:=

o.mxfxw30
O.owoamcm
o.mxuE+cQ
o.cmnE+oo
o.occKmxM

W%HR%

o.

R%%%%%
W%3W
~:=
O.ccaxmm
o.0axm3’m
o.oa300mm
O.ocmcmal
o.oimaE+m

o.omKm+OO
o.c#xKEal
o.m3cmMo
O.ccoooma
o.LmmE+oo
O.cmxm+oo
O.cxxcomm
o.owm33+m
O.cmxm+oo
o.cccmE+m
O.W?M=+OO
o.waYxE+m

;:=

O.oimomm
O.mxo=+m
o.Km3m+’M
o.@3000mm
o.woo05tw
o.awoo5+a
o.OowomoO
o.OomcuMo
o.Ooow&oo
o.0occm3m
O.occam+m
o.~
o.ocm3axm
Oxoooomm
o.oomxEim

rb 25

o.OaomxOo
o.oaxmGOO
o.ommmOO
o.omoOcnm
o.cmxmiOo
o.Ommm+Oo
o.mtOxmoo
O.occmw+m
o.ocOwx+a
o.m&xm+Oo
o.omOxGOO
o.owcmw30
o.cmOxmOo
O.omxm+so
o.cmxc$Mo
O.cmxm+oo
o.OcmxEwM
o.0womw30
o.cccOOma
o.0om30Ea
o.cmmxmQ2
O.ctmom+m
o.m3mE+03
O.cmxm+m
O.cmmmco
o.cmm2E+m
o.cm30ma3
o.cmxmiQ3
o.ccmm&oo
o.cQxmE40

—

-.
..-—

.. .~Eile2ullLx wKittR-1..
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●

●

●
✎✎✎ Eil.e— Wit.t.m. .

~ ite=tim tire,mim 6.9626E+12
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************************************************ti***** ******************** *ti****-******* *******************************,**
******ti*************************** ********** ***** ***** *********************************** *************H**** *****, ti*, **,*
●

*
●

dit nn al 11/15/94with ml- Wxaicrllo-13-94~ Iebse 2.5 rwhimd

******************-* ***************************************************************************************ti********** ****.,*
*********************k****k*********************** ***** ***** ***** ****************************************************k*****
● ********************,*******************************************,********************* **********tic******************●***,*
●

●

*
. ..cditcxQaJt....

*********************************** ***** ************************ti**** ***** ***,********************************ti***&**h*****
●

*
● . ..hlcdcvi-alit E&dfb&nalta...
*
*
●&h***k*****************
%yawtditaltpk*
●***********************

********ti********************k*****M*** ***** ***** ****ti***w***** ***** ***** ***** **w** ***** `k*H******
●

●

●-ai2ctial kal=ciw -.=.0
—

* m
●-ls$=mr=tim (tmm=d47
●wiumI’te

,—, CXH’S)
rafct.dindits

*
●

☛☛☛☛☛ ☛☛☛☛☛ ▼❉☛☛☛☛☛☛☛☛☛☛☛ ☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛✌☛☛☛☛

*
●

● O-
* 1**
*
*
*
●

●

●

☛

o ajd

o-
ob--Jb
o E-Z*
ox7mEl%

*
●

☛

● o.mxmE+cQ p#i8
* 2.lwmx+cJ2 Ilt2w?r
●

*
●

☛

☛

●

●

☛

●

●

●

●

☛

●

●

☛

●

●

●

●

Olp rxyrrhm.ze all *ts, imluiirg fluxfilm, to p msq?4!att9
-P=~(ckfalt:210w)

...-=srfmktddt infcnmtim...

2 rulteroffimrwturl~
o ~oftlmgmm~
2 tdaln.lT&r 0fEbx?grq23
2 tdalrlllixroftm?si~

**b**** ***** *** H**** ***** ***** ***** ***** ***** ***** ***** ***** ***** *ti******** **, ****ti**** ***mm ***** ***** *****, *h*****
** A********* ***** ***** ***** ***** ***** ***** ti**M***,**ti** ***** ***** *&*** ***** ***** w**** ***** ***6* A************************,*
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********** ***** ***** *w*** ***** ***** ***** ***** ***** ***** ***,* ***** *,**, *************-**M**************
***** ***ti**w*tiw*** ****, ***** ***** ***** ***** ***** **ti*********** ***** ***** **-* -**** ****ti,******,* ***,**
●

●

●

...ditdqxt...

***-* ************,************-**** ************************-**** *ti****-******* **************************ti*
●

*
● ...ditLpaEimtim&ata( ““ --l)...
*
●

*
●

.
...Ck%r@xn Of- ~edits...

●

● - ~. m. arst.im m.
* ——- -— —
●

—— —

* — - --
●

●

* IFtxtim llatesfw~&l fareach
●

● =ti~-dmm .?lw.ultelcw
●

*
*

etim

●
- ~.

●

●

*
%$ y

●

*
*

Cx3itl 5

*******ti--********* **-** ***** ***********-**ti-******** ***********,***-************,*****************-
*-*** &********* ***-* ******************** ***************************************,*******-***-*********

+**********-*** *********ti***-***** ********** **-** -**************,*****-***-********************-
●**********************,*
●ky start m~ ●
*************************
* ●*-***-***********,*,-*
* ● ●

* * late *
● * ●

* * Imteri.as ●

● * ●

● *************-***********
*
*
* . ..zKrEcdit &lrttEs.ln of* IEutrul ~...
*
*
●

* . . .
●

~~c . . .
* XrE WJ.lun? dli tctal ah3
*

rn.3igf ditl

* 1 4.24UE+04 O.OCXWW+OO O.KCWE+CC 8.77853EOl 2.2E0ME-03 0.0W30WCX
* 2 5.3m4m4 o.omm.oo o.m@JE+Co 3.59670E01 9.16557E-04 O.omm+cxl
● 3 1.2723E+05 0.000@3EW0 9.W630E41 1.22668EW1 5.39537E-01 3.18645E—M
* 4 1.5904E+05 O.OCOXIEWO 0.WXQEW3 2.68069WC0 6.89544E-03 0.IXXWIE+131
● 5 4.2412E+04 o.oCJ2@JE2CmO.ccooox+oo 8.77852E01 2.26WEa o.ooaoOWCO
* 6 5.3m4w04 o.ocCnJE@l o.C@mEFCo 3.598701LWl 9.16558E~ 0.0WW3E+CC* ——. .—— —
● m 4.7713E+a5 0.01XI%3E+M 9.fW30EOl 1.74228EK315.52787E-M 3.18645EXI
***e* ******************** ***** ***************************,**,************ti****,*****************-********
************ti**************-* *****************-** *ti**,**************-**** ***** ********** ***ti*-***-*****
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APPENDIX A. SAMPLE INPUT Ssmple Problem 1: Output Iisting

●

☛

☛

● ☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛

%yStart. hipip ‘
tic************** ●** ●*******
●

●

●

☛

☛

●

●

●

☛

●

☛

●

●

●

●

☛

☛

●

☛

☛

●

●

☛

☛

●

☛

●

☛

☛

●

☛

●

●

●

☛

☛

●

☛

☛

☛

●

☛

●

☛

●

☛

☛

☛

☛

☛

●

☛

●

●

●

●

●

☛

●

●

●

● ☛☛☛☛☛ ☛☛☛☛☛*ti********w*** *ti********
● *
● @l ItKak8 me tEi2ti@Ly m. *
● Imerhce * C$3xT&mvuicrl. ●

* *
● *eZ-face mixim fik Vu-ittin.●
● mtfafam file,= ~~ ●

● m ii-lea—,,
● *1* ~ m-d3.Lm-t-k&l*:
● imerfms file .5n3i.wwittm. *
● M—erbce file ditit @ttm. *
● sta?tmlm~ ,
* 0m2m-ce+q-ialk *
● Ei)qKcwt—ittsl withtkalms ●

* file rtfbc writ.tm. *
*~ filem3x16.wdLsn. *
* St..4rteiiteaxtlm. ●

* editsCnlpl.etd. ●

● *
● **************************4*******

gt.m7ed tim.inahistmv
***** **ti*********** ***** ******************** *k*** *A***
*
● nt2Me
● —
●

●3.($
● WI
● 102
● 103
● 104
● 10s
*1.06
● 107
* 108
● 1G9
*3.32
*200
* 201
● XL?
* 203
● 204
● 20S
● 206
* 207
* 2538
* 210
* 211
*2C0
* 301
* 302
* 400
●***k****

Smlsan
VKEd9 limit
.—

ml 4od
lw” 4odl
20%%%8

o 0

39”40d
592 40020
442: 4oml

10997 4cc&
o

:
927 4od
o 0
0 0
0 0
0 0
0 0
0 0
0 0

743! d
o 0
0 0

I****************

. .

—— ——
0 0 4.4 :.:
0 0 3.7

0.7 0:0
1: 1400i 0.0 0.0
0 0 0.0 0.0
0 0 0.0 0.1
0 0 0.0 0.0

0.0 0.0
s! 14CQJ 0.0 0.0
7 14csm 0.0 0.0
0 0 0.0 0.0

0.0 0.0
12do Mcccl 0.4 0.1

0 0.0 0.0
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Sample Problem 2: Coupled Sn Monte Carlo Calculation

Sample Problem 2 is a coupled Monte Carlo/Sn calculation for a two-dimensional cylin-

drical shielding duct. lko energy-group cross sections are used and the scattering is
assumed to be linearly anisotropic.

The cylindrical shielding duct model consists of a 5 cm radius void, a 2 cm thick iron
wall, and a 18 cm thick iron-water shield (80 v/o iron and 20 v/o water). The length of
the duct is 50 cm. An isotropic neutron flux in group 1 is assumed to be present at the
bottom of the duct. Because of the neutron streaming in the duct, this problem is diffi-
cult to calculate using standard Sn. And, because of multiple scattering in the shield

region, it is expensive to calculate using just Monte Carlo. Thus, by using Monte Carlo
in the duct region, and Sn in the shield region, we can achieve a more efficient solution

than can either technique by itself.

Sample Problem 2: Output Description

The Monte Carlo input variables as defaulted by the code or as overridden by the user,
are echoed in the Monte Carlo Input Parameters table (page 3-11 O). The Monte Carlo
Setup Information table details the additional memory requirements for the MC/Sri

method, the group-dependent Monte Carlo/Sn boundaries in terms of fine mesh cells,

and the resulting fraction of the fixed source located in the Monte Carlo region. Addi-
tional LCM is needed to read in the cross sections for the Monte Carlo, and to provide
storage for the interface fluxes (residuals) along the MC/Sri boundary. If insufficient
LCM is present, the residuals will be stored on disk by energy group.

For this sample problem, the duct (fine mesh cells 1 through 5) has been designated as
the Monte Carlo region by use of the input variable MCIBND. Since MCJBND was not
entered, the Monte Carlo region extends the entire problem length. This would place the
Monte Carlo boundary directly along the ductiwall interface. However, the angular flux
at such material interfaces is usually a strong function of angle and would require a large
Sn order to resolve. To allow the use of a lower Sn order, the code automatically moves

the Monte Carlo/Sn interface MCBLT mean free paths into the Sn region. Thus, since

the mean free path is group dependent, the actual Monte Carlo/Sn interface location will

be a function of energy group, and differ from that specified by MCIBNIXMCJBND,
unless MCBLT is set to zero by the user. In this problem, the Monte Carlo/Sn method is

only used in energy group 1, so no boundaries are listed for energy group 2.

The Monte Carlo region may consist of any or all energy groups in a problem. It is gen-
erally best to specify the Monte Carlo/Sn option in only the source and/or higher energy

groups, since Sn is more efficient in the lower energy groups where scattering predomi-
nates. Note that by assigning all energy and spatial regions to the Monte Carlo region, it
is possible to run a multigroup Monte Carlo calculation with TWODANT.

The Monte Carlo calculations are performed using the macroscopic cross sections from
the interface file MACRXS, so that no additional cross-section input is required. In
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order to represent angular scattering for the group-to-group transfer matrices,
TWODANT generates 32 equiprobable bins for each scattering matrix such that the
moments of the angular scattering cross sections are conserved. This generation is per-
formed via a maximum entropy method (see Chapter 13 for more details). If problems
are encountered in generating the bins from the cross-section moments, they are listed in
the MC Angular Bin Generation table (page 3-110). Generally it is best to use as many
moments as possible when generating the equiprobable scattering bins, so ISCT should
be set to the maximum number of moments available from the cross-section tables.

After generation of the scattering bins, the fixed source located in the Monte Carlo
region (i.e., the isotropic surface flux along the bottom of the duct) is sampled using
MCNTR batches of (approximately) MCNHIS histories each. The resulting Figure of
Merit (FOM) for the self scatter (collision) rate over the Monte Carlo region for each
energy group is printed in the Self Scatter FOM, Source Calculation table on page 3-111.
The FOM (defined as one over the variance times the time) should approach a constant
value for a well sampled problem. For this problem, we see a large change in the FOM
between 140280 and 150300 histones, and another one between 210420 and 220440
histories. This indicates that MCNTR and/or MCNHIS should be increased for a more
accurate sampling of the Monte Carlo region.

Additional indications of how well the fixed source inside the Monte Carlo is being sam-
pled are given in the MC Coarse Mesh Tracklengths table, the MC Coarse Mesh Leak-
ages table, and the Tracks Entering (Coarse Mesh) table (page 3-11 1). The MC Coarse
Mesh Tracklengths table gives the total tracklength per coarse mesh due to the fixed
source, along with an estimate of the relative error. Note that since the third coarse mesh
is entirely in the Sn region, particles are not tracked through it. The MC Coarse Mesh

Leakages table is the leakage @rticles/see) from each coarse mesh cell along the outer
edge of the Monte Carlo region, along with an estimated relative error. Here, the right
leakage represents the leakage from the Monte Carlo region into the Sn (shield) region

due to the surface flux at the duct bottom. The Tracks Entering (Coarse Mesh) table
gives the number of tracks that enter or cross a coarse mesh cell. Note that a particle
may scatter and re-enter a cell more than once, so the number of tracks entering a cell
may be larger than the number of source histories.

The MC Source Calculation Particle Balance table (page 3-112) entries are as defined
for the Sn balance table entries, except that the fission source and in scatter entries are
broken out as to amounts that appear in the Sn region and the Monte Carlo region. The

net leakage entry reflects the leakage from the Monte Carlo region. For problems with
splitting/Russian roulette, the particle balance may not approximate zero as closely,
since these techniques create/destroy weight. However, the weight balance entry also
shown in this table should still approximately equal machine precision, since it accounts
for effects due to variance reduction techniques. If there is splitting/Russian roulette in
the problem, due to cell (MCCMIMP) or energy group (MCEGIMP) importances, or
due to weight splitting from fission events, the number of particles (and weight) created/
destroyed are printed here.

Particles created by splitting are placed into a particle bank for subsequent tracking. The
number of particles the bank can hold is initially sized at 640. If the bank fills up, more
space is allocated to i~ within the limits of MAXLCM. The maximum size the bank
actually reaches during a Monte Carlo calculation is printed out here. Since there is no
splitting in this problem, the maximum bank number is zero.
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Once the Monte Carlo source calculation has been completed, a normal Sn calculation is

performed for the entire problem geometry, except that the Monte Carlo calculated
boundary flux at the shield/wall interface is used as an internal boundary condition. In
this problem, since there is no upscatter or fission, the Sn calculation consists of one

outer iteration (page 3-1 13). Since there is no need to determine the fluxes in the second
energy group until the boundary flux at the Monte Carlo/Sn interface has been con-
verged, the Sn calculation for group 2 is skipped. Also note that the Sn particle balance

is not determined until after the boundary flux has been converged.

Next, the angular boundary fluxes from the Sn region into the MC region at the Monte

Carlo/Sn interface are sampled to determine the response of the Monte Carlo region due

to the coupling with the Sn region. This process of coupling an Sn calculation and a
Monte Carlo calculation is referred to as a “super-outer” iteration. The Monte Carlo/Sn

method in TWODANT is “fully coupled” in the sense that it iterates between the Sn and

Monte Carlo regions until the interface fluxes are converged. Information about the
coupling, or link, calculations is contained in the Sitno (Super-outer Iteration) Link
Monitor tables (page 3-114 through page 3-1 19).

The convergence criteria for the S@onte Carlo iterations is based upon the errors in the

group-dependent scalar boundary fluxes at the spatial S#MC interface (i.e., the shield-

wall interface), and the group-dependent scalar scattering/fission sources, in this case the
downscatter in the wall from the group 1 Monte Carlo to the group 2 Sn region. Conver-

gence in super-outers is considered to have been achieved when the relative error in the
Monte Carlo to Sn boundary flux and the Monte Carlo to Sn scattering/fission sources is

less than EPSI when compared from one super-outer iteration to the next. These errors
are printed out in the Sitno Link Monitor tables as the “iteration error.” In addition, the
energy group location of the maximum errors as well as a cell index are printed out.

In order to accelerate convergence of the super-outer iterations, the interface fluxes and
sources (if any) from the Sn region into the Monte Carlo region are decomposed into

orthonormal “basis vectors” (shapes), where each new Sn calculation defines an addi-

tional basis vector. The basis vectors are what are actually sampled to determine an
associated “response vector” for the Monte Carlo region, where each Monte Carlo cou-
pling calculation determines one response vector. How well the existing basis vectors
represent the current Sn to Monte Carlo interface fluxes/sources is represented by the “fit

errors” in the Sitno Link Monitor tables. The “current fit coefficients” are the coeffi-
cients used to fit the basis vectors to the interface fluxes/sources. After a certain number
of super-outer iterations (five in this case), the existing basis vectors are sufficient to
describe the interface fluxes and sources from the S. region into the Monte Carlo region
to within EPSI (page 3-119). Then, the existing basis vectors may be projected (see
Chapter 13 for more details) to determine the converged fit coefficients without any fur-
ther Monte Carlo coupling calculations.

After projection, one additional super-outer calculation is done, with the Sn calculation

using the projected interface fluxes/sources. Now, a complete Sn calculation (all energy

groups and particle balance) is performed. We see on page 3-119 that the resulting iter-
ation errors in the Monte Carlo to Sn boundary flux and the Monte Carlo to Sn scattering/
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fission sources are within our error criteria EPSI (.001), while the fit error of the basis
vectors to the Sn to Monte Carlo interface fluxes/sources is reasonably good.

The number of histones used in each Monte Carlo link calculation is determined auto-
matically by the code, and is based upon the number of histones specified for the source
calculation and the relative magnitude of the current fit coefficients. Tlius, if we exam-
ine the number of histories used in the Sitno Link Monitor tables on page 3-114 through
page 3-119, we see that as the magnitude of the current fit coefficients decline, so does
the number of histories used. However, at least one particle per trial is started for each
phase space cell along the Monte”Carlo/Sn interface (see Chapter 13 for more details).

This defines a lower limit on the number of histories used, which is 6000 for this sample
problem, and is the number of histories used for the third and fourth link calculations.
For problems with a larger Monte Carlo/Sn interface, andlor a larger value of MCNTR,

this lower limit could be considerably higher.

After the convergence of the super-outer iteration, the Monte Carlo Region Particle Bal-
ance Table (page 3-11 9) is recalculated. However, the entries in this table are a bit dif-
ferent from those on page 3-112. Here, SOURCE is again the fixed source inside the
Monte Carlo region, while Sn SOURCE refers to in scatter/fission sources from the Sn

region into the Monte Carlo region. FISSION SRC and IN SCATTER refer to in scatter
and fission sources from the Monte Carlo region to the Monte Carlo region. The NET
LEAKAGE is the leakage (particles/sec.) from the Monte Carlo region minus the leakage
from the Sn region into the Monte Carlo region. Thus, this quantity is lower here than

that reported on page 3-112.

The MC Coarse Mesh Leakages table (page 3-119) gives the leakage from the Monte
Carlo region, not the net leakage. Since a particle may scatter across the Monte Carlo/Sn

interface multiple times, this leakage can be greater than the source, as is the case here.
It is interesting to compare this table with that on page 3-111 to see the effects on the
leakage of coupling with the Sn region.

The Tracks Entering (Coarse Mesh, Rm Calc) table (page 3-119) is the number of tracks
that enter or cross a coarse mesh for just the Monte Carlo coupling calculations. The rel-
ative fractions in coarse meshes one and two differ in this table from that on page 3-111
since the histories for the link calculations originate at the S#Monte Carlo interface, i.e.,
the shield-wall boundary, while those for the fixed source calculation originate at the
duct bottom.

The Balance Table (page 3-120) is as defined for regular S, calculations, and incorpo-

rates the balance for both the Sn and Monte Carlo regions. This is also true for the

Coarse Mesh Balances table page 3-121 output specified by the BALP option. This
table can be used to determine the leakages out the top of the duct, as well as the shield
and wall regions. Note that for this problem, the top leakages from the duct and wall
regions are available from the MC Coarse Mesh Leakages table on page 3-119 as well.
However, if the coarse mesh cell defining the wall was split between the S. and Monte

Carlo regions, the MC Coarse Mesh Leakages table would only specify the leakage from
the Monte Carlo portion of the cell, while the Coarse Mesh Balances table would com-
bine both the Sn and Monte Carlo leakages.

3-1oo TWODANT USER’S GUIDE Version 3.0



APPENDIX A SAMPLE INPUT Sample problem 2: Output Description

Although no edits were specified for this problem, they are still possible with the Sn/

Monte Carlo option. Flux estimates for the Monte Carlo region are provided through a
tracklength estimator, and these fluxes are used in the EDIT module. Since flux esti-
mates are only available on the coarse grid, however, an average value is used for all fine
mesh cells in a coarse mesh cell in the Monte Carlo region. If one desires more flux
detail inside the Monte Carlo region, one must refine the coarse mesh structure, with a
corresponding increase in the computational time required for the Monte Carlo. If a
coarse mesh cell is split between the Monte Carlo and Sn regions, Monte Carlo calcu-

lated fluxes are used only in the Monte Carlo portion of the coarse mesh cell.
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Sample Problem 2: Output Listing
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****+****w****** **********ti************* wn***********n***************n******************************
●

*
● ...w-@==~~i....
*
●

●

●

☛

☛

●

●

●

☛

●

☛

●

***w****w***m** ********w********ti****w***-** ****ti*ww**************** ***********ti****-******* ****
***** *****m**** ****** **w****************ti-******** ***** n*********ti***ti********* ****w***-************
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APPENDIX A. SAMPLE INPUT Sample Pmblcm 2 Output Usting

****************************A**** ***** ****** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** *&***k4******4***h*
**h******* ***** ***** ***** ***** ***** ***** ***** ***** ti************* ***** ***** ***** ***** ***** ***** **h******* ***** ****ti, *,***
●

●

● ...lmwrial~
●

to -...
●

W**** ***R********************

%3JStaKtmtlsm - *
●****************************
●

● = mlteci.al
● rnrimem. m
●

●

● :s ;-%2***b*k************ ******

y--e?3= my*
●** ●****************●*
*
●

☛

●

☛

●

●

☛

●

●

☛

●

●

☛

●

☛

●

☛

☛

●

●

●

☛

☛

lm!~aJmE2y...

●.zE2mfhIx
●

●***********************

%JwRMHH%
●

●s4~forwmKslb2
● m
*

30639
2ea39
2s494

%?2
213.I.9

* o.3o163Wm.CXJ o.9044W3m@l o.83133332E-ol
● ; 0.9044490SE+CSIo.3o16387EwCsl0.83333332E-01
● 3 o.3o163E78E@3 0.30.K367EE+OJo.83n3332Gol
***********k***************.*************** *ti***- ~**** ******w*********n*** *****************m** **w
●**********************
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APPENDIX A SAMPLE INPUT Sample Roblem 2: Output Listing

********** ***** *w*ti********** ******.*******w* *************** ***** ****w* ***** ************** M**** ****m-*
*****wow***-******** ********** ***** *************** *****m*** M**** ********** **n** ************wow*****.
●

✎..-sectim rdatdrata f!xmfilenaam o@2CooltK1393l,emi.m 1 ...
*
********* MM*** ************************************************************************m******************
●

●

● 1W3U 2 Shield
●

●

●

***** ********** ************************** *****************************-**** ****ti*********M**-* *m*** *ti******

****************ti************ *****************w** *m*** ********** **********************************************
**w****n** ***** ************************* *************** *****w*****M*** *********************************w
*
*
. . ..cKm5srticrB farkgEdt-eor&?s Wtopl...

*w*** ***** ***** *******+** **** -**** ***** *************ww*w****w*** ********************-************
*
●

****-*********************
*kefs&i?smccmssrEd *
● **********************M***
●

☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛ group 1 ●********************-*****************-*******
*
* . .. 1
* -~. ..
● Za12 &i m*fiss.im tad* m. m
* lzaEl o.moE+al 0.00W2+O0 7.802m-ol 1.OGWE-02
● 27nFi2 o.m2m o.lXooEl-oo 8.4CQOW01 1.0W2E-02*
*
●

✎

● 7ye y lli.mtguparsssEdia-6
● 1 7.50WE41
* 1 1 3.oooCIE-02
● i o 1 8.1OOOE41
● 2 1 1 1.YI02E41.
● ☛☛✍☛☛☛☛☛☛☛☛☛☛☛☛☛☛✍☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛ group 2 ***** ***-*************************************
*

● m. -
●

●

O.ocom O.rmm 1.1400E+J20 2.2@JOE-01
;%% o.ofxloE+J20o.om20E!+4X 1.320CE+OC 1.8COOEW31

●

☛

☛

✎

. ..Efatterirg,naxices...
(21+1m lmmxkd)

*m y f&tgIp
●

- Sexicm
1 9.2COOE-01

*
2.0002E-02

1 2 1.omIE-02
● ; o 2 1.1400E+m
* 2

2.CXmoE-02
1 2 2.6ooi2E-co

*
●

☛☛☛ M**** ***m* ***n* ***** ***-* ******+******m* ***** *ti*********ti* ***************-*-*****-***********
********** ***** ********** ***** *************** ************************* ********** **-** -**** *****ti**-****m****
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. APPENDIX A SAMPLE INPUT Sample problem 2: Output Usting

********** ********** ***** ***** ***** *******ti***M** ***** ***** .**** ***** ****ti********* ***********************
***** *ti************ ***** ***** ***** 4********* **ti*********** ******* ***** ***** ***** w*********ti****A*********h*******
● **********************

*start rnm9anT?2*
*h******k**************

*k*** ***** ***** ***** ****ti***** **w** ***** ***** ***** ***** ***** ***** ***** ***** ***** **ti****h*****m*****************4ti**M
***** ***** ***** ***** ***** ***** ***** w**** ***** *M*** .**** ***** ***** ****** ***** ***** ***** ***** ***** ***** **ti********* *****, **h
●

●

●
. ..~v —mntecarlo irwtlxmmta)...

******************** ***** ************************************************** ******************** ***********ti************&*
●

●

●

☛

●

●

●

●

●

●

●

●

●

☛

●

●

*
●

☛

●

☛

☛

☛

☛

i
K&

25
1
5
0
0

l.Lwwl.Co IIKillt t’“
o.om3+Co m
o.Oofxtcollwr

=-%1

o.@3CHz+w*
WA& OJtnff2

—-

Ointsrc
0 intxl.a
o@31-a

:H2is

...m2mEtem infemEd h8cumeaxz21y3...

O/l/zdiswg tml@ —
o/lm/@- l$4Tth4Lnsalrc@

:2* : ~*~_—
o/lm/ysS —kmalltmn6UXce

********************************. **************ti*********************************************************************`**,****
H**** ***** ***** ***** ***** ***** ***** ***** ***** *n*** ***** ****** ***k***ti**********************************ti****************

***** **********k**ti********** ***** ***** ***** ***** ***** ***** ***** k***************.***********************************b******
***** ***** **&** ***** ****ti********* *ti****ti**** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ****4 ***** ***** ****ti**4k**
●

●

●
. ..nrxxe mrloqinfmmat.im...

*******k** ***** ***** ***** ****w* ***** ***** ***** ****** ***** ti***********.* ***** ***** ***** ***** ***** ***** ***** **ti****, ****,,*
*

30909KlKa31an xFQiIEdnKx$t
●

* lmstanq!? suml?zy...
●

● lansSbXt.dfathis~ ‘69478
* ll-AlunlKmqXSifid (~) 140CK0
*
● IKeklf$r allgin(mdidt)
● with ~

68478
52446

●

* m91Aalsmdkk? m

● ● ☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛

☛ ●

☛
nKrlte03r10EiXEln41kJ.xdml“es ●

● *
● ‘~+~]ijthl *
● *
*

40 ●

●

●

●

●**************************************
*
* themuntoftkfixd~
●

intbT2mr6Jialis l.oxlE+al
***** *****Ati******* ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** *ti***********, ***.*
***** ***** **4** ***** ***** ***** ***** ***** ***** ***** ***** ***** **ti*********** ***** ***** ** M*********AM*******.********n******

*********.**************ti****ti*** ********** ti***. ****. ********** ***** **ti******* **ti****** ****,*****.**. *ti**********.*
************ti**********w**** ti************* ***** +**** ***** ***** ***** ***** ***H***************w***4******w****ti************
●

**4** *ti**********ti 4********* ***** ***** ***** ti************* ***** ***** ****ti****** ***** ***ti,******* ****************.*****
●

● rhim =32
●

: P===k== 1...

; I==$=h- 2...

* qut.im~= 6.6S/G02sEc
●

****************e******************************************************************,***********************************,,,**
**k**************************************w******************************ti*********** *********M**********************ti
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APPENDIX A SAMPLE INPUT Ssmple Problem 2: Output Listing

***** ***** ********** ***** *M*** ******************** ***************w******************-**************
***** w**w*********** ***** ***** ***** w***** *********** ***** **ti*****ww-*** ***** ***w* ********M*****
*
* selfScatJxzfan,— d~
●

***** ***ti***********************n* ***** *w********************n** ************up********************* ti********
*
●

●

☛

●

☞

☛

●

☛

●

☛

●

☛

●

●

☛

☛

☛

●

☛

●

☛

●

☛

☛

●

●

☛

●

●

A-lis
10320
2M40
3oml
4msn
501OO
60320
70140
80250
90180
1002CO
1.N3220
1202’w
2.30260
140280
3.50300
150320
17CW0
180360
1903SJ3
200400
210420
220440
230460
240480
253500

nmn Oxcr
4.023-mCoO.oom
4.O1OS5W3 0.0044
4.0147E+W 0.0025
4.0209E+W0.0022
4.0231E+O00.0018
4.0300E+O00.0024
4.0338E+O00.0024
4.031Z+O0O.cm?l
4.0307FA00.0019
4.0Z30E+O00.0025
4.0223E+W0.0CZ2
4.0226E+03O.mo
4.0189E+O00.0021
4.0201EI’M0.0020
4.0244E+O0o.oo21
4.0230EW30.0020
4.0204E+O00.c020
4.022SE+O0o.@X9
4.0398E+J20O.cmo
4.0203E+O00.0039
4.0203.!2+000.0018
4.0235E+O00.0029
4.023.5E+03o.fY319
4.0234Etuo0.0039
4.0223.wOO0.0018

fan

1.53!:8
3072.3
3139.2
3805.4
ln6.o
1447.9
1651.4
1875.8
9S8.2
1096.6
3.209.9
1057.0
3.331.1
904.2
939.5
699.9
892.7
F33.O
878.5
923.3
n5.5
756.0
739.4
750.2

%%
30060
40080
5J31OO
Emzo
7o140
80160
90180
1.00200
Ilom
320240
2.30260
140280
3.50302
1W320
170340
lea3EJ3
Mm80
20MO0
230420
220440
23M60
240480
2wm

o.@mE+@3O.om
o.m30Etco O.omo
O.owm+oo O.mo
o.cm3E+oo O.mo
o.omoEtoo O.ocm
0.00XE+OO0.CO02
0.0MO!W20O.cmo
O.oocm+oo 0.0C03
O.OCOOE+C!OO.om
O.cmms+cmO.ocm
O.cmm+cn O.oocm
O.CCOOE+OO0.0000
o.ccwE+co O.mm
0.0000E+02O.mm
O.cmm+oo O.cml
o.omoE+oo 0.0W3
O.omm+oo 0.0203
O.omo O.oom
0. C020E+CCO.om
o.cwmE+oc O.oom
o.omoEal O.ocm
o.ccmE+oo O.ocoo
o.c@30E+fM0.0000
O.cmm+oo O.mol
O.ooamoo 0.0002

0.0
0.0

:::
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

u’
0.0
0.0

* ahmlute _ (1stddw) in intcgml ES is 7.2791E-03.
*ti***********m ***** **************M**w*********** *************** ********** ***********titi********** **+**
***** ********-** ************w** ***** ***** ***** ***** ***** ************-********************************-

*************** *wn****w****w** **************we********* ***** ******************** ***** ***** ****ti*n*******
*****Mti**w*M******* ********** ***** ******M**** *********************m*****-***********************
●

*
●

nr-Im?htRddEgth9

***************************M*** -**** **************w** ***** ***** ***** ***** ********-* ************ti*-**
*
*
● 1 1?3473E+A 5:3.%2E+O;O:OOME+J
● 0.0017
.

0.0014 O.MIOO

~ Rmx. O.CK17 i. lj=l

***** ********** ***** ***** **w-w* ***ti********** ***** ***** *ti-*********** *****************************
**w* -**** M**** *********************** M**** ********************* *****ti***********w* *****************

*********************M***-**n** ***** *-*** ***** ********** *****-**** ***** ***** **-** *ti**-********* +****
*************** ***** *********** ****m* ***** ***** ************we*********** ***** ***** **w** ***************M
●

● m—mshl-
.
***** ********** ***** *w************************************************-
*

ti************* ********m***********

●

*
tq lalE5ya3

●

☛ A307A 1!5236A Okodl
● 0.0207 0.0562 0.0000
●

☛

✎
kttmlmlQEr3

*
● A052FA 7h7E-oi O:OCWJ
* 0.W55 0.0059 O.omo
●

●

☛ 6?3S10E4;
● O.oo11
*
*
●

3.eftlmk7qss

● 1
● O:om
● O.L-.
*
***** ********** ***** ***** ***** ***** ***** ********** ****w*-**** *************** ***** ***** ***** ***** ti*ti**
***** ********** *************ti*****m**** ***** **************-***m* ********ti********************************

********** **+******* ***** ***** -**** ********** ***** ********** ***** ****w*************** ***** *ti**-**********
**** -**** *************** *************** ***** ***** *********************ti*********e** ***** ***** ***** ***ti**
●

*
. tt-adcs mterirg[crarse IIEsh)

********ti********** ***** ***** ***** ********** ****w* ***** *************** ***** *ww*w*wnm****ti* *********
●

☛
❉ li sw~ i 3

* 1 419747 0
*
*ti************ -**** ***** ******************** ***** *********************w*********************w****
****w* ***** M**** ti*M************************** ti************* ***** **************m* M**** ******w
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APPENDIX A. SAMPLE INPUT Sample problem 2 Output Listing

**********************,***** *,**************************** *************** **ti**********w****ti********titiw****** ********h
*********************************** ti******k*********************** ***+***********ti*************4*.**.************.****.****
●

● m Mmre cm.lculatim tide Maine
●

***** ***** ****************************** ***** ****************************************************,***********************
●

☛

●

●

●

●

☛

☛

☛

●

☛

●

●

●

●

●

●

●

●

●

●

☛

☛

☛

☛

☛

☛

☛

●

●

☛

☛

!s 6cuzce fis Src(m) fk SI-c(tll)in &at&z(nr) in Smtter(snl

l.oOCm+oo O.ocm?+oo
i o.cO03wxl

o.oom3+Jx o.0ocm+03
o.03xE+oo

o.wooE+oo

1.mx4wYl
o.co3cE+w -2.7756Ei17

o.ow3E+&l
1.0766E+l

o.OxOs+co -2.n56E-17 1.0766E-01

w sd.f90atter lEtlmk#2 *~, O&scatter rmxtideta.lime

4.cmlE+cQ 8.3871E-01 5.3a4w32
i

1.076@-ol
O.owm?+oo O.owm+o+l

1.-I3

4.0221.EiIxl
o.aYxmcQ 0.00XE+CO

8.3871E-01
O.oam+cu

5.3634)3-02 1.0766?3-91 1.Q65E-13

... — dm.La&n hbr.lmtAal . . .

- of hiSlxXic8, —Cdldatirxl = 253YXI
qm.itimzqixd= 4.070Ei412se.c
m. m. of CdLhiSt . . 4.39

1%%—!RS
*= : $j~y

&—&%i%&%%i$i’iu = 0.9998

—

P@.ck5. y&&&i-&- W&i-It d.ittil-a= 0
~@-W=&e= O:om+ca

th? nEamhdc~wExl o

*e*** *ti**********w* ***** ***** ***** ***** A**** ***** ***** ***** ***** ***** ***** ***** ***** ***** ****4*`tick*********************`
***** ***** **ti****** ***** ***** ***** ***** ***** ***** ***** ***** **ti*********** ***** ***** ***** ***** ***** ***** **********ok*****
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***** ********** ********** ***** *********** ****tic***,**** ***** ***** ***** *m*** ***** ****** *ti************ti
***** ***** ***** ***** ***** ***** w-***, ***-* ***** ***** -**** ***** ***** ***** ***** *ti**,*,*******,* ********
●

●

*
. . . i~ omlL?dStiai@rkI...

***** ***** ***** **** -**** ***** ***** ***** ***** ***** ***** ***** ***** ***-* ***** *-*** ***** ***ti********** ***,*,**
*
*
● ...im~ ~~***
*
●

●
~-

● titRria’1
*

c@ltitylxlte3t au?? ectimteknifualue~
—— —

+ iitl --itezz&im m
●

cOntultil rEE!rhlixil X7 -
(i.e. fkicn

●
====) ~

iitm --i.t.cTati CxXmtkiEnIEe.r L3Tix3a
* ~ _ (i.e: fks.icn emrce) ,ZZX~J

30 ~e3 iIulzra

●

*
~-fl~- 1.om-a3 ka-cthEr-

,
w-

*
●

☛ mit- qlentiwtotest value
*

dzi.a’l$akm ifvalueeiceaa
_——

●

——
oiti-wbxterir +“ W temi.ra@3 ~

● - - diftbsti lzmixA-1.O[s32tie klcw) 1.&003
●

ciXSaI—XXmrmb—mter

● IKte: Glxiyytitii- is fimuy Cuwzgd. win
● terabm prcca% a 3armr ml. .%&%t.camid ,m.sarf itemti.ms.

“,th?valus sb+netme. ~,

*
*
*

- ~ ~t~

● C?iti
●

-Wmti W1.lw
— —

act.imtakmifvelm~
—–

●

●

Oi@ -Cxlteritcraticnolxl.t
w - ~ --1.0 1.C&33

&AhGzH_~—

*
********** ************************ti*******-****** ***** ********,*********-***************-***********
****we********* ******H*** *******w******* ********************************************-*,*****-**-

***** ***** ***** *************w* ***--* ***** ti***,*,******* ***** ***** ***** ***** ***** ***** ***** ***** w****,*ti
***** ***** ***** *,*** ***** ***** ***** *,,,** ****** ****ti*******m* **********************,**-**********************
*
* . .. fll.xad ~mm3g3reasnmitixTd kytwc&mt...
●

***********-*** ***** ***** **** -*** -***, ***** **********+*ti*********** **ti*********** ***** *ti-******, *-***
● ☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛

*W * i-tire nrnitnr****m*********************
*
*
●qmtim?mter
* (5+ m.* “%%%2s =- =- -

San-c’nult.iglI’mMa-l
*410.45 0

fluxda?ge EksciHngecmletg4

●

* ——.
*
● —-itaatia~
●

faratec i.telzltimrm. l—
* iterp2.rmx ELm at
●

* - T 0.%% %%3
●

●

:Cwtilreater
_h

(SEC) rn. im-emab-aprs
=* mFmi.se ~

* 414.65
EclJrcmltip Ialix?a-1

1 9
fluxdlxxle EISS=OmgtKEd

1.0000OWO -1.molXlo 5.644ZIJZ-040.000
.
*
. $$ss$s all ~ criteria S3tisfkd $$$$s$

,~ LaMIn? . o.Owxma tcLalhHsa3J-cUc5m. 9
*
w**** ********************M***************-******- ***** ***** ***** *,*** ***** ***** **-** *,*** ***** ***ti*****
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APPENDIX A. SAMPLE INPUT Sample Problem 2 Output Listing

********** *******************n***.***********************************w*****************************b**** *********A******b*
******************h**********************************************ti**********M+***m****ti********************************h***
●

+ ...aitm Iziricnmit.m ..
●

ti************************************************************** *********************************************4*ti************
●

●

●

●

●

☛

●

☛

●

●

☛

●

●

●

●

☛

☛

●

●

●

●

☛

☛

* ClmzcstfitaxfficimtJ3are:
3.628E-02

-nfhistmde ,Simn 13inkcalcJ3atim= 837S0
qaltATerEqJh3i. 1.070Elo2ae2
~. m. of mU/hiSt .. 3.94

x“—— s-g = g.9&
qm.meae~- ~ 0:9992
W@lt L13.kD2= -6.661E-16

t.&nmdmln hmk N&z-wih3 o

th??itE+m
- in t.kma%%2%?3!!-ki“%%-’II*

* ilxmaum
g. 1 i. 40
g. 2 k= X0 ..

**b*****************************************************************************************M****************************ti
*4******************************************4**k************ *********************ti******************&************b**********

***********k******************+**************+***************************************ti*****************************ti*****h
**h***.***********ti*********************m******"************** ti*M*******-*** ********** ********ti************************
*
● . .. f3.mde&sNalu
*

~a5nmit$xt31 Lyhdat. ..

****k*************n***************************************************ti*********************************ti*******titi********
***** ************************
%& start item&imnmimr*
●***********************M****
●

●

*qxcim-
* [6e2) m.-~
● 522.33 0
*
●

●

●

●

☛

☛

●

●

-- - iticn snmuy Faoixritemticnm. l—

==?’’”%?”0%%: z?%
*
●cp.ltiKeaiter●(Eec)18 d-a&sm. irrEm3
* S26.02

- MlltdpIAixh-1
l.wooocm -1.OWX$WX ?%$%% ==

●

● S$$!j$$all ~ Ccitet-i.aEathfiEd $SSSS
*
: pwticle~= o.CmCm+oo tcta.liIrEzsa31 cUtem= 8

****************************************************************************ti********n*****************n****************
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*****ti**********m** -*-** ***** **** -*** -**** -**ti*******ti* -*********M********-**********
***** ***** ***** ***** ***** ***** *-* M**** ***** -**--- ***-* *ti************ ***********-****M**********
●

*
*

...sitln21.inkntnitur...

***** **+******************************-* *************-* ********** ******************** *****************w****ti**
●

●

●

☛

☛

☛

●

☛

☛

●

●

●

●

●

☛

☛

●

☛

●

☛

●

●

●

☛

●

t& fit- in t&~ miIyf2.uxis;.S
the fit-titkmlmnc— Is

g=l i= 39
g= o k= O

tk CmrEsx fit0x2ffi* are:
4.892!3-022.855E-03

rlsbrofhistdes ,Sin-n 2Linkcalculatim= 11125
c@tim KqlirTd: 1.445J?+olsec
m. m. of cOUnust =, 4.02

%%—-== : ~:~

=—%A = 3.1-25 “

=s=- o.a&-&w - @t@.
W21ghtI.ms= 0.000E02

o

********** -**** ***** ***** *****, *******ti*******,,** ********,* *******,**,**,*,**********************,***********
******-**** **ti-********** ***** **,ti*-******** ******,-** ***** ***** *******ti*********** ****************
**************** ***** ********** ***** ***** **w-* *w*-* *********w-**************-*******************-**-
***ti********** ***** ***** ***,*, ***** ***** *ti***-*****--* *ti-*-********* ***-* ***** ***** *-**-*-
●

* . .. fkxad
●

~~atiw Iyhakmt...

******H*** ***** ***** ***-* ***** **-** ***** ***ti********-* **ti*******-w*-* **** -***-wow**-****
●**************************
‘~ Sart itemticn e~ .
●** ●****************,*******
●

☛

*qutireaite.r aiffush
● (s32) m. iIrEm S.ixlltesz+s- mltip l?slia-1

=- -- -

● 541.18
tlux- tidlqleanv+xgd

o
*
*
●

* -- - itGrat-icrlRmmKy far~i~tim. l—
●

● iter~mxfltrx at
*
* q?~dw

0.66E03 25. 40
*
●

●qxlt.inEcxiter diffwim
* (-) m. - Eiim&5 - nultipIimixh-1
● 544.78 1 7 l.mo@Xno -1.000WE+OO %% %=+
.
● s$$$$$d—lcm=9==
●

CIitda Saisfid $s$s$$

; mztidekdaxe= 0.03CcIOlM0 tctal”—al.10JLeJS. 7

m-*** ti**********************************ti************* ***w* ********,*****ti*-*********************,***
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4**** ***** ***** ***** ***** ***** ***** ***** ***** H**** ***** ***** ***`ti*ti* ***** ***** ***** ***** ***** *k*** ***** ***** ****, **b****
**h** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ****ti****n******
●

●

●

...si.tm3LMcnmitcar...

**h*********************k************w** ti****w**************************w****H****wti**m, ******************4*********
●

☛

☛

☛

☛

●

☛

●

☛

☛

●

☛

●

●

●

●

●

●

☛

●

●

●

☛

●

☛

the fit-in theimnd?glxlxxbq 51.Xis3.lsE42
the fitermr intimtomacmre IS

g=l”3g
o.Cm@o g. o i:

th301mEt fitadfici-m
5.35S5-02 4.663E-03 2.83ZE-04

th31mxilN0ti~w o

tky_--$tlE_ixllx?q flu.cis9.241H2 g. 1 i= 38
—ls 1.29E-CJ1 g. 2 k= 2WI

******************** ***** *********H**** ***** ***** ****, **ti*********** ******************************** ●******************
*h*** ***** ***** ***** ***** ***** ti************* ***** ***** ***** ***** ***** ***** ***w* ***** ***** ***** ***** *,*** ***** *ti************

************ti************************************ ***ti********** *************** ***** ***** ***** ti****ti** **,***********●☛

☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛☛☛☛▼❉☛☛☛☛☛☛ ***w* **** b**** ***** ***** ***** ***ti********** ***** **, **w** ti, ***** **, ***** ***** ***** ***** ****, *,*h
*
● . .. fl.uxzd agmmlN20nmwRreasnmitcxd kytxxkt...
*
*k*** n**** *w*** ***** ***** ** H*k************ **m** ***** **ti*********m* *,*** ***** ****ti********* **************************
***** **+** ******H**********
*sta2titeratim mnit0r*
●****************************

*
●

☛

☛

ikr~mx flux at

w’ 57’0.233 25?0

*
*qmtim Ox.er diffmim —
* (6CC) I-f. irry S.buJk3
* 556.25

- mlt@ ImSxX1-1
1.oom3m2 -1.CmCKmoo

~BS ~S +

●

●

☛
$$s$s$al.l~cdx=a “ Eati8fid$$$s$$

: Wti.detabre= o. LmoxEMo tdA. irrY333A1.aLem= 6

**************************************************,-**** *****************M************************`******.*************,,**
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M**** ***** ***** ti************* *** M**** ***** ***** **** MM*** *************************************M*-*****
w**** ***** ***** ***** Mtim**********n* ***** ***** ***** *ti-*********** ************************************
*
● ...sitm 41irlkmrlitar...
*
*****************ti*********** *******,********* M****ti*************************Ma************* ****n***********
*
●

☛

☛

☛

●

●

●

●

●

●

●

☛

●

●

●

☛

●

●

●

●

☛

☛

●

☛

t&Eit-inthe.tom2RsL”m’i%%% ::: ;= 4:Ihfit-int&i Immina

th alrzT3tfit02efizicicrxsare:
5.534!3-025.%95+03 5.315E-043.I.52E-05

*w*** ***** ***** ***** ***** ****** ***** ***** ti*********m*** *ti-*********** ***** ***-* ***w* ************M***
**-** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ti************* -************

**** M**** ***** ***** w**** ***** ***** ***** ***** ***** ***** ***** -**** ***** *-*** ***** ***** ***** ***** ****ti****
***** *,*** ***** ***** ***** ***** ***w* ***ti***ti***ti* ***** ***** ***********w-*********-**-*********-**********
●

●

*
. ..lluxcaxi ‘=9=’=J====x?==sdm kyc.dat...

****ti********* **-** ********** ***** **********-**** *****-**** ***********ti-***ti****** *****************
***** ***,******************
* Q2rt i-ticn nmitar ●
*-*****,******-*********
*
*
●cp.ltim2alt.er diffusim
* (s32)

=- w=- -
m.imxmsb—stem

* 564.63
- Imlt.ipIalix3-1 flux- fl.ssd—iugearnezgd

o
●

*
●

● —irmritaatimsnmary
●

forate.ritemtimm. l—

*
●

●

●

-=%Fo%i% 2!%0

●

*Lp.lt.immter
~ti

* (S@ Iyim.xabmters
● 567.0) 5 l.oiloOOIXCI-1.oocom+oo T%%% %=+

- mlltip.1albsa-1
o

*
*
●

S$ss a- =nww=ce criteriamad $$$.$$$

***** ****ti***ti**ti* ***********-*** ***** ***** -**** ***** ti************M-* **********************************
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*********k********n*******************************************************************************R**b***************k**&*****
************ti**********w****ti***************w*********************** ****************A********#,***ti****ti************
*
* ...aitm Slhklltniti ..
●

**********************************************************n**************************************&*****ti******************.
● tl-efit-inttx?irmniru bxxlary his 8.92E-04 g. 1 i=. 47
: thfitemtx ilthemtommlme u 0.CKJWY3 g. o k= O

● the@JrxErxEit~ are:
● 5.EUXH22 5.99@Hf3 6.890S-04 6.611E-05
●

●

● thei.temtim-iltk
~ * ~ is :.;3~

g. 1 i= 38
● thitemd merzuintim tom snzme2s g. 2
*

k= 2@0

***************************k****k*************************************************************************hti***********k**
***********************************m**** ******K****************************************************************************n

***** ******************** ********** *************** ***** **********no*********************k********4****+***********b******
******************w************************************ *******w*******wn**********-** ***** *Rn**********************k
.
●

✎✎✎f7.uxtuKl&gEndu? c~. a!)mnitadkytuxkrt. ..
●

*****ti*****w** ***** ***** ***** **titi**** ***** *w*n*****ti**** ***** ***n* ***** ***** ***** w**** ***** ***** ****&**4**************
●******************.**********
+=y Starti-htiti’
●** ●************************
*
●

y. irxEm “XaE9:qxtimate.r =- n=- -
(S@

● 567.22
- ml.ltipIa&L1-1 flmdmv? I%s&q3e~

●

* —_——— —
●

● —-i.tE2at.ialanmxy. for-itetatimm. l—
●

●

●

☛

●

iterp2rmJx flu% at
yczwmti

5 0.75-03 22, 40
2 9 0.85-03 6, 39

*
●qY.llAm*

am

● (S32) y.~y sulrculrctlmtxh-l
* 573.33 0m20E+m ?%%%% ==
*
● .s$$$$ d-l amwxwn= Critetiaeatidied SS%S.

ti****ti***. ********** *ti******** ***** ***** **-** ************************* n**** ***** *ti******* b********ti***ti***khk*******
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**ti*********** *********, ********** *********w* ***** *********************************M*************,*
***** *ti*-*-ti****** ***** ***** *ti*,**-***-*** ***** ***** ****ti****Hti-* ti*w*********** *-****
*
● ...simn 61.inkrrmitOr...
*
************ti*********************-**** ********** ***************************-**-*******-***,-*********
●

● th?fit-htk?iXmirxJ tn.rxq Elm is ;:;+
● lhfit-int. ksltom— Is

g.1 i. 47

●

g= o k= O

* tlk?cla?xrtfitax?fficimtsare:
● 5.650E42 6.328!s-038.580E~ 1.214E-04
*
● th2itemticn -int.b2cut@ng bmd3ryfZLm isl.53.E-05
● tiitetak-intimtn .5nsxzm2L5

g=l”
2.59%05

*
~= 2 ;: z%

***** ********** *************ti***-****** ***** ***** ***** ***** ***** *,************, ***,****** ***** *,*******ti
***** **M**** ***** ***** ***** ***** -**** ***,* ***** ***** *ti*****-***-*w **************************

***** **ti*****-***** ********** -**-* ******************** ********** ****ti****ti*** ***** ***** **** H**w*w
***** ** M**** ***** ***** **,** **** -**** ***** **ti*********** *-** M**** ***** ***** ***** ***** ***** *ti**********
●

*
●

. . . mnteaarlo regim~cletalame . . .

***** -w*** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** **"*** **ti******,***, *********************
*
● m —
.

al— fi.m.blm K!t_ldcqe

* 1 1.0000EWX o.ocm3+Oo
* 2

0.CCXXS7A0 7.5904EM1
0.0000EWM o.CKmEICo

a.mmz-m
0.CWG3+O0

●

o.CmoE+oo
1.0000E+M O.omw

o.@mE+oo
O.COW?S+OO

●

7.5904W01 8.0316E02

*
* w in Seater EeLfscatta cut sawer particle Ia3iime
●

* 1 o.000oE+m 6.0237E+o0 1.6061E-02
* 2 -1.52382-17

3.0393.!345
o.CmoEtm 0.000m+m

* -1.5238E-17
0.0W21WX

6.0237!340 1.60615i02. 3.0391.E45
●

● ☛☛☛☛☛ ☛☛☛☛☛ ☛☛☛☛☛ ☛☛☛☛☛ ***ti******ww***** Maw************ ***w* **w** ***** ***** **ww*-**,ti*w** ****w******
***** ***** **-** ***** -we***********-, **ti*****ti**** *-*** ***** ****, **,** **,** ***** *ti**-********* -***-

***** ***-* wti**-ti****, *,**, ***** ***-* **** --*** ***** ***** *ti************, *****************************,*
***** ***** *-*** ***** ****w-* ***** ***** ***** ***** ***** **-w* w**w*********** ***-w* ****ti********* *****
●

* mz-Iu411eaka@s
*
***** ***** ***** ********** ***-* **w** *H*** **,** ***** ***** ***** ***** ***** **ti*-******ti* --*** ***ti
●

*
●

ti~
●

☛ l?~d 2?29WE-O; 0!CCooEA
* 0.01.91 0.0452 0.0000
*

●

● 1:38.16Eo;9%24 0:d
● O.Ml@ 0.0056 O.cooo
*
● m~*
●

* l%477d
● 0.0009
*
*
*
● 1
● O:orx
● o.c._
*

00EI.06
mm

******************** *w**** ***** ***** ***** ***** **-*** ***** *,*********,**********************-************
***** ***** ***** ***** ***** ***** ***** *w*** ***** **ti*********** ***** w***w********** ***************************

***** ******************** ********** **-ti********** *********ti********* ***w* ***** ***** ***** ***** ***** ***** *******ti
***** ***** ***** *-*---* **-** ***** ***** ***** -**** ***** ***** ***** ***** ***** *****, ***** **,** ***** ***ti*ti**
●

●

●

tmcksc&ering(— IrEsl-1,ml Ca.k)

********** ******ti***-******** ****-**** ********** *-** -**** ***** **********ti***********************-
●

☛ i
52s0+ i

2i
●

3
1 152294 0

.
-**** -**** *****,******-*w* **-ti*-****,*** *****, ***** ***** ****ti******M*-* *******M******,****
***** w***** ***,* ***** ****, *,*,* **** -**** ***** ***** ***** ***** ***** ***-* ***ti********** **************
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w***********4******* ********** ***ti****************ti****ti******* ***** *******************************************b****,,*
n**** n**** ******************** ***** ***** ***********************-* ***** ***************k`**bin****************,*******
●

●

●
...-dit.a~wxlc~?...

******************** ***********,******,***** ***************************ti***************************************ti, ***,****,**
●

*
● . ..title-- smplemhm~fcu-~user,s m
●

. . .
*
*
+
●☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛

%?j Sarttakretahle *
●*****W**** *****W**********
*
●

● m .501rce
●

● l.cmmxE+m
● i o.03mmE+m
●

● tct l.cmccmwo
●

●

●

● (EJ i
●

. ..E?@tmkd1’mz3 ulh3a9... (mltrclE Q)

Li59im — in Smtter self stter at SKatter

o.cowxmo3 -2.2Z044S3E-16 1.~8145S3+Ol
o.ooWXmXm 4.la5716E-m

4.ltnmai-m
2.199735FJ3tCo 22304WBIS

o.@xoxmxo 4.163571501 1.m83J91EMl 4.1635-n6EXl

tie ~ Kightleakag!?t. . -11- a-
● 1 2.09189~ 1.8W54936YH5
●

9.49934aWo3 9.499340eE43
2 3.9Ca4251Eol -1.31266UE—07 8.5M637SX!4

2.0443e4CEs-02
8.546637Ss-04 8.GW6648E-04

●

● tot 5.9903179E-ol
●

*
*
● m left-
●

● 1 o.CmCmm+m
● 2 o.CwWom+m
●

● tcc o.mXmCEW3
*

1.27CW358E-C5 1.0354m5E—m 1.0354CXEW2 2.1312m6E42

kcttml* XpxX3s@dxull

3.4549233H1 o.o@WCmXm
2.3792369E-02 O.owmom+m

3.692847~-M o.@XmmXoo

rk?t3m192e

3.7543551E-01
2.5514699FX2

4.0095U23E41

H2%%R%

3.905962m

**************************************** ********** ********w************************************h******* M**** ***** **h*** e**

?BJlxln

rEutrul

nwtzu’1

raltxcn

mutxul

rxatrul

l.oumxoEm
O.owoimwx
4.laSnml
1.8WJ.93.E+O1
4.lWim5W31
4.m95J323rH)l
5.9W3179E+1
1.035400SZ-02
1.035WXJH2
2.133.MX?H2
3.905962aH31
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****-**** ***** ********** ***** ***** ******,*w***ti****** *************,****************************************
****-**** ***** ***-* ***********,******** ***w*************,***********-**-***-*******,*******************
****-***-*************-****
*kq’ start mnEs.hh2arxxs ****** *****,********-*******
●

*
● &f.initim:
*
● takan2. 1.0 -

_ + ~t + a’j-(kft) + a’j+(zight)+ a’j-btt.m) + a*j+(tcp)
—— — ——

*
—— ——.

●
Ma + q(~~) + -t + a’j+(=) + a’j-(ri.cht)+ a’j+(bt~ + a’j-(tcp)

● tie: )mn3ary
*

—araimlwinti ~

***** **,******,********w*************
* * WhEt.ric

maxw2msh Lalammf0rgIUQmm ~ 1 ●********ygy_******** ***********-*-ti*-
cXlt.-

* (ijj)fbd SJ.ZUS _
eff~- leftj+ H- j+ titan j- @ci.e

● 1 1 o.oCCaE+ooo.0000E+co0.%%% O.%%& O.COCCIXO o.omoE+oU
akm@lmtiaIEatirH armtimsareatimsama bl.area

0.0003E+O0O.OCWE+OO 1.CUOOE+CO1.3818E412.7917E-32
* 2 1 O.L!OLME+OOO.OCOOE+OO0.C?2CKBO01.6063E01 8.0316E-028.03161H21.74C0.E+W8.9445EOl 0.WJ2E+O0 9.8726E-021.0743E-05
● 3 1 0.00W0 0.0030E+O0O.CWOEWIO 2.5575E4l 1.2787E011.2787E-011.047_7E+C05.441SSiOlO.COXE+OO 1.0859E41-6.1885E-06
*41
*12

9.4993E-03-3.4694E-18

● 22
1.6261E-02O.COOOEXO
2.2989EN3 O.COCOE+CO

’32 1.8843E-03O.OWOE+W
: tcta.10.0200wO0O.OWOE+OO O.OCOOWOO 4.1636E-012.0919EX12.0829EX1O.mCOE+OO O.OWXWO 1.COOOE+OO3.4549E-011.LM55E-05

●
9.4993E43-3.4694E-182.0444!s-020.00CUE+OO

***** ********tic********************,**

● nk41mhEt2—1
axirsemshlnlaxei

“c f.kim * cut-
* (ijj] ~— — 9Liltter
* 1 1 0.00WIE+03o.omcE+oo o.(xmE+co 0.%%%0 o. Lxomco
* 2 10. OWOEA.LX0.000CWOO1.6061E-01-6.4643E-171.281OE-O1
* 3 1 O.0~ O.COOOE+OO2.5575EOl3.2412E-162.6275E-01
*41
*12
*22
*32
* totalO.OCCOEWI O.CWXJE+OO4.1636E012.5948E-163.9084E41
●

●

forgrU@ 2 *********************-*********,****,****
effect+ve leftj+ leftj- tcttm j+ titan j-
ah5c@Xn-areat.ims arEatimsam3timS - e
0.00JOE@30.00C0E+CO0.0CKXE2WCO.COOOE+OO8.5278E-034.4409G16
1.281OE4315.9699E-026.8774E-020.0000E+@I6.2S8!S-03-5.2903.!S47
2.6275E-017.9703E42 6.267S02 O.COXE+CO 9.000IE-031.53372-06

8.5466E-04-2.1684E-39
5.4720E-040.COCF3E+W3
1.4968E-04O.OiiEM@
1.7103EJ24O.coti

3.9084E-010.00C0E+OO0.0~CE@3 O.CCQOE+OO2.3792E-028.60022-07
8.5466E04-2.15L3.W198.679UE-040.COCOE@3

● ☛☛☛☛☛ ☛☛☛☛☛✌ ☛✌✍▼❉☛☛☛☛☛✌☞☛☛☛ ☛☛✌✌ —ne4’1klzaxEs 5umEdm6r
* mahuimEtnc

● ***************---***,**********.,

* (ijj) fLu3i6aKcs _
effe~ _w? @ft j- ~ti~ __n =

● I 10.0W12E4X0..= 0.%%%3 O.%g& %%%% -O.00UB32 O.OIXIW I.COOOE+CQ1.4673.EoI2.6938Ei12
* 2 1 O.COCOE+OO0.02W0 l.~1 1.5WI.E-012.084HH1 2.W43E-01 1.7997E+O09.6323E-010.IXH20E+C01.04991Hl 9.5W5E-06
* 3 1 0.00@XH300.CW47E+W 2.5575E-012.5575E-013.9062E-013.9M2E-011.1274E+O06.0683E010.0200E+O01.1759E-01-4.3206E-C6
● 41 1.0354E-02-3.6863E-18
● 12 1.6W8E42 O.0000E+02
● 22
● 32

2.4485E-030.0000E+OO
2.0552.E-03o.ooueE+oo

● tcf.alO.000X+OO O.0CXXEWX34.1Q6E01 4.1636W01 5.5903E-015.9903E-01O.00CJ3E+C00.00W%OO 1.0000E+oO3.6928E-011.3000!3-05
● 1.0354E-02-3.6~18 2.131Z2-020.00D3E+O0
●

*
●

✎✎✎❞ filertflm wittkn..
*
*
* ...imxdax? file— Kcittm. .

tuczbrtitetat.icn*, b 9.563JE+O0
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w**** ***** ***** ***** ***** ***** ***** ***** ***** ***** **w** ***** ***** ***** ***** **********************,***************,******
***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** *ti********** ********************`*****
●

*
● nmhi#@tts
● ****************&***********
%ystartmh@3iti ●
***** ************************
● ●************************************
* ● *
● ●

*
allnuille smetcftiltivdyqm *

●

●
~ * gea& mgicsl. ●

* . -Se2!aaE ●

● ●

*
Imeri&e mi+ilwfikst+rl. ;*

●
irterke=eagiatwnt.ten

● ~ Eik8
●

lnxx.s,~ w’ittm. ●
*

●
13.3.e*S. :

●

●
.3ntnrdJ3.e~

●
● ~_&&i edit Ca2dseI&t. *
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APPENDIX B: OPERATING SYSTEM SPECIFICS

UNIWUNICOS Execution

On UNIX or UNICOS systems, the input is on STDIN and the printed output is on STD-
OUT. Thus, the user will normally cause execution of the program with the command:

dant.x < odninp > odnout

where dant.x is the name of the executable file, odninp is the user’s choice for a name
for the input file, and odnout is the user’s named output file. Whoever forms the
executable names the executable file. The name customarily used is dant.x.

STDERR contains a summary of the problem as it executes and, by default, is sent to the
terminal screen. Also included on STDERR are any error messages.
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Library Search Path

Most files read or written by TWODANT are in the current UNIX working directory.
Some forms of cross-section files maybe kept in other directories. By setting the envi-
ronment variable SNXSPATH, the user may specify an ordered set of alternate directo-
ries in which the program should look for the named files. As an example, if an ISOTXS
file is in the directory, /usr/txnp/xs, then the following command can be used

setenv SNXSPATH /u8r/txnp/xs

and TWODANT will then look in that named directory for the library. The search path
for each of the possible libraries is given in Table 3.2.

Table 3.2 UNIX Search Path

LIB SEARCH PATH

MACRXS Current Working Directory (CWD).

GRUPXS

ISOTXS

BXSLIB

oDm

MACBCD

XSLI13B

MENIY?

MENDFGb

XSLIB

other

SNXSPATH, then CWD. I
SNXSPATH, then CWD.

SNXSPATH, then CWD, but see text below.

None, the library is contained in the input file.

CWD

CWD I
Path defined in the code on UNICOS. MENDF binaries
are unavailable for SUN.

SNXSPATH, then CWD

For any name other than those above, the program will
assume the form is XSLIB and search for it in SNXS -
PATH, then CWD.

a. Available only at Los Alamos.

b. Available only at Los Akmos.

SNXSPATH can be used to protect an input BXSLIB file from being overwritten. See the
discussion on page 3-40.
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LNTRODUC1’ION

e INTRODUCTION

The TWODANT/GQ code package is a modular computer program designed to solve
the two-dimensional, time-independent, multigroup discrete-ordinates form of the Bolt-
zmann transport equation*’2 on a generalized quadrilateral mesh.

TWODANT/GQ is based on the modular construction of the DANTSYSW package.
This modular construction separates the input processing, the transport equation solving,
and the postprocessing, or edit functions, into distinct, independently executable code
modules, the INPUT, SOLVER, and EDIT modules, respectively. These modules are
connected to one another solely by means of binary interface files. The INPUT module
and, to a lesser degree, the EDIT module are general in nature and are designed to be
standardized modules used by all the codes in the package. With these modules, produc-
tion codes with different solution techniques are invoked simply by executing different
SOLVER modules in the package. This SOLVER choice is automatically made by the
package through an analysis of the input stream.

The TWODANT/GQ code is then simply the DANTSYS package with a two-dimens-
ional SOLVER module with the capability of handling a generalized quadrilateral
mesh.

Some of the major features included in the DANTSYS package are:

1.

2.

3.

4.

5.

6.

7.

8.

a free-field format ASCII text input capability, designed with the user in mind,

standardized data and file management techniques as defined3 and developed by
the Committee on Computer Code Coordination (CCCC); both sequential file
and random-access file handling techniques are used,

the use of a diffusion synthetic acceleration scheme4 to accelerate the iterative
process in the SOLVER module,

direct (forward) or adjoint calculational capability,

x-y and r-z geometry options,

arbitrary anisotropic scattering order,

vacuum, reflective, periodic, translational, rotational, white, or surface source
boundary condition options on arbitrary faces,

inhomogeneous (fixed) source or Iqfi calculation options, as well as time-absorp-
tion (alpha) and nuclide concentration search options

DANTSYS and TWODANT/GQ are trademarks of the Regents of the University of California,
Los Alamos National Laboratory.
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9.

10.

11.

12.

13.

“diamond-differencing” for solution of the transport equation,

a difision solver that uses the multigrid method,s

user flexibility in using either ASCII text or sequential file input,

user flexibility in controlling the execution of both modules and submodules,

extensive, user-oriented error diagnostics.

and
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DOCUMENTATION FOR TWODANT/GQ USAGE

The documentation described here constitutes a complete manual for the use of the
TWODANTIGQ code.

Included are two general categories of information. The first category is in this User’s
Guide and is oriented towards preparing input to the code. The second category is of a
background, reference, conceptual, or theoretical nature and is intended primarily for the
novice or first time user; an experienced user generally needs only this User’s Guide.

What Is In This User’s Guide

This User’s Guide is a chapter from the much larger DANTSYS document. This Guide
provides the ASCII text input specifications for TWODANT/GQ.

The guide is intended to serve as a complete input manual for two classes of user. Spe-
cial, succinct sections containing summaries and compact tables are intended for the
advanced user in order to make his input preparation more efficient. The main body of
the guide concerns itself with descriptions of the input and should be sticient for the
user familiar with discrete ordinates concepts. Novice users may find other chapters of
the document necessary.

This Guide first gives an overview of the input block order required by the code.

Next is a “mini-manual” in which are listed all the names of available input arrays
arranged by input block. Definitions of input arrays are not given, as the names are sug-
gestive, but expected types and sizes are provided. This mini-manual is very usefid to
the user as a quick check for completeness, a quick reference to type and size, and as an
index into the more detailed array descriptions that follow. For the experienced user, the
mini-manual is frequently all that is needed to prepare a complete input deck.

Following the mini-manual are reference sections describing in detail all the input
parameters and arrays.

Appendix A provides a sample TWODANT/GQ case with model, input, and output
descriptions.

Lastly, Appendix B details operating system specifics, including how to effect an execu-
tion of the code.

Information of a reference, background, or theoretical nature that the first time user may
need may not be found in this User’s Guide, but the user will encounter liberal refer-
ences to other chapters of this document for that sort of information.
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What Is Available Elsewhere

In addition to this User’s Guide, the user, especially the first time user, may find the
information below described in other chapters of this document pertinent. For even
greater detail on some of the general items, particularly the methods items, the user
should look at Ref. 6.

The chapter “DETAILS OF THE BLOCK-I, GEOMETRY, AND SOLVER INPUT”
starting on page 7-1 discusses in more detail the geometry and solver concepts and their
related input. If the User’s Guide proves insufficient for your needs, look in this chapter.
Among the many sections of the chapter are ones on the input of inhomogencous
sources and a discussion of eigenvalue searches. There is also more detail on the Block-I
input.

A discussion of how the EDIT module works and more detail on preparing the input is
given in the chapter “RUNNING THE EDIT MODULE” starting on page 8-1.

The chapter “FREE FIELD INPUT REFERENCE” starting on page 9-1 serves as the
reference manual for the free-field input (rules, format, and operators) used in this code.
That chapter is summarized in this guide, but should the summary prove inadequate, the
user is referred there for full details.

The chapter “CROSS-SECTION LIBIL4RIES” starting on page 10-1 gives details of
the many library formats available to TWODANT/GQ, including sections on how to
prepare your own card-image (or text) libraries.

The chapter “MATERIAL MIXING TUTORIAL” starting on page 11-1 describes the
mixing concepts in detail and shows some examples.

Next is the chapter “ONEDANT, TWODANT, TWOHEX, TWODANT/GQ, and
THREEDANT — Methods Manual” starting on page 12-1. That chapter describes the
theoretical basis for the TWODANT/GQ code as well as the other codes in the DANT-
SYS package.

In the chapter “ONEDANT, TWODANT, TWOHEX, TWODANT/GQ, and THREED-
ANT — Code Structure” starting on page 13-1 is shown a brief overview of the code
package. Included are sections on programming practices and standards, code package
structure, and functional descriptions of the three principal modules comprising the
package. In particular, the code package structure must be understood in order to make
up input for piecewise executions of the code that are possible with controls that are part
of the input in BIock-I.

Error diagnostics that the user might encounter are found in the chapter “ERROR MES-
SAGES” starting on page 14-1. Several examples of input errors and the resulting error
messages are provided for the user.

The chapter “FILE DESCRIPTIONS” starting on page 15-1 is a reference that describes
all the files used by the package. Included is a detailed description of the fiIe structure of
the code dependent, binary, sequential interface files generated by and used in the
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DANTSYS package. Also included are descriptions of any other files produced or used
by the package, both binary and text. In some cases, this may simply be a reference to a
more comprehensive document, such as the file descriptions for the CCCC standard
interface files.
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GEOMETRY CONCEPTS

Discrete ordinates codes commonly use a rectilinear mesh, that is, one in which every
mesh interval is a rectangle. It follows that every intenor node or mesh vertex is con-
nected to four other nodes and only on the periphery of the mesh may there be two or
three node connectivity.

TWODANT/GQ uses a generalized quadrilateral mesh that has the same connectivity
features as the rectilinear mesh, but relaxes the restriction that each mesh interval must
be a rectangle, thus allowing nonvertical and nonhorizontal lines. This allows the user
to much more accurately model complex geometries.

TWODANT/GQ also allows the user to construct an elaborate geometry from smaller
pieces. As a simple example, one could specify the mesh for a lattice cell and then spec-
ify many invocations of this cell to form the mesh for a complete lattice assembly. The
mesh for such a lattice cell is termed a “submesh.”

Submeshes are combined to make the complete mesh by tiling. For TWODANT/GQ,
there must be no gaps between submeshes in the full mesh nor other holes of any kind in
the full mesh, and vertexes must match on the interfaces between submeshes.

For a complete geometry description, one needs to specify not only the submeshes but
also their content and how they fit together. Consider the following definitions of geo-
metric entities, after which we shall present examples of each as we construct a compos-
ite geometry.

Definition:

Deftition:

Deftition:

Deftition:

Deftition:

Deftition:

A submesh is a purely geometric construct of vertexes and the
connecting edges that define mesh intervals. It contains no materials as
yet.

A zoning is the specification of a zone number for each of the intervals
in a submesh. The zone numbers will later be correlated with materials.

An object is a submesh with content, that is, a submesh together with
a zoning (loading).

A component is a composite of one or more objects, each of which has
position and orientation.

The geometry is a composite of one or more components (or objects)
that describe the problem solution domain. Only the components
described in the geometry are included in the solution domain.

A boundary condition description is the specification of a boundary
segment together with the boundary condition applying upon it.
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Submeshes

Some examples of submeshes that can be described by the TWODANT/GQ input are
shown in Figure 4.1. Notice that each of these submeshes is logically rectangular, that is,
it is formed from an m by n array of verticies. Also notice that each mesh interval is a
quadrilateral.

Figure 4.1 Submesh Examples
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Objects

The zone number must be specified for each of the mesh intervals in the submesh. This
logically rectangular m-1 by n-1 array of integers is termed a zoning; m and n are the
number of verticies in, respectively, the x and y directions. Later, materials will be asso-
ciated with each of the zone numbers, thus producing a submesh with material content.
The combination of a submesh together with a suitable zoning is termed an object.

Three objects formed from two of the submeshes from above are shown in Figure 4.2.
In the objects, different zones are shown with different shading. Notice that the same
submesh can be used with two different zonings to produce two different objeets.

Figure 4.2 Examples of Objects
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Components

Objects may combined together to form a component by specifying each object and its
orientation and position with respect to the other objects in the component. A compo-
nent formed from three instances of one of the obiects shown above together with a sin-
gle instance of another of the objects is shown in Figure 4.3.

Figure 4.3 A Component Formed from Four Objects

Geometry

Finally, components and/or objects may be combined together to form the geometry. In
Figure 4.4, we show the final geometry of a hypothetical seven subassembly space reac-
tor. It is composed of the component formed above combined with three instances of
one of the objects previously shown.
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Figure 4.4 The Final Geometry

Another way to form this same geometry would be to skip the component definition step
and specify all seven objects in the geometry specification. The geometry is really th~
highest level component in the formation tree but has the distinction of defining the
problem solution domain. We chose, in our example here, to describe a separate compo-
nent to illustrate the definition of a component as distinct from the geometry and to dem-
onstrate that components can be nested within the formation tree.

Boundary Conditions
a

Boundary conditions may be specified in one of two ways. If the final geometry has the
property of having a logically rectangular m by n mesh, that is, it has n rows of m mesh
intervals and thus has (logical) left, right, top, and bottom edges, then one can specify
the boundary condition along each of the logical edges.

In a more complex final geometry such as the one we have shown in Figure 4.4 (which
is not logically rectangular), we have two alternatives. If there is vacuum all around, we
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need do nothing as the code will default to vacuum. Otherwise, we must specify in
detail what the boundary condition is all along the periphery of the final geometry.

Specifying the boundary condition applying on the periphery of a complex final geome-
try consists of specifying portions of the periphery, called boundary segments, together
with the condition applying along each of those segments.

Figure 4.5 shows an example of a boundary segment running along the periphery of the
geometry from vertex A to vertex B. It is shown slightly offset from the true periphery
for illustrations purposes only. We specify the segment by specifying the coordinates of
the vertices A and B. We need not specify any of the points in between.

Boundary segments have sense such that in traveling along the periphery from A to B,
the interior is on the left and the exterior is on the right. In specifying the boundary seg-
men~ we must thus specify point A first and then point B. If we wem to specify B first,
then the segment being described would not be the one shown in the figure, but rather
the rest of the periphery, that is, that portion starting at B and continuing around the
periphery in a coun~r clockwise direction until arriving at point A.

Figure 4.5 Example of a Boundary Segment
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● TWODANT/GQ INPUT OVERVIEW

Input Block Order

The full TWODANT/GQ input consists of a title line section, followed by six blocks of
free field input. The title line section is not free field, Any input referred to as a block
uses the free field input form.

Block-I consists of basic control and dimensional information that allows efficient pack-
ing of the array data. This information also allows checking of the lengths of arrays sup-
plied in subsequent blocks or those from interface files.

Block-11 contains the geometric information.

Block-111 consists of the nuclear data specifications.

Block-IV contains mixing information.

Block-V contains the rest of the input needed for specifying the flux calculation.

And lastly, Block-VI contains the edit (i.e., report writing) specifications.

If a text cross-section library is to be included in the input deck, it should be placed
between Blocks III and IV. TWODANT/GQ supports many library formats, and so the
library may or may not be in free field format depending upon the option chosen.

A full input would then look like that diagramed on the following page.
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Title Line(s)

f

Block-I
(Controls and Dims)

T

(’Text cross sections
(optional)

Block-IV
(Mixing)

T

(
Block-V
(Solver Lnput)

T

UEd
Figure 4.6 TWODANT/GQ Input Order
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Free Field Input Summary

The chapter “FREE FIELD INPUT REFERENCE” starting on page 9-1 is summarized
here for quick reference.

There are four basic input quantities in the free field input used in ONED~, they are
ARRAY, DATA ITEM, BLOCK, and STRING. Each of these is briefly described
below along with the concept of an input operator.

The “Array” is the most basic concept in the input. Data are given to the code by placing
data items in an “Array.” To make an input to an array, one simply spells out the array
name, appends an equal sign, and follows that with the data items to be entered into the
array. For example, input for the x distribution of the volumetric source, for which the
unique array name is SOURCX, might look like:

SOURCX= OOO1.11,1OOOOO

The above input would enter source values of zero for the fist three intervals, 1.1 for the
next 2 intervals, and then 1111the rest of the ten positions in the array with zero.

Data items within an array are separated by blanks or commas. In general, blanks may
be used freely throughout except within a data item, within an array name, or between
an array name and its equal sign.

Single value input variables are treated as arrays of unit length.

Numeric Data Items

Numeric data items follow a Fortran input convention. For example, all of the following
are valid entries for the number ten:

10, 1.0+1, lE1, 10.0

If a decimal point is not entered, it is assumed to be after the right-most digit.

Some arrays expect integer values for input. For such arrays, any input values contain-
ing a decimal point will be truncated.

Character Data Items

Character data items follow a Fortran variable name convention in that they are com-
posed of up to eight characters, the first of which must be alphabetic with the rest alpha-
numeric. However, special characters and blanks may be included if the data item is
surrounded by double quotes. Operators may NOT be used with character data items.
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Arrays are entered in groups called blocks. A block consists of one or more arrays (in
any order) followed by the single character T. Thus T is the block delimiter.

-

Arrays may need to be entered in smaller pieces called strings. Strings are delimited
with a semicolon(;). When there is matrix or other 2-d input, strings are frequently used
to input information by row rather than for the whole 2-d array at once. The code dic-
tates this, the user has no choice. The user is made aware of which arrays require string
input through use of a certain notation, described later, in the input array descriptions.

A slash (/) maybe used to enter comments in the input stream. After a slash is read, no
further processing of that card-image is done.

@@3@2E5

Several data operators are available to simplify the input.

The data operators are specified in the general form

nO d

where:

n is the “data numerator,” either an integer or a blank;
O is any one of the “data operator” characters shown below; and
d is a “data entry” (may be blank for some operators).

Note: The “data operator” character must be appended to the “data numerator.”

Using operators, the SOURCX input described above could more succinctly be given as:

SOURCX=OO02R 1.1 FO

Note that the operators for FIDO-like repeat and fill were used and were appended
directly to the data numerator. In general, all the FID07 operators may be used in
numeric entry.

A table of the most used
descriptions of these and
more esoteric ones, the
page 9-13.

operators is given next including brief descriptions. For full
a complete list of all the available operators, including the
user is referred to “FREE FIELD INPUT DETAILS” on
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●
Frequently Used Operators

OperatoF Functionality

nRd REPEAT the data item d, n times.

nId INTERPOLATE (linear) n data items between data item d and the next
data item.

nC d SCALE (multiply) the n previous entries by d.

Fd FILL the rest of the data string with the data item d.

nY m STRING REPEAT. Repeat the previous m strings, n times.

nLd INTERPOLATE LOGARITHMI CALLY n data items between d and
the next d.

nz ZERO. Enter the value zero n successive times.

nS SKIP. Skip the next n data items.

nQ m SEQUENCE REPEAT. Enter the last m entries, n more times.

nG m SEQUENCE REPEAT WITH SIGN CHANGE. Same as the Q option
but the sign of them entries is changed every repeat.

nNm SEQUENCE REPEAT INVERT. Same as the Q option but the order of
the m entries is inverted each repeat.

nMm SEQUENCE REPEAT INVERT WITH SIGN CHANGE. Same as N
option but the sign is also changed every repeat.

nx COUNT CHECK. Causes code to check the number of entries in the
current string so far, against the number n.

a. The operator character must always be appended directly to n. d or m need not be immediately adja-
cent to the operator character.
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MINI-MANUAL Introduction

On the following few pages is given a complete list of the input names, expected array
sizes, and order within the array. No description of the array contents is given in this
MINI-MANUAL as full details are given in later sections. The MINI-MANUAL is
intended to serve as a quick reference for the knowledgeable user.

In both the MINI-MANUAL and in the detailed sections which follow, a shorthand form
is used to indicate the size and order of the array that the code expects. This information
is enclosed in square brackets immediately after the array name. Essential features are:

1. A single entry in the brackets is the array length.

2. No brackets at all indicates a simple variable (i.e., an array of unit length).

3. A dash (-) in the brackets indicates an arbitrary length.

4. A semicolon (;) indicates that the input for that array is expected in strings. To the
left of the semicolon is the string length. To the right of the semicolon is the num-
ber of strings in the array.

5. If the number of strings is shown as a product, the order is important. The left-
most quantity must be exhausted firs4 then, the next one to the right is varied. For
example, the array name for the full spatial source distribution is shown as:

SOURCF [~JT*NMQ]

where - IT is the number of fine meshes in the X-direction, JT is the number of
fine meshes in the Y-direction, and NMQ is the number of input source moments.
For this array, the first string is composed of the POsource values for each x mesh
point in the first y mesh. The next string is the PO source values in the second y
mesh. This process is repeated for all JT y meshes. Then starting again with the
first y mesh, the PI source values for each x mesh are given. After all PI values
are given, the P2 values follow. Continue until all NMQ moments are specified.

Note: Usually, values for the quantities within brackets will have already been
specified in the input. Sometimes, however, a quantity is derived from the
array input itself. For instance, in this particular case, NMQ is not an input
quantity; rather, the code counts the number of strings and then, knowing JT,
deduces what NMQ must have been.
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MINI MANUAL

/ Title Line Control
(316 Format)
NHEAD,NO’M’Y,NOLIST

Title Line(s)
--------------------
@ NHEAD>O)

/
/ Block-I: Controls & Dimensions

IGEOM
NGROUP
ISN
NIso
MT
NZONE
ml
IT
JM
JT

MAXLCM
MAXSCM

-- -- -- -- --

NOSOLV
NOEDIT

NOGEOD
NOMIX
NOASG
NOMACR
NOSLNP
NOED’IT
NOADJM

T

/

/
Block-II: Geometrv

XYEPS

XVERT [-;-]
YVERT [-;-]
SMNAME [1;-]
SMIT [1;-]
SMINTS [-;-]
SMNCORS [-;-]

SMZONES [-;-]
SMZNAME [1 ;-]

OBJECTS [3;-]

COMPONS [5;-]

GEOMETRY [5]

BDRYSEG [5;-]

SMFNAME [-;-]
SMFZNAME [-;-
OBFNAME [-;-]
CMFNAME[-;-]
GEFNAME [-]

T

TWODANT/GQ USER’S GUIDE Version 3.0 4-29



TWODANTIGQ INPUT OVERVIEW MINI MANUAL

/ Block-III: Cross Sections

LIB
valid ODNINP

XSLJB
IS07XS
GRUPXS
BXSLJB
MACRXS
AOiCBCD
XSLIBB
(local)iUENDF
(local)MENDFG
alternate XSLIB name

WRITMXS
valid: MACBCD

XSLIBB
XSLIBF
XSLJBE

LNG
BALXS
NTICHI
CHIVEC [NGROUP]
LIBNAME
—.- —.- -- —--

Rest of this block is needed only for text
libraries.

MAXORD

IHT
II-Is
IFTDo

12LP1
SAVBXS
KWIKRD (defaulti 1)
NAMES [NISO]
EDNAME [II-IT-3]
NTPI ~so]
VEL ~GROUP]
EBOUND [NGROUP+l]

T

/
Block-m MiXiB!Z

MATLs [-;MT]

ASSIGN [-;NZONE]

PREMIX [-;-]

ASGMOD [-;-]
CMOD

MATNAM [MT]
ZONNAM ~oNE]
MATSPEC [-]

valid ATFRAC
WTFRAC
ATDEN

Am [-]

T

/ Block-v Solver

IEVT
ISCT

IBL
IBR
IBT
IBB

EPSI

OITM
ITLIM
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/ Solver (continued]

--- Output Controls ---

FLUXP
XSECTP
FISSRP
SOURCP
ANGP
BALP
RAFLux
RMFLux

--- Miscellaneous ---

TRCOR
valid DIAG

BHS
CESARO
NO

NORM
BHGT

CHI [NGROUP;M]

DEN ~,JT]
-or-

DENX [IT], DENY[J~

/ -. . . ..
Solver (continued)

--- Quadrature -------

GRPSN [NGROUP]
IQUAD
WGT [MM]
Mu [MM]
ETA [MM]

--- Flux Guess -------

Influx

–- Searches ---------

IPVT
Pv
EV
EVM
XLAL
XLAH
XLAX
POD

XM pnl], YM [JM]
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/
Solver (continued)

–--VolumetricSource---

INSORS

SOURCE~GROUP;NMQ]
-or-
SOURCX~,NMQ] and
SOURCY[JTNMQ]
-or-
SOURCElNGROURNMQland
SOURCX[IT$lMQJand
SOURCY[m,NMQl
-or-
SOURCF[~,JT*NGROUP*NMQ]
-or-
SOURCE~GRO~,NMQ] and
SOURCF~,JT*NMQ]

-----BoundarySource----

SILEFT[NGRO~,JT]
SIRITE[NGROUP;JT]
SIBOTT~GROUPJT]
SITOP [NGROUIWT]
-or-

sALEFr lMM*2;NGRouP*JT]
SARITE m*~NGROUP*JT]
SABOTT [MM*22NGROUP*~]
SATOP [MM*2;NGROUP*IT]

-or-

BSLFTG [NGROUP]
BSL)?IY [JT]
BSLFI’A W*2]

BSRITG [NGROUP]
BSRITY [JT]
BSRITA [MM*2]

BSBOTG ~GROUP]
BSBOTX UT]
BSBOTA B*2]

BSTOPG [NGROUP]
BSTOPX [IT]
BSTOPA [MM*2] T

/
Block-VI: EDIT

PTED

POINTS [K],&IT*JT
EDzoNE m,JT]

EDXS [KI, -DT
RESDNT
EDISOS [K], I&NISO
EDCONS ~], 16.NISO
EDMATS w], -T
XDF ~]
YDF [JT]

RSFE [NGROW,-]
RSFX ~~-]
RSFY [Jr-]
RSFNAM [-]

ICOLL [KI, I&NGROm
IGRPED

MICSUM [-]
IRSUMS [-]

MASSED

POWER
MEVPER

RzFLux
RZMFLX
EDOUTF
BYVOLP
AJED
FLuxoNE

PRPLTED

T
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● TWODANT/GQ INPUT DETAILS

Introduction

The following pages of this section give details for each of the input arrays. All valid
TWODANT/GQ arrays are discussed in this section in detail complete enough to form
the input.

However, the beginning user, particularly one unfamiliar with discrete-ordinates codes,
may find that he is missing some information of a background nature. See “What Is
Available Elsewhere” on page 4-14 for that.

First, here are a few general instructions:

1. All six of the input blocks are normally included. Block-I is always required but
any of the other five blocks may be omitted under the proper conditions. The
input module reads each block in turn and from it generates one or more binary
interface files. The interface files drive the SOLWR and EDIT modules. Thus, if
the user wants no edits, the Block-VI input maybe omitted. Then with no inter-
face file, the EDIT module will not be executed. Alternatively, if the interface file
is available from another source, the corresponding block of input may be omit-
ted. For instance, Block-11 describes the geometry. The input module normally
writes this information to the GEODST interface fde. If the GEODST file is
available from another source or a previous run, the Block-11 input may be omit-
ted.

2. A general theme of the TWODANT/GQ input is that arrays that are not needed
are not entered. Presence of an array indicates that it should be used. Thus, for
example, if the density array is entered (DEN array), the cross section at each
mesh interval will be modified accordingly. No separate switch need be set to say
that the calculation should be done. To eliminate the density modification, simply
remove the DEN array from the input or comment it out.

3. The arrays, in general, are grouped in the input instructions according to func-
tion. Thus, for example, the input arrays for the volumetric source are found in a
single table, or grouping, of input.

4. Groupings of input data maybe marked as “Required” or “Optional” in order to
guide the user and speed navigation through the input instructions.

“Required” means that at least one of the arrays in the grouping must be entered.
Thus, you must read through the grouping and enter at least one of the arrays
found there.
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Groupings marked “Optional” may be skipped if the subject is inappropriate.
Thus, using the previous example, if one has no volumetric source, one simply
skips to the next grouping of input; there is no need to read about any of the
arrays within the volumetric source grouping.

Arrays in groupings not marked as “Required” or “Optional” should be reviewed.
These groupings contain arrays of vital data that are used in every calculation,
but have default values. Thus, although you may not make any input to these
arrays and they are in that sense optional, you must concern yourself with them to
ensure that the default values are what is intended.

5. Input arrays may also be marked individually. If not marked, they inherit the
marking of the grouping in which they are contained. Thus, an unmarked array in
a “Required” grouping is required input, and you must enter that array. An
unmarked array in an “Optional” grouping is optional.

You may encounter a “Required” array within an “Optional” grouping. That
means that if you decide to invoke the option represented by that grouping, you
must input that particular array. For example, if you want user defined response
function reaction rates calculated, you must input the RSFE array.

All arrays within unmarked groupings are optional. However, values in these
arrays may be used by the code, so you should concern yourself with the default
values if you choose not to enter a value.

6. Unless specifically noted otherwise, the default on all numeric inputs is zero.

7. In an adjoint run, none of the groupwise input arrays should be inverted. The
code will externally identify all groups by the physical group number, not by the
calculational group number (the calculational group number is in inverse order).
Thus, the user interface should be consistently in the physical group order.

8. The use of information within square brackets to indicate the size of arrays and
strings and the order within those arrays is the same as described in “MINI-
MANUAL Introduction” on page 4-28.

9. Except where noted, arrays and strings must contain the exact number expected
by the code (as indicated in the array or string description). If not, the code will
eventually abort with a (hopefully) descriptive error message or messages.

10. New users reading these instructions for the first time and unfamiliar with the
TWODANT/GQ input may find it helpful to follow the sample input in Appen-
dix A while reading this section.

11. Array names are shown here in upper case. What you should actually input for
them will depend upon the code’s implementation on your platform. At the
present time, on most platforms, you should use lower case input.
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12.

13.

14.

Items in italics in the input instructions indicate actual values that maybe entered
for an array. You will frequently find switches where the input is the digit Oor the
digit 1. This will be represented by O/l in the input description. In other arrays
where an exact character string is required such as “ISOTXS” in the LIB array,
you will find the notation lSOTXS. Note that in this notation, the word is both
upper case and italicized. This combination means you must enter exactly those
characters. Again, although the characters will be shown herein upper case, what
you should actually input for them will depend upon the code’s implementation
on your platform.

When a template for the input form is given, as for the MATLS array, the style in
the template tells the user what is expected. If an input word or value is lower
case and italicized, the user is to replace that position with the entry of his choice.
If the input word is in italicized style and in upper case, the user is to input
exactly those characters to achieve the desired result. Depending on the implem-
entation on your platform, the input word, itself, is usually in lower case.

Units to be used for the input quantities are not spelled out as they only need to
be self consistent. However, the following are commonly used: Dimensions in
centimeters, isotopic cross sections in barns per atom; then it follows that atom
densities are in atoms per barn-centimeter. Sources are particles per cm3 per sec-
ond for volumetric sources and particles per cm2 per second for boundary
sources; fluxes will then be in particles per cm2 per second.
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Title Line Details

Title Line Control
(format 316)

{Required}

Word Name Comments

1 NHEAD Number of title lines that follows

2 NOTT’Y Suppress output to on-line
terminal?
0/1 = no/yes

3 NOLIST Suppress listing of all
input?
0/1 = no/yes (default=no)

ASCII

user

text

I

a. Follow this control line with NHEAD title lines containing descriptive comments.
Format is 12A6.
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Block-I Details: Dimensions and Controls

Dimensions
{Required}

Name Comments

IGEOM Geometry: 106/107 = generalized x-y/r-z
or use one of the following character strings:

X-Y-GQ, R-Z-GQ

NGROUP Number of energy groups.

ISN Sn order to be used. If ISN is negative, code will use
the Chebychev-Legendre (IQUAD=2) quadrature set. (See IQUAD
input on page 4-62.)

NIso Number of physical isotopes on the basic input cross-section library.

MT Number of physical materials to be created.

NZONE Number of geometric zonesb in problem.

IT Number of mesh intervals in the x (or r) direction in the largest
submesh.

JT Number of mesh intervals in the y (or z) dire&on in the largest
submesh.

a. Material is defined on page 4-53.

b. Zone is defined on page 7-13.
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●
Storage Requirements

{Optional}

Name Comments

MAXSCM Length of SCM desired (default*OOOIO)

MAXLCM Length of LCM desired (default= 14000010)

II II

The above input (Dimensions plus Storage Requirements) for Block-I will cause the
code to attempt to produce a full run, subject to availability of the input normally found
in the other Blocks. The controls below allow shortened print files, partial runs (say, of
only the input module), or cause the code to ignore any of the other input Blocks
present. For full details on their use, see “PIECEWISE EXECUTION” on page 13-19.

Run Configuration Controls
{Optional}

Name Comments

NOSOLV

NOEDIT

NOGEOD

NOMIX

NOASG

NOMACR

NOSLNP

NOEDTT

NOADJM

Suppress solver module execution. O\l = no/yes.

Suppress edit module execution. 0/1 = no/yes.

Suppress writing GEODST file even though the geometry input
(Block-II) may be present. 0/1 = no/yes.

Suppress writing mixing files even though the mixing input in
Block-IV may be present. 0/1 = no/yes.

Suppress writing ASGMAT file even though the assignment input
in Block-IV maybe present. 011 = no/yes.

Suppress writing the MACRXS file even though both Block-III
and Block-IV may be present. 0/1 = no/yes.

Suppress writing the SOLINP file even though Block-V may be
present. 0/1 = no/yes.

Suppress writing the EDITIT file even though Block-VI may be
present. 0/1 = no/yes.

Suppress writing the ADJMAC file even though an adjoint
calculation is called for. 0/1 = no/yes.

Note: Default on all these controls is no.
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Block-11 Details: Geometry*

This input block describes the geometry of the problem that TWODANT/GQ will solve.
The user has two choices. If adequate for the user’s purpose, the standard TWODANT
geometry input may be used. However, for the more complicated geometries that
TWODANT/GQ can use, the input described below must be used.

Spatial Resolution
{Required}

Name Comments II

XYEPS Spatial resolution. If two points are within XYEPS of
each other, they are considered to be the same point. If
a point lies within XYEPS of a line, it is considered to
be on the line.

1’ II

In the general case, the code will be putting together submeshes to form the complete
mesh, One part of this process is to determine if a point in one submesh is the same point
as one in another submesh. Because of limits on the precision of arithmetic calculations
and on the input precision, two points that were intended to be the same maybe slightly
different. We thus introduce the idea that if they are close enough, we shall consider
them to be the same point. The user must supply the value XYEPS signifying what is
“close enough.”

* The information entered in this block is written to an extended version of the CCCC standard interfaee file
GEODST. See note on units on page 4-35.
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Submesh Definitions
{Required}

Name Comments

XVERT [-;N’] List of the x coordinates of all the vertices in each
submesh.

WERT [-;N_l List of the y coordinates of all the vertices in each
submesh. Must be the same number and order as in
XVERT.

SMNAME [l;N] Name (up to 8 characters) of each submesh.
{optional} (default names = submshl, submsh2, etc.)

SMIT[l;N_j Row length (in number of intervals) for each submesh.
{optionalb} Presence of this input indicates order and a rectangular

structure in the XVERT and YVERT arrays. The frost
(SMITi+l) vertexes are the vertexes along the (logical)
bottom of the fust row of intervals in the i-th submesh.
The second (SMITi+l ) vertexes are those along the
bottom of the second row of intervals (and the tops of
the first row of intervals). If SMIT is entered, then
SMINTS (below) is not entered. If SMIT is not
entered, then the submesh domain may be other than
logically rectangular and SMINTS (and optionally
SMNCORS) must be entered.

SMINTS [-; N-j Individual mesh interval definitions for the intervals
{optionalb } wifin each submesh. A mesh interval is an area of the

problem surrounded by vertexes, with no interior edges.
Enter the list of vertex numbers (indexes in the XVERT
array) surrounding each interval. Vertexes must be in
order along the interval periphery, either clockwise or
counterclockwise. Enter the list of vertexes for interval
number 2 immediately after those for interval 1. The
input order defines the enumeration of the intervals.

SMNCORS [-;Nl Number of vertexes surrounding each interval within
{optional} each submesh. Used to extract interval definitions from

the packed SMINTS array. (Default is 4 for every
interval).

a. N is the number of submeshes. N is determined by the number of strings in this input array and is not
direetly entered by the user. In our notation, this would normally be shown as a hyphen, but we give it
a name hereto indicate that all the other arrays in this grouping must have the same number of strings.

b. Either SMIT or SMINTS must be in the input.
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Zoning Definitions
{Required}

Name Comments

SMZONES ~;NSMZ] Zone number for each of the Mn intervals in a
submesh.a NSMZ is the number of zonings described.
This array is identical in order to the ZONES array in
Block-II of the TWODANT input. However, it is all
one string for a submesh and not a string per row.
This array defies the mesh intervals to which cross-
section materials are assigned. The zone numberb
must not be greater than NZONE.

SMZNAME [l;NSMZ] Name (up to 8 characters) of each zoning.
(default names = zoning 1, zoning2, etc.)

a. The number of entries in the string must fit some submesh, i.e., the number must match the number of
intervals described in some submesh definition.

b. A zone number of zero indicates the mesh contains a voi~ and no cross section will be associated
with that mesh. The zero zone number is not counted in the total zone count NZONE.

Object Definitions
{Requireda}

Name Comments

OBJECTS [3;NOBJS] For each of the NOBJS objects, enter the string: II
objectname submeshname Zoningname ;

where - objectname is the name of the object being
defined, submeshname is the name of a submesh from
one of those in the SMNAME array, and Zoningname is
the name of the zoning from one of those in the
SMZNAME array.

1’ II

a. In the special situation where the only zoning in the input fits the only submesh in the inpu~ a default
object with the name “object” will be constructed by the code.
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Component Definitions
{Optional}

Name Comments

20MPONS [6a;NC] For each of the NC components, enter the following
string:

objectname x y Cl Xt yt ;

where - (x,y) are the coordinates of a center of rotation
in the object named objectrzame. 0 is the number of
degrees to rotate the object clockwise. Xf and yt are
distances to translate the rotated object in the x and y
directions, respectively. These specifications establish
the object in the global coordinate system and define a
component. (The default component names are
componl, compon2, etc.)

If you wish to name the component explicitly, precede
the objectname with the component name as in:

componentname objectname x y (3 Xt yt ;

The preceding has shown how to define a component
consisting of a single object. But, in general, a
component may contain more than one object and may
contain other components, as well. The fully general
form of the string defining a component is then of the
form:

componeniname namel xl yl 91 W Ytl
~me2 X2 Y2 02 Xtz y~z name3 x3 y3 e3
X23 yt3 ““” ;

where - namei may be either an object name or a
component name and ●00 signifies possible
continuation of the pattern.

a. Strictly speaking, 6 is the proper length for a single object in the component with the component name
defaulted. If you are using the second form to name a single object component explicitly, the string
length will be 7. If you haven subcomponents in the component as in the third form, then the length
will be 6*n or 6*n+l, depending on whether you explicitly name the component.
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Geometry Definition
{Requireda}

Name Commentsb

GEOMETRY [5] For the geometry enter the following sequence:

name x y e + Yt;

where - (x,y) are the coordinates of a center of rotation
in the object or component named name. e is the
number of degrees to rotate the objecticomponent
clockwise. Xt and yt are distances to translate the
rotated objectlcomponent in the x and y directions,
respectively. These specifications establish the object/
component in the global coordinate system.

The preceding has shown how to describe a geometry
consisting of a single objecticomponent. But, in
general, the geometry will contain more than one
objectlcomponent. The more general form of the
sequence defining the geometry is then of the form:

namel XI yl el -% Ytl name2 X2 y’2 ez
%2 Yt2 name3 X3 y3 e3 Xt3 Yt3 w ;

where - namei may be either an object name or a
component name and ●*9 signifies possible
continuation of the pattern.

a. For the special case where a single submesh and a single zoning are described and the submesh fits the
problem domain (i.e., it is IT by JT), only the XVERT, YVERT, and SMZONES arrays are required.
No other geometry input is required unless the user chooses to explicitly describe the boundary condi-
tions with the BDRYSEG array.

b. Input for GEOMETRY follows the same format as that for a component description. The geometry is
really just the highest level component.

TWODANT/GQ USER’S GUIDE Version 3.0 4-43



TWODANWGQ INPUT DETAILS Block-n DCtdS: OCOS’MI’Y

Boundary Conditions
{Optionala}

Name Comments

BDRYSEG [5b;NBD] For each of the NBD boundary segmentsc enter the
following string:

xl yl X2 yz ib [ir] ; II
where - (xl, yl) are the coordinates of the starting point
of the boundary segment, (X2, y2) are the coordinates
of the ending point of the boundary segment, ib is an
integer describing the boundary condition applying on
this segment and the optional ir (used only if ib=7 or
ib=8) is the index of the recipient segment for fluxes
exiting this segment.

ib must be one of the values defined in the CCCC
GEODST file definition (e.g., O = zero flux, 1 =
reflection, 2 = no return, or extrapolated zero flux for
diffusion) or additionally, 7 or 8. 7 or 8 means flux
exiting on this segment enters on segment ir.

If ib=7, the exiting flux is rotated through the
appropriate angle for entry on the recipient segment.
This handles translation and rotation (i.e., tiling) as well
as the rotationally periodic case.

If ib=8, the exiting angular flux is first mirrored about
the perpendicular to the exit segment before being
rotated and entered on the recipient segment. This
handles a reflective type of symmetry.

II

a. If not entered, code will look for IBL, JBR, B3T, and/or IBB in the Block-V (solver) input. If none of
them is present, the default will be vacuum all around.

b. The string length will be 6 if ib=7 or ib=8.

c. Boundary segments have sense. In traveling from point 1 to point 2 along a segment, the interior will
lie to the left and the exterior will lie to the right.
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Long Name Aliases
{Optional}

Name Comments

SMFNAME Long name for submeshes

SMFZNAME Long name for submesh zonings

OBFNAME Long name for objects

cmm LOng name for components

GEFNAME LOng name for the geometry

A long name alias is a string of characters not restricted to the usual 8 characters that can
alternately be used as the name of an entity. These names are carried along for future
descriptive purposes only. Where names are specified elsewhere in the inpu~ they must
be the short names. As with short names, names with embedded blanks maybe used if
they are double quoted.
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Block-III Details: Nuclear Data

Nuclear Data Type and Options
{Required}

Name Comments

LIB Namea and form of the cross-section data file.
Enter as a data item one of the following words:

Word Descrid.ion

ISOTXSb CCCC standard isotope ordered binary cross-
section file.

XSLIB ASCII text library supplied in a separate file
named XSLIB.

ODNZNP ASCII text library follows after this block of
input (after the T of Block-III).

GRUPXfF CCCC standard group ordered cross-section file.

BXSLIB Binary library supplied as a separate file named
BXSLIB. [See “Binary Form of Card-Image
Libraries (the BXSLIB file)” on page 10-12.

MAcRxd Use existing files named MACRXS for
SOLVER module, SNXEDT for EDIT module.
These files were created in a previous run. Under
this option, any remaining Block-LU input and,
unless otherwise specified in Block-I, any
PREMIX and MATLS input in Block-IV will be
ignored.

XSLIBB See “XSLIBB Card-Image Library File” on
page 10-12.

MACBCD ASCII form of MACRXS file.

MENDF (LANL only) See “The Los Alamos MENDF5
Cross-Section Library” on page 10-13.

MENDFG (LANL only) See “The Los A.lames MENDF5G
Gamma Cross-Section Library” on page 10-14.

other If a word other than those listed above is entered,
the code will use the file with that word as its
name, provided that file exists in the user’s file
space. Such a file must be structured as an
XSLIB file.

WFUTMXS Controls the code’s writing certain ASCII cross-section files.e
{optional} Enter one of the following words:
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●
Nuclear Data Type and Options (Cont.)

{Required}

Name Comments

Word Descrbtion

MACBCD Creates the cross-section file named MACBCD,
an ASCII image of the MACRXS binary file.

XSLIBB Creates the cross-se&on file named XSLIBB, an
ASCII image of the BXSLIB binary file.

XSLIBE Creates the cross-section file named XSLIBE, an
ASCII file derived from, and corresponding to,
the MACRXS binary file. XSLIBE is in Los
Alamos 6E12 format @IDO=O).

XSLIBF Creates the cross-section file named XSLIBF, an
ASCII file derived from, and corresponding to,
the MACRXS binary file. XSLIBF is in FIDO
fixed-field format (Il?IDO=l).

LNG Number of the last neutron group in a coupled neutron-photon
{optional} library. Used only to separate neutrons from gammas in the edits.

BALXS cross-section balance control. Enter one of the following values:
{optional} WARNING See page 10-21 before using!

Value Description
-1 balance cross sections by adjusting absorption

cross section.

o do not balance cross sections. (default)
1 balance cross sections by adjusting self-

scattering cross section.

NTICHI MENDF fission fraction to be used for the problem (LANL only).
{optional} 1/2/3 = Pu239AJ235AJ238 (default is U235). Will be overridden

by any CHIVEC input described below or by any zone-dependent
CHI in input Block-V.

CHIVEC Chi vector (fission fraction born into each group). Used for every
~GROUP] isotope. WILl be overridden by any zone dependent CHI input in
{optional} Block-V.

a. On UNIX systems, the user may speci~ a search path for some of these files using the environment

variable SNXSPATH. See “Library Search Path” on page 4-96 for details.

b. The CCCC standard for file ISOTXS does not allow the inclusion of the 2L+1 term in the higher
order scattering cross section. However, if you have a nonstandard file which contains the 2L+ 1 term,
you may override by setting 12LP1=1. See “Text Cross-Section Library Format” on page 4-50.
TWODANT/GQ will then convert the cross sections to the appropriate internal form.

c. The 2L+ 1 term on GRUPXS is treated the same as for ISOTXS. See footnote b.

d. In the convention used in this user’s guide, a UCMS library contains “material” cross sections; all
the other libraries contain “isotope” cross sections.

e. See “COUPLED NEUTRON-GAMMA CROSS SECTIONS” on page 10-15.

—
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Alternate Library Name
{Optional}

Name Comments

LD3NAME Alternate name of the library file. May be used only with certain
types of libraries. See Table 4.1. II

II II

The entries in the LIB input variable normally dictate both the form and the name of the
cross-section library. If the user specified ISOTXS, for example, the code would look for
a file named ISOTXS and expect it to be in the CCCC format for an ISOTXS file.

For some libraries, the user may specify the form in the LIB array and specify separately
the name in the LIBNAME array. The libraries that can be treated this way are shown in
Table 4.1.

Table 4.1 LIBNAME Availability

LIB
LIBNAME

AVfiABLE?
1

MACRXS No

I GRUPXS I Yes

ISOTXS Yes

BXSLIB Yes

oDm No

MACBCD No

I XSLIBB I No

MEND17 I No

MENDFGb I No

XSLIB Yes

other Ignored
I

a. Available only at Los Alamos.

b. Available only at Los Alamos.
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The BXSLIB file requires special treatment. It is normally created when the original
library is a text library in the input stream or in the XSLIB form. In subsequent runs, this
binary BXSLIB file maybe used as the source of the cross-section data. The user may
wish to save this file under another name. The program, in future runs, may then access
the library for reading by using LIBNAME to specify that name.

This procedure is wise because some cases using the BXSLIB form as input also require
rewriting it in order to add new information. When this situation arises, the rewritten file
is always named BXSLIB. Thus, if the original BXSLIB form library had a different
name, it would be protected from being overwritten. For the remainder of the current
run, the program will access the file named BXSLIB.
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Text Cross-Section Library Format
{Required if LIB= XSLIB or LIB=ODNINP}

Name Comments

MAXORD Highest Legendre order in the scattering tables.

Nirnber of positions (entries) in each row of the
cross-section table.

Position number of the total cross section.

IHs Position number of the self-scatter cross section.
{optional} (default = IHT + 1).

IFIDO Format of the cross-section library.
{optional} -1/0/1/2 = Precision(4E18)/Los Akunos(6E12)/fixed-

field FIDO/free-field.

ITITL A title line precedes each table. 0/1 = no/yes
{optional}

12LP1 Higher order scattering cross sections on the library
{optional} contain the 2L+1 term. 0/1 = no/yes. Note: For a

non-standard ISOTXS or GRUPXS that contains the
2L+1 term, enter a 1 here.

SAVBXS Save the binary form of the ASCII text library
{optional} XSLIB or ODNINP for use in a subsequent run.

Saved on file BXSLIB. 0/1 = no/yes.

KWIKRD Process Iixed-field FIDO-format, ASCII text library
{optional} with fast processor at the sacrifice of error checking?

0/1 = no/yes (default=yes).

NAMES [NISO] Character name for each of the input isotopes. Can be
{optional} used later in mixes. (default names are: 1S01,

1S02, . . . etc.).

EDNAME ~-3] Character name for each of the EDIT cross-section
{optional} positions used in the cross-section edits. These are

the positions before the absorption cross section in
the cross-section table. (default names are: EDIT1,
EDIT2 , . . etc.).

NTPI ~SO] Number of Legendre scattering orders for each
{optional} isotope in the library. (default=MAXORD+l in all

positions).

VEL ~GROUP] Speeds for each group. Needed only for alpha
{optional} calculations.

EBOUND ~GROUP+l] Energy boundaries for each group.
{optional}

—

●
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ASCII text libraries may be entered in one of the four forms indicated by the IFIDO
input. AU four forms share the following features: Cross sections are entered in a table
optionally preceded by a title line. A table consists of NGROUP rows of entries. Each
row contains the cross sections for a single group and consists of IHM entries. The user
specifies the positions in the row occupied by the total and selfscattering cross sections.
Order within a row (e.g., for group g) is then as follows:

Notice that all terms in the scattering matrix are in positions relative to that of the self-
scattering position and the rest of the cross sections are in positions relative to the posi-
tion of the total cross section. The positions before the absorption cross section are
frequently used for edit cross sections. For more detail, see “Ordering of Cross Sections
Within a Cross-Section Table” on page 10-10.

Different Legendre orders are in different tables, which follow in order.

The user may order the group structure either by increasing energy or by decreasing
energy. However, it is conventional and desirable for most problems to order it by
decreasing energy, that is, group one is the highest energy. In that case, the scattering
cross sections to the left of c$g+g such m Cg+l +g are upscattering terms and the terms to
the right of Og+g are the downscattering terms.

In the Los Alarnos format, the table is entered with a standard Fortran 6E12 format.

For greater precision in your input, use the 4E18 option.

In the fixed field FIDO format that ANISW uses, entries are made in six twelve-column
fields. Each twelve-column field is divided into three subfields, a two-column numeric
field, a one-column character field, and a nine-column numeric field. See page 9-19 for
details if you are not familiar with this input. The last field in each table must have the
character Tin the character position. No array identifier should be used. This format also
restricts the usable input operators to T, *, R, -, +, and Z.

In the free field form, entries do not have to be in designated columns. Rather, the rules
specified in the chapter “FREE FIELD INPUT REFERENCE” starting on page 9-1
apply. Each table in this form is also terminated with the character T. No array identifier
(i.e., array name with appended equals sign) should be used.
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Block-IV Details: Cross-Section Mixing

A short summary of the primary mixing arrays, NIATLS and ASSIGN, is given here for
quick reference. Normally, THESE TWO ARRAYS ARE REQUIRED and, in most
problems, would be the only arrays in this block. Other mixing arrays are also briefly
described.

There are actually several nested levels of mixing. Each level has the job of calculating
k

values from expressions of the form: Zg = ~ Nici, ~ for each group, g. The user’s job
iel

is to input the Ni for all the k components of the mixture and to specify each component,
i. Component i has the cross section, ~i,~. In common usage, for the first level of mix-

ing, ~i,~ is the effective microscopic cross section and Ni is the atom density of isotope i,
and Xg is then the macroscopic cross section of some material. In a higher level of mix-

ing, these materials may be homogenized into a single material by using their volume
fractions for the Nfi With several nested levels, the user has a great deal of flexibility in

defining what Xg is for that level. A more complete discussion of mixing will be found in

the chapter “MA~RIAL MIXNG TUTORIAL” starting on page 11-1.

A discussion of cross section processing is outside the scope of this document, but it
should be noted that the user needs to be aware of the processing that is inherent in the
input library. For instance, for materials in which there are isotopes with cross-section
resonances, self shielding of the cross sections for these isotopes may be important and
this effect must have been considered in the preparation of the “effective” microscopic
cross sections for these isotopes. Since the self shielding is dependent on the amounts
and types of the other isotopes in the material, the “effective” cross section is strictly
valid only for use in a mixture which has the same composition as was used in the self
shielding calculation. If the user desires to use this same “effective” microscopic cross
section in some other composition (mix) of material, it is up to the user to verify the
accuracy of this approach.
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Primary Mixing Arrays
{Required}

Name Description

MATLsa [-;MT] Instructions for mixing “isotopes” or premixes into
“materials.” See details below.

ASSIGNb Assignments of materials to geometric zones. See below.
[-;NZONE]

PREMIX [-;-] Instructions for mixing “isotopes” into premixes. See below.
{optional}

a. The information entered in the MATLS= array is written to the CCCC standard interface files NDX-

SRF and ZNATDN.

b. Information entered in the ASSIGN= array is written to tie code-dependent interface file ASGMAT.

In order to understand how cross sections are mixed and the resultant material placed in
the problem, we first need a little conceptual information.

The key entities used in specifying the cross-section spatial distribution are coarse mesh,
zone, isotope, and material.

The basic geometry of the problem is defined with the coarse meshes specified in
Block-II. The geometric areas called zones are also defined there using the ZONES
array; the ZONES array designates the zone number assigned to each coarse mesh.

Here in Block-IV, we mix cross sections and assign them to the zones created in
Block-II. For the purposes of this discussion, the cross sections found on the input
library belong, by definition, to “isotopes,” no matter what their true nature. These “iso-
topes” may then be mixed to form materials, using the MATLS array. Materials are then
assigned to zones using the ASSIGN array.

JWNI’LSimut array

The general form of a MATLS mix instruction is shown below:

MATLS= mutl compl denl, comp2 den2, ...etc .... ;

where matl is the desired character name of the fist material and compl, comp2, and so

on are the character names of its components which have “densities” of, respectively,
den], den2, and so on. Additional materials (i.e., mut2, mat3, and so on up to the required

number, MT) are defined in subsequent strings. Each string may contain as many com-
ponents as necessary (actual limit= 500). A component is usually an isotope from the
library, but may also be a temporary material created by the PREMIX array (see below).
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When the component is an isotope, the deni is commonly the atom density of the isotope
in that material although other definitions exist (See MATSPEC on page 4-58).

Short form: MATLS= 1S0S

This form specifies that there should be as many materials as isotopes and that isotope
number 1 is to be used for material number 1, isotope number 2 is to be used for material
number 2, and so on.

In the special case where there is only a single component in a material and its density is
unity, the density entry may be omitted as in the first material below:

MATLS= matl compl; mat2 comp2 den2; ... etc. ... ;

IGN mr)
. ut arrav

The general form of the ASSIGN instruction is shown below:

ASSIGN= Zonei mat] Voll, mat2 vo12, ... etc. ... ;

where Zonel is the desired character name to be used for the first zone (the one specified

with numeral 1 in the ZONES array). mat], mat2, and so on are the character names of

the materials that will be present in this zone with, respectively, the “volume fractions”
Voll, V012,and so on. Additional zones (i.e., zone2, zone3, and so on up to the required
number, NZONE) are defined in subsequent strings. Although it is highly recommended
that you use character names, here it is convenient to use the numeral for the zone name
because it is the same numeral entered in the ZONES array.

Short form: ASSIGN= MATL.S

This form speeifies that there areas many zones as there are materials, and that material
number 1 is to be assigned to zone number 1, material number 2 to zone number 2, and
so on.

NOTE: The short form ASSIGN=MATLS can not be used if you intend to use the
ASGMOD input array described later in this section.

IX im ut array

The PREMIX array forms temporary materials in a way exactly analogous to the way
that permanent materials are formed in the MATLS array. The difference in treatment is
that the temporary materials created by PREMIX exist only long enough to complete the
mixing; they are not available for assignment to geometric zones, nor are they available
for use in material edits.

The general form of a PREMIX mix instruction is shown below:

PREMIX= tmatl Cornpl denl, comp2 den2, ... etc. ... ;
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where tmatl is the character name of the first material and compl, comp2, and so on are

the character names of its components which have “densities” of, respectively, denf,
den2, and so on. Additional temporary materials (i.e., tmat2, tmat3, and so on) may be

defined in subsequent strings. A component maybe either an isotope from the library or
another temporary material created by PREMIX.

The PREMIX array is useful for organizing the mixing input. For instance, it is fre-
quently useful to mix the cross sections for a molecule of water and then in subsequent
mix instructions, to input the molecular density of water as opposed to entering the atom
density for both hydrogen and oxygen. Other examples are to form average cross sec-
tions for an element composed of many isotopes, or to form full density materials and
then in later mix instructions, to put in the volume fraction of the full density material.

Character Names vs. Numeric Names

In the foregoing discussion, isotopes, materials, and zones were identified by their char-
acter names. Optionally, they may be referred to by their ordinal number. Thus, 2 for an
isotope name would call for the second isotope on the library. However, this practice is
NOT recommended.

THE CHARACTER NAME FORM IS HIGHLY RECOMMENDED. It provides the
most straightforward, most readable form. If the character name form is used, the nam-
ing input arrays in the following table are not needed.

Using the character name form in one array and the numeric name form in another array
is particularly discouraged. However, should one wish to use the numeric form in the
MATLS and/or ASSIGN arrays, and then subsequently associate character names with
the ordinal numbers, one can use the naming arrays in the following table to do so. This
situation could arise if, for some reason, one wanted to use material numbers in the
MATLS array, but use character material names in the ASSIGN array.

When the library is of the MENDF form, the character names that must be used for the
isotope names are discussed in “The Los Alamos MENDF5 Cross-Section Library” on
page 10-13.

Mixing Array for a Concentration Search
{Optional}

Name Description

ASGMODa [-;-] Cl parameters used in concentration searches. See the
discussion below.

a. The information entered in the ASGMOD array is written to the ASGMAT file together with the
information horn the ASSIGN and CMOD arrays.
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ASGMO D inuut array

The ASGMOD array is used in conjunction with the ASSIGN array when one wishes to
vary the composition of a zone or zones in order to achieve a certain value of k-effective
or alpha (i.e., in a concentration search). The concentration (or volume fraction) of mate-
rial x in zone z is given by the following expression:

C(z,x) = ~(z,x) + C1(Z,X)*CMOD

where Co(z,x) is the base concentration of material x in zone z. This is the concentration

(or volume fraction) entered in the ASSIGN array for material x. In these arrays, x is
not any kind of an index; correspondence is made by name, rather than by position
within the array. Thus, for instance, in a problem that had ten materials, we might only
assign one of them to a given zone. It would then probably be in the first position in the
ASSIGN array string for that zone even though it might have been, say, sixth in the list
of all materials.

Cl(z,x) is the corresponding entry in the ASGMOD array for material x in zone z.

CMOD is the search parameter (sometimes called search eigenvalue) that will be varied
by TWODANT/GQ in order to achieve the desired k-effective or alpha value. In a
search calculation, the initial value for CMOD will be the input value EV.

The general form of the ASGMOD instruction is shown below:

ASGMOD= zone matm Volm, matn Voln, ... etc. ... ;

where zone is the character name of any zone in the problem, matm, matn, and so on are

the character names of any of the materials that will be present in this zone, and vol~,
Voln, and so on are the Cl values for respectively, rnutm,nuztn,and so on. Additional
zones may be specified in subsequent strings. All zones do not have to appear in the
ASGMOD array nor do all materials within a zone have to appear in the string for that
zone.

Concentration Modifier
{Optional}

Name Description

CMOD Concentration modifier. Input value is not used in a search.
See the discussion below.
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The concentration modifier, CMOD, is varied by TWODANT/GQ during a search cal-
culation. For any other type of calculation, a value of CMOD may be input and the com-
position of the zones will be calculated using the expression above for C(z,x).
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Miscellaneous Mixing Input
{Optional}

Name Comments

MATNAM ~] Character material names for Materials. Used only if
the matf name used in the MATLS array was integer.
First entry in MATNAM array is the desired character
name for Material number 1, second entry is the
desired character name for Material number 2, etc.

ZONNAM ~zom] Character zone names for Zones. Used only if the zone
name entry in the ASSIGN or ASGMOD array was
integer. First entry in the ZONNAM array is the desired
character name for Zone number 1, second entry is the
desired character name for Zone number 2, etc.

MATSPEC [~T] Tells code whether material mixing in the MATLS
array is in terms of atomic densities, atomic fractions,
and/or weight fractions.
Allowable entries are the words:

ATDENS (default) atomic densities
ATFRAP atomic fractions
WTFRAC weight fractions

Can be input as a vector with up to MT entries (one for
each Material) [See “Using Atomic Fractions or
Weight Fractions (MATSPEC)” on page 11-13.] If less
than MT entries are made, the last entry will be used to
fill out the array to a length of MT.

Am [<2*NISO] Atomic weights of the isotopes. If using
{requiredb} MATSPEC=A~C or WTFRAC, atomic weights

must be available to the code. Entries for the Am
array are made in pairs, as follows:

ATW’T= iso~ atwt~ isoz atwtz ....

where ison is the isotope name (identifier) for isotope n
on the cross-section library and atwtn is that isotope’s
atomic weight.
[See “Using Atomic Fractions or Weight Fractions
(MATSPEC)” on page 11-13].

a. ATFRAC and WTFIUC cannot be used with PREMIX.

b. Required iff MATSPEC=A~C or WTFIUC and atomic weights arc not available from the input
library.

4-58 TWODANT/GQ USER’S GUIDE Version 3.0



TWODANT/GQ INPUT DETAILS Block-V Details: Solver Input

B1ock-V Details: Solver Input

Desired Calculation
{All Optional}

Name Comments

IEVT Calculation type: Enter one of the following values:.

Value Calculation Desired

o inhomogeneous source (default)

1 ‘eff
2 u (time absorption) search

3 concentration search

4 dimension search

ISCT Legendre order of scattering (default=O).

ITH 0/1 = directiadjoint calculation (default=(l).

IBLa Left boundary condition. 0/1/3 = vacuum/reflective/white.

IBR Right boundary condition. 0/1/3 = vacuum/reflective/white.

IBT Top boundary condition. 0/1/2/3 = vacuum/reflective/periodic/
white.

IBB Bottom boundary condition. 0/1/2/3 = vacuum/reflective/periodic/
white.

-. . . . .. . . . . . . . . . —
a. “1hese are the boundary condmons on the side of the logical mesh, not the physical side. To use a

boundary condition on a physical boundary, see “Boundary Conditions” on page 4-44.

IBL, IBR, IBT, and IBB are to be used only when the geometry input is provided via a standard
GEODST file, such as one generated by the TWODANT code. In TWODANT/GQ, the geometry is
normally provided in Block-If where the boundary conditions are given by the BDRYSEG array.
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Iteration Controls
{All Optional}

Name Comments

EPSI Convergence precision (default=O.OOOl).

IITL Maximum number of inner iterations per group at first (default= l).

HTM Maximum number of imers allowed when near fission source
convergence (default chosen by code).

OITM Maximum no. of outer iterations (default=20).

Output Controls
{All Optional}

Name Comments

FLUXP Final flux print. 0/1/2 = no/isotropic/all moments.

XSECTP Cross-section print. 0/1/2 = nolprincipalkdl.

FISSRP Fission source rate print. 0/1 = no/yes.

SOURCP Source print. O/lZ2/3 = no/as inputhormalizedhoth .

ANGP Print the angular flux. 0/1 = no/yes. CAUTION! this is very LARGE
output. ANGP=l will also cause the RAFLXM or AAFLXM file to
be written.

lUFLux Prepare angular flux file (R4FLUX or AAFLUX). 0/1 = no/yes.

RMFLux Prepare flux moments file (RMFLUX or AMFLUX). 0/1 = no/yes.
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Miscellaneous Solver Input
{Optional}

Name Comments I

TRCOR Apply transport correction’ to cross sections on MACRXS
file. Enter one of the following words:

Word Description
DIA Use diagonal transport correction
BHS Use Bell-Hansen-Sandmeier correction
CESARO Use Cesaro “correction”
NO (or omit entry) don’t apply correction

NORM Normalize the fission source rate to this value when
IEVT~l or normalize the inhomogeneous source rate to
this value when IEVTC1. NORM=O means no
normalization. (Integral of source rate over all angle, space,
and energy = NORM, except for kti problems where the
integral is equal to NORM* k&) Any fluxes printed here
(i.e., caused by setting FLUXP nonzero) will be normalized
consistently with this source rate.

BHGT Buckling height to use to correct for leakage. Units ~~
centimeters if macroscopic cross section is in cm .
Ignored if r-z.

CHI ~GROUP;M] Fission fi-action born into each groupb. Enter by zone up to
M zones. Succeeding zones (i.e., zones M+l through
NZONE) will use the CHI values from zone M.

DEN fl~JT] Density factor to use at each fine mesh point.
or

DENX ~T]c Density factor to use at each fine x-mesh (or r-mesh)
and/or (default= l).

DENY [JT] Density factor to use at each fine y-mesh (or z-mesh)
(default= l).

a. For more information, see “Transport Corrections for the Cross Sections ( TRCOR )“ on page 7-31.

b. This input will override any previous CHI from earlier blocks or from any cross-section library which
contains CI-H.

c. In this second form, the density factor DEN(iJ,k), at mesh interval (iJ,k) is computed as follows:

DEN(iJ) = DENX(i)*DENY(j)
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Quadrature Details

1

2

Name Description

GRPSN ~GROUT] Sn order to be used for each group.

IQUAD Source of quadrature constants. Enter one of the
following:

Value Descri~tion
-3 Get constants from SNCONS file.

-2 Triangular Chebychev-Legendre built-in set.
Any even value for ISN can be used up to 50.
From 50 to 100, ISN must be in multiples of
10. See Ref. 6 for details.

Traditional built-in constants. Any even value
for ISN can be used between 2 and 16,
inclusive. (This is the default).

Rectangular Chebychev-Legendre built-in set.
(REQUIRES ISN negative in Block-I!) Any
even value for the absolute value of ISN can
be used up to 50. From 50 to 100, the absolute
value of ISN must be in multiples of 10. See
Ref. 6 for details.

WG~ Wb] Quadrature weights.
{optional}

MU [MM] Mu cosines.
{optional}

ETA MM] Eta cosines.
{optional}

a. Presence of the WGT, MU, and ETA arrays overrides the IQUAD input.

b. MM=ISN*(ISN+2)/8 for iquad = -2,1.

MM= (ISN12)**2 for iquad = 2.
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Flux Start
{Optional}

Name Comments

INFLux 0/1 = no/yes Read flux start from the RTFLUX file.’

1’ II

a. There is presently no ASCII text input flux guess available for TWODANWGQ.

General Eigenvalue Search Controla
{ IEVT >1}

Name Comments

IPVT ~pe of eigenvalue to search for in a concentration or dimension
search. 0/1/2 = none/ ~ff / ct. (default= 1).

Pv Value of keti or cxto which to search. (default = 1.0 if IPVT=l, 0.0 if
IPVT=2.

EV Initial search parameter. Value at which to start the search parameter.
(default=O).

EVM Initial search parameter increment. Amount by which to change
search parameter in the fist step of a search. (REQUIRED - there is no
default).

XLAL Lambda lower limit for search. (default = 0.01).

XLAH Lambda upper limit for search. (default = 0.5).

XLAX Lambda convergence criterion for second and subsequent search steps.
(default = 10*EPSI).

POD Parameter oscillation damper. (default=l .0).

a. See “Eigenvalue Searches” on page 7-33 for definitions of these quantities.

TWODANT/GQ can vary the composition of a zone (or zones) or the coarse mesh
boundaries in order to achieve a desired keti or u value. The search input consists of
some general search input plus input specific to the type of search being performed.
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Dimension Search Input
{Required if IEVT=4}

1,

II Name Comments

XM ~] x-dimension fractional change per mesh interval (or r).

YM [JM] y-dimension fractional change per mesh interval (or z).

1’

The dimension search requires the XM and/or YM input as well as the general search
input above. During the search, TWODANT/GQ varies the search parameter (some-
times called the search eigenvalue) denoted by EV in the following expressions to
change the mesh vertex positions on iteration k to those on iteration k+l:

XVERT(i+lj)k+l = XVERT(ij)k +

{XVERT(i+lj)-XVERT(i,j)} * [1.O+EV*XM(i)] i =1,2, ..... IM, j =1,2, ..... JM

YVERT(i+l J)k+l = YVERT(i&k +

{YVERT(i+l,j)-YVERT(i$} * [1.O+EV*XM(i)] i =1,2, ..... IM, j =1,2, ..... JM

Although they may seem a bit awkward at first, the user will find these expressions to be
quite flexible. Wh.h proper choice of the XM(i), and YM@ values, the user can move
any or all of the verticies in a row or column, while allowing others to remain stationary.
The quantities in { } in the above expressions are always formed from the original input
values.

Concentration Search Input
{Required if IEVT=3}

Name Description

The sole solver input for a concentration search is to set IEVT = 3 ( page 4-61) and
input the general eigenvalue search controls. But you must also input the
ASGMODa and CMOD arrays in Block-IV.

a, A concentration search involves the mixing instructions. A discussion of these two arrays is found in
the mixing input description on page 4-55,
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Volumetric Source Options
{Optional}

Name Comments

INSORS Read source from interface file FIXSRC.
0/1 = no/yes

----- For an ASCII text input source, choose one of the following options:

Option 1:

SOURCE ~GROUP; NMQ] Source spectrum for each of NMQa
moments. (Spatial distribution is assumed
to be flat with value unity)

Option 2: (input both arrays)

SOURCX ~,NMQ]b x (or r) spatial distribution for each
moment.

SOURCY [~,NMQ] y (or z) spatial distribution for each
moment.

(Spectrum is assumed to be flat with value unity)

Option 3: (input all three arrays)

SOURCE ~GROUP; NMQ] Source spectrum.

SOURCX ~~NMQ] x (or r) spatial distribution for each
moment.

SOURCY [J~NMQ] y (or z) spatial distribution for each
moment.

Option 4:

SOURCF ~,JT*NGROUP*NMQ] Spatial distribution for each row, group,
and moment.

Option 5: (input both arrays)

SOURCE ~GROUP; NMQ] Source spectrum.

SOURCF ~, JT*NMQ] Spatial distribution for each row and
moment.

a. NMQ is not an input value but is computed from the number of strings read. NMQ must correspond
exactly to the number of moments in a Pn expansion of the source; e.g. NMQ must equal 1 for Po, 4
for PI, 9 for P2, etc.
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b. Only in option 4 is the complete pointwise source array, SOURCF(i,j,g,m), given. In all other cases, it
must be formed from the lower dimension arrays that are input. That calculation is done by forming
the product of those arrays. Thus, in option 3, where the source sp-wm, SOLJRcWiw), and the

spatial distributions SOURCX(i,m), SOURCY~,m), are given (for moment m), the fill source at
mesh point (iJ) in group g for moment m is calculated as follows:

SOURCF(i&g,m) = SOURCE(g,m)*SOURCX(i,m)*SO~CY(j,m)
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●
Boundary Source Input

{Optional}

Name Comments

----- For a text-input source, choose one of the following options:

Option 1: Isotropic Boundary Source.

SILEFf ~GROUP;JT] Isotropic source on the left side.
(Spectrum at each y mesh interval) (or z).

SIRITE ~GROUP;JT] Isotropic source on the right side.

SIBOTT [NGROUP;~] Isotropic source on the bottom side.

SITOP [NGROUP;IT] Isotropic source on the top side.

Option 2: Full Angular Boundary Source.a

SALEFT ~M*2b;NGROUP*JT] Angular flux on the left for each angle,
group, and y (or z) mesh interval.

SARITE [MM*2;NGROUP*JT] Angular fluxes on the right side.

SABO’1”1’[MM*2;NGROUP*IT] Angular fluxes on the bottom side.

SATOP W*2;NGROUP*IT] Angular fluxes on the top side.

Option 3: Boundary Source From Vectors.a c d

BSLITG ~GROUP] Spectrum on left side.
BSLITY [JT] Spatial distribution on left side.
BSLFI’A W*2] Angular distribution on left side.

BSRITG ~GROUP] Spectrum on right side.
BSRITY [JT] Spatial distribution on right side.
BSRITA W*2] Angular distribution on right side.

BSBOTG ~GROUP] Spectrum on bottom side.
BSBOTY ~T] Spatial distribution on bottom side.
BSBOTA M*2] Angular distribution on bottom side.

BSTOPG ~GROUP] Spectrum on top side.
BSTOPY UT] Spatial distribution on top side.
BSTOPA m*2] Angular distribution on top side.

a. This is the left side of the logical mesh, no matter which way(s) it faces.

b. See “Quadrature Details” on page 4-62 for value of MM.

c. The full angular source is constructed from a product of the vectors. For example, the source in angle m on
the left side of mesh row j for group g is (the source construction on the other faces is analogous):

S(m,gJ = BSLFI’G(g)*BSLITY(j)*BSLITA(m)

d. Any vector not entered explicitly is defaulted to unity.
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B1ock-VI Details: Edit Input*

Edit Spatial Specifications
{Requireda}

Name Comments

PTED Do edits by fine mesh. 0/1 = no/yes.

ZNED Do edits by zone. 0/1 = no/yes. (i.e., edit zone, not
SOLVER zone. See EDZONE input below).

POINTS[ SIT*JT] Fine mesh point (or interval) numbers at which point edits
{optional} are desired. USED ONLY IF PTED=l. (Default= all

points).

EDZONE ~JT] Edit zone number for each fine mesh interval. USED
{optional} ONLY IF ZNED=l. (default= SOLVER zones, see

SMZONES array, Block-11 on page 4-41).

1’ 1]

a. Either PIED or ZNED or both must be unity in order to produce reaction rate edits.

* More details for the input for edits are given in chapter “RUNNING THE EDIT MODULE” starting on
page 8-1.
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Reaction Rates from Cross Sectionsa
{Optionalb}

Name Comments

EDXS [~DT] Cross-section types to be used in forming reaction rates.
{required’}

May be entered by integer (denoting edit position of
desired cross-section type) or by the character name of the
cross-section type. See the table “Edit Cross-Section ~es
by Position and Name” on page 4-70 or “MENDF Library
Edit Cross Sections” on page 4-77 for the available names.
NEDT is the total number of edit cross-section types
available from the input cross-section library. (default = all
shown in the table).
Note: The cross-section types specified in this array apply

to any or all of the following edit forms: RESDNT,
EDISOS, EDCONS, EDMATS.

RESDNT Do edits using the resident macroscopic cross section at
each point. 0/1 = no/yes.

EDISOS [~SO] Character names of the isotopes to be used in forming
Isotopic reaction rates. The ordinal number may alternately
be used but is not recommended. (default= none).

EDCONS [~SO] Character names of the isotopes to be used in forming
resident Constituent (prtial macroscopic) reaction rates.
The ordinal number may alternately be used but is not
recommended. (default = none).

EDMATS [~T] Character names of materials to be used in forming
Material (macroscopic) reaction rates. The ordinal number
may alternately be used, but is not recommended. (default
= none).

X@ p] Fine mesh density factors for the x (or r) and y (or z)

YDF [JT]
directions, respectively. The density factor is used to
multiply resident Constituent (see EDCONS), macroscopic
(see MACRO), and resident macroscopic (see RESDNT)
reaction rates only. (default= all values unity).

a.

b.

c.

d.

See chapter “R~G THE EDIT MODULE starting on page 8-1 for further discussion.

But either something in this grouping or in the “Reaction Rates horn User Response Functions”
grouping must be input in order to produce reaction rate edits.

You must also enter one or more of the arrays EDISOS, EDCONS, EDMATS, or RESDNT.

If density factors were used in SOLVER to modify the cross sections at each mesh interval, the same
density factors must be provided here in the XDF and/or YDF arrays as well. The density factor at
mesh interval (iJ) is computed as:

XDF(i)*YDF@
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Edit Cross-Section Types by Position and Name

CROSS-SECTION INPUT VIA ISOTXS CROSS-SECTION INPUT VIA ASCII
or GRUPXS TEXT

m m
m Position -a m l?@kuJNiNI.lG

Chi 1 cm ..... not used 1 CHI .....

nu-fission 2 NUSIGF.. nu-fission 2 NUSIGF..

total 3 TOTAL... total 3 TOTAL...

absorption 4 ABs ..... absorption 4 ABs .....

(n,p) 5 N-PROT.. lb 5 EDIT1...C

(n,d) 6 N-DEUT.. 2 6 EDIT2...

(n,t) 7 N-m.. 3 7 EDIT3...

(n,alpha) 8 N-ALPH.. . . .

(n,2n) 9 N-2N .... . .

(n,ga.mma) 10 N-GAMM.. “ . .

fission 11 N-FISS.. N=IHT-3 4+N EDITN...

transport 12 TRNSPT..

a. Names are eight characters. A period within a name in this table denotes a blank.

b. Denotes position in the cross-section table. All cross sections in positions 1 through II-IT-3 in the
cross-section library are EDIT cross sections chosen by the user.

c. These are the default names that maybe overridden with the user-option names in the EDNAME array
of Block-JII.
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Reaction Rates from User Response Functions
{Optionala}

Name Comments

RSFE [NGROUP;M] Response function energy distribution for each of the M
{required} different response functions desired. The number of

different response functions is arbitrary (but must be
fewer than 500). Data are entered as M strings, each with
NGROUP entries beginning with group 1.

RSFX ~,M]b Response function x (or r) distribution for M functions.

RSFY [~,M] Response function y (or z) distribution for M functions.

{optional} The above data are entered as M strings of IT or JT
entries beginning with mesh point 1. (default=l .0).

RSFNAM ~] Character names for the user-input response functions
specified above. (default = RSFP1, RSFP2,...RSFPM).

a. But either something in this grouping or in the “Reaction Rates from Cross Sections” grouping must
be input in order to produce reaction rate edits.

b. The M-th response function at space point (i,j) and energy group g is computed as:

RSFX(i,m)*RSFY(j,m) *RSFE(g,m)
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Energy Group Collapse Specifications
{Optional}

Name Comments II

ICOLL ~G] Edit energy group collapsing option:

Number of SOLVER energy groups in each EDIT broad group.
The NBG entries must sum to NGROUR
(default = 1 energy group per EDIT broad group).

IGRPED Print option on energy groups. Enter one of the following
values:

Value Description

o Print energy group totals only

1 Print broad groups only

2 Print broad groups only (same as 1)

3 Print both broad groups and totals
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Reaction Rate
{Optional}

Summing

Name Comments

MICSUM [<500 sums] Cross-section reaction rate summing specifications.

The MICSUM array is a packed array with data entered
as follows: A set of Isotope numbers or names is given,
followed by a set of cross-section type position
numbers or names (see “Edit Cross-Section Types by
Position and Name” on page 4-70). Each of these sets
are delimited with an entry of O (zero). Reaction rates
are calculated for each Isotope specified for each cross-
section type specified and summed to form the fist
sum. The next two sets of data are used to form the
second sum, etc. Up to 500 sums can be specified. (for
more detail, see “Response Function Summing
Options” on page 8-13).

IRSUMS [c500 sums] Response function reaction rate summing
specifications.

The IRSUMS array is input as follows: A set of
response function numbers or names is entered and the
set delimited with an entry of O (zero). Reaction rates
are calculated using these response functions, and the
rates are summed to form the first sum. The next set of
data is used to form the second sum, etc. Up to 500
sums can be specified. See page 8-13 for more detail.

Mass Inventories
{Optional}

Name Comments

MASSED Calculate and print mass inventories by zone. 0/1/2/3 = none/
solver zones/edit zones/both (default=l ). This option is active
only if atomic weights are present. See AWT on page 4-58.
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Power Normalization
{Optional}

Name Comments

POWER Normalize to POWER megawatts.a
{required}

All printed reaction rates and the fluxes on files RTFLUX and
RZFLUX (if requested) will be normalized. Fluxes are normally
not printed here in the EDIT module, although they may be
extracted by using a unit response function. Any such fluxes will
also be normalized to POWER.

Contrast the normalization on these printed fluxes to those printed
by the FLUXP input in the SOLVER Block (see NORM on
page 4-61).

MEVPER MeV released per fission (default=210 MeV). This value will be
{required} used along with the calculated fission rate to determine the power.

For the power calculation, TWODANT/GQ needs to know which
cross section is the fission cross section. It uses the one from the
library that has the name N-FISS. If one uses an ISOTXS or
GRUPXS library that designation is automatically provided (See
“Edit Cross-Section Types by Position and Name” on page 4-70).
But if one uses an ASCII text library, either ODNTNP or XSLIB,
then the name N-FISS must be entered in the proper place in the
EDNAME array (page 4-50).

a. Note that this normalization is meaningless if you are using the results of art adjoint run.
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Miscellaneous Edit Items
{Optional}

I

Name Comments

RZFLUX

RzMFLx

EDOW

BWOLP

AJEDd

FLuxoNE

Write the CCCC standard zones flux file RZFLUX or AZFLUX.
0/1 = no/yes.

Write the code-dependent zoneb flux moments tile RZMFLX or
AzMFLx.
0/1 = nolyes.

ASCII output files control. Enter one of the following values:

Value
-3

-2
0

1
2
3

DescriIItion
Write both EDTOGX (without scalar fluxes) and
EDTOUT files.
Write EDTOGX file (without scalar fluxes).
Write neither file. (default).

Write EDTOUT file.
Write EDTOGX file (with scalar fluxes).
Write both EDTOGX (with scalar fluxes) and
EDTOUT files.

Printed point reaction rates will have been multiplied by the mesh
volume.
0/1 = nofyes.

Regular (forward) edit/Adjoint edit. Regular edit uses the
RTFLUX scalar flux file; adjoint edit uses the ATFLUX flux file.
0/1 = regular/adjoint.

Flux override. 0/1 = no/ves.
Replaces all the input ll~xes by unity. Useful for seeing the cross
sections used in cross-section edits. WARNING! Meaningful
reaction rates cannot be obtained when this switch is on.

II
a. RZFLUX and AZFLUX are organized by solver zones.

b. RZMFLX and AXMFLX are organized by solver zones.

c. See “ASCII File Output Capabilities (the EDOUTF Parameter)” on page 8-15.

d. See “Adjoint Edits” on page 8-15.
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Speciai Piot Linkage
{Optionai}

Name Comments

PRPLTED Write an ASCII file of the pointwise reaction rates to link to the
TECPLO’1% plotting package available commercially for a
SUN workstation.

0/1/2/3 = print only/nothing/tecplot file/both print and tecplot
file.

To exercise this option, the user must have set PTED=l. The code will calculate reaction
rates at all the fin; mesh intervals and any POINTS input will be ignored.

To link to the TECPLO~ code, the user chooses option 2 or 3. Separate ASCII files
called rsp.dat and med.dat will be written for the response function and material edits,
respectively. These files are in input form for the TECPLO~ preprocessor.

If option O (print only) is chosen, no TECPLO~ files will be written, but the reaction
rates will be printed. The format of this printout is organized in a two-dimensional way
unlike the normal printout from the EDIT module.

4-76 TWODANT/GQ USER’S GUIDE Version 3.0



TWODANTIGQ INPUT DETAILS Block-VI DetidS:EditInput

MENDF Library Edit Cross Sections

Reaction me Name Description

x

Vof

at

ca

(n,n)

(n,n’)

(n,2n)

(n,3n)

(n,y)

(n$a)

(n,p)

(n,f)

(n,n’)f

(n,2n)f

(n,F)

Xp

M

CHI

NUSIGF

TOTAL

A13s

MEND1

MEN-D2

MEND3

MEND4

MENDS

MEND6

MEND7

MEND8

MEND9

MENDlo

N-FESS

MEND12

MEND13

fission spectrum

effective nu-sigma-fission

Total cross section

absorption

elastic scattering

inelastic scattering

n,2n scattering

n,3n scattering

gamma production

alpha production

proton production

direct fission

second-chance fission

third-chance fission

[(n,F) = (n,f) + (n,n’)f + (n,2n)fl

prompt fission spectrum
(only for fissionable materials)

total fission spectrum
(only for fissionable materials)

IJ

a. Ga for groupg is definedas C= = %x~g+g’
g’

When using the Los Alarnos MENDF5 cross-section library with the codes, there are
numerous edit cross sections available for use in the Edit Module. Since these come
from the MENDF file, they are called upon with special character names in the Edit
Module as part of the EDXS input.

These names are defined in the table above.
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APPENDIX A: SAMPLE INPUT

Sample Problem: Supercell kefi Calculation

Our sample case is a hypothetical supercell consisting of a cluster of seven hexagonal
assemblies. A two-dimensional, meshed model of the midplane of the cluster is shown
in Figure 4.7. There are two types of assemblies, one a fuel assembly with seven hexag-
onal subassemblies, and the other a control assembly with a cylindrical control rod at the
center surrounded by, respectively, a fluid layer that allows rod movement and a tube of
cladding. The repeating pattern of the supercell is shown by the letters A and B. These
letters indicate that face A of one supercell is in contact with face B of another supercell.

A

/llll\ll\

\ I

Figure 4.7 Hypothetical Supercell Geometry
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Sample Problem: Output Description

Selected items in the output listing are described here. We focus on details of the geom-
etry description. For a more thorough description of output items common to both one
and two dimensional calculations, the reader is referred to Appendix A in the chapter
“ONEDANT USER’S GUIDE”.

The first item provided in the output is a listing of the input lines. This is shown on
page 4-85. We see the title lines followed by five Blocks of input. There is no Block-VI
input as no edits are wanted. Comments show where Block-VI would be entered.

The Block-I input, commented as such in the input listing, describes controls and dimen-
sions for the problem as a whole. Such items as the geometry option, the angular
quadrature, the number of groups, the number of isotopes and materials, and the mesh
size are specified here. The mesh size specified here need only be big enough to hold the
largest submesh; it does not have to be big enough to hold the final assembled mesh.

The Block-II input describing the geometry follows. We first see the spatial resolution,
XYEPS, specified. When mesh points are being matched within the code, two points
that are within XYEPS of each other will be considered to be the same point. We then
see that the user chosen names of two submeshes are entered and the SMIT input speci-
fies that the two submeshes are both of a rectangular format and have a row length of
eight.

The specification of the actual vertex points for both submeshes follows in the XVERT
and YVERT arrays. The two submeshes described by these arrays are those for the
upper half of the two hexagonal meshes shown in Figure 4.1. We take advantage of the
symmetry about the midpkme of the objects to be formed in order to economize on the
input.

Next follows the user chosen names for the submesh zonings and then, in the
SMZONES array, the actual zone numbers for each of the mesh intervals in the sub-
meshes. With the OBJECTS input we then form an object out of each submesh by spec-
ifying which zoning to use with that submesh. At this point, we have two objects which
are the upper half of the two top objects shown in Figure 4.2.

In the COMPONS array, we assemble two hexagonal components from the objects
formed above. Two instantiation of each object are used to form each full component,
one of them being fist rotated 180 degrees about its origin at the bottom center of the
submesh. We now have two components, one the full fuel assembly, and the other, the
control assembly.

Then, in the GEOMETRY array, we assemble the complete problem domain, consisting
of four instantiation of the fuel component and three instantiation of the control com-
ponent. The problem domain is now fully described and is as shown in Figure 4.7.

Finally, the boundary conditions are described. We choose to have a boundary segment
for each straightline portion of the periphery of the geometry. The endpoints for each of
the boundary segments are entered followed by the translational boundary condition
denoted by the integer seven, followed by the index of the boundary segment to which it
communicates.
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After we finish with the geometry description, we describe the cross-section library in
Block-III. PO cross sections for each isotope are entered in the input stream after
Block-III. We give each of the input isotopes a name. The MATLS input then says to use
the same names for the names of the materials, that is, do no mixing at this step. These
materials are then assigned with appropriate volume fractions to the COOLANT,
HOMOFUEL, CONTROL, CTRLTUBE, CTRLCLAD, and CTRLCOOL zones which
correspond to the numbers 1 through 6, respectively, in the SMZONES arrays of
Block-II.

In Block-V, we specify that this is a k-eigenvalue calculation (IEVT=l). We wish a PO

calculation of the flux and the fission source is normalized to 1.0.

After the input listing, we start to see the program’s interpretation of the input. This
starts with the heading”* case title” on page 4-87 and is followed by an interpretation of
the Block-I input. Under”* ...block iii - cross section library...” on page 4-87, we have a
summary of the cross section library and then under “* ... mixing instructions ...” on
page 4-88, we see the mixing input expanded.

The solver input from Block-V is then displayed. Note that under “* ...parameters from
block i...” on page 4-90, we see that the number of intervals in each of the x and y direc-
tions is shown. This is the size that the program has determined is needed for the assem-
bled complete mesh, and is not the size specified in Block-I, which was only that needed
for the largest submesh.

After the material assignment to zones input, together with possible concentration
search input is shown on page 4-90, we see a summary of the memory storage require-
ments and the values used for the quadrature constants.

The material map follows on page 4-91. This shows the material numbers for each of the
mesh intervals in the problem domain. Note that the intervals are displayed with the
interval count, i, running in the horizontal direction and the interval count, j, running in
the vertical direction. Since this may or may not correspond to the actual physical orien-
tations of the mesh lines and intervals, we refer to this sort of a map as the “logical” map
of the problem. Note that this particular case does not provide a full, rectangular array of
numbers. Rather, there are “logical holes” in the comers.

As far as the rest of the output shown, most of the items are self explanatory and give the
same information as a ONEDANT problem except for the two-dimensional differences.
However, we would like to focus a little more attention on two items that serve as diag-
nostics and goodness of solution verification for the problem run: the iteration monitor
and the balance table.

In considering the iteration monitor (page 4-92), we recall that for eigenvalue problems
we do source iteration for the inner or within-group scattering source and outer itera-
tions for the fission source. We also recall that the default (and recommended) strategy
to solve these problems is to do one inner iteration per group (two inners if there are
implicit boundary conditions) until the fission source has sufficiently converged, and
then to fully converge the inner iterations on the flux. This is reflected in the monitor
which is arranged in rows for each outer. The inner convergence is not shown until the
fission source has converged to near the input convergence criterion. The first outer, des-
ignated outer 1, is a pure diffusion calculation; the rest include the transport sweeps with
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DSA acceleration. Each column of the monitor gives respectively, the current CPU time,
the transport outer counter, the number of transport inners for this outer (usually equal to
the number of groups until the source is converged), the number of multigroup DSA
iterations (sub-outers), the eigenvalue estimate at this outer, the precision of the eigen-
value (change from the previous transport outer), the maximum pointwise flux change
(not important until the source has converged), the maximum pointwise fission distribu-
tion error, and information on the status of the inners. Note that at outer 5 the source has
sufficiently converged where now the inner iterations on the groupwise scalar flux can
be carried to completion. Thus it is seen that upon completion of outer iteration 6, the
whole problem has been converged. From the first column, we see that this was done in
2.06 CPU seconds on the Cray YMP.

The next item is the balance table on page 4-93 which gives quantities from the transport
equation integrated over the entire spatial domain of the problem for each group and the
sum of the groups. This particle balance is a measure of the integral goodness of the
solution and is equal to 1.O-sources/losses. Thus the extraneous source, the fission
source, and the inscatter are the source ingredients. The outscatter, net leakage and
absorption are the losses. The table for this problem shows that balance is achieved to
better than 2 parts in 106 for our single group and, since we have only a single group in
this testcase, for the total or group summed balance as well. Another thing we would
normally notice is the group totals of the inscatter and outscatter. This indicates how
well the cross-section set is balanced in the scattering matrix since these two quantities
should be the same in the absence of any (n,2n) or (n,3n) reactions. Treatment of the
(n,2n) and (n,3n) reactions varies with the cross-section processor, but it is common
practice to include the (n,2n) and (n,3n) cross sections in the absorption and total cross
sections, thus getting the loss reaction rate correctly and then to include twice the (n,2n)
cross section and thrice the (n,3n) cross section in the inscattering cross sections, thus
getting the scattering source in the group comectly. In this case, the total inscatter should
exceed the total outscatter by the amount of production due to the (n,2n) and (n,3n) reac-
tions. The nprod spectrum gives the number of fission neutrons produced in each group
and is useful for determining whether fissions are being produced in the thermal or fast
range, for example.
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Sample Problem: Output Listing
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***** ***** **ti****ti*** ***** ***** ***** ***** ***** ****ti********* ***** ***m* ti**ti**** ***** *n*** ***** ***** ***ti******h*****

**************************************** *************H**** ***** ***** ***** ***** *** M**** ***** ***** *h*** ***** ***** ***** ***h*tih
****& ***** *&********* ***** ***** ****n ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** m**** ***** ***** ***** ****k* ***** *k**h*

●

●
✎✎✎✍❞ ✎✎✎*+**&***** ****** ****k* ***** ***** ****w* **k** ***n* ***** ***** ***** ***** *ti******** k**** **w** ***n* ***** ***** ***** ti******Ak**ti

*
● mix -
● — —
●

● mtls
● —
●

●

☛

●

●

☛

●

●

●

●

●☛☛✎

=4m

;: S%&
3. ~

%
4. C&
5. C&l
6. CM.CXXJ

............●***.

Crd

C12d
fluid

d
● *.*

W-P &?E3iQe-c.
—— —

l.maxswxl,
1.ccom302,
1.mm32+oo,
l.oNmE+oo,
l.coJaE+m,

l.OmocE@o,
9.5wcwa, d = 3.cccmEn2, Cld 2.KcmE-02,
5.cmcm-02, pliXn 9.5cmcE-ol,
1.WXKE+OO,
1.cQm3mOo
1.OIXCIAO:

%q9taKtmix0xdm3**** **&** ****A**********

●&*********************

%yed mixcaId. *
●** ●*****************
**k** **k** **hti******** ***** ***** ***** ***** ***** w**** ***** ***** ****k** ***** ***** ***ti********** ***** ***** *ti****M******* ****e
●*b*** ***** *k A*******A*******

%?yCa bldcv~dv?s
*A*** *************************

M**** *k*** *******k****

%cf En5 ilpJtmallf#
ti*****A*k** ************

●
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**w** **w***********************,*****************,**,** ***,**** M**** ***** *-*** ***** **** -*,ti*****

***** ***** ti*****,******* ***** ***** ***** ***** **** -**** ***** **-m* ****** *-*** ****-*-** *,*** ***ti***
~ ~/m pcblm m m 03/17/95with SOIWC

●

● ~lR?’X%w -

vezsim 02-16-95h?ta--re.lm 3.0 mdine e

* ~Y ~

*************************************************,*********************************** ***** ****,***********-*-
●

● ...blcdcv-sllwrit-ph..
●

***********-*** *************** ******************** ******,**********************ti******ti*,*************ti******
*
●

●

☛

●

☛

●

●

●

☛

☛

●

●

☛

●

●

●

☛

●

●

●

☛

●

●

●

●

☛

☛

●

☛

●

☛

●

☛

☛

●

ravas
ilp.lt Ck12rdtd
——

...r13wiKdilmt(a7zw rEm2. s.23in)...

1. 1 icwt

0 0 *
0 0
0 0 ii

0 0 ik

0 0 ikt

0 0 ikb

1.oOp-04 l.ocp +
iltl

o 30 iitm

100 lCQ Oim
o 0 it.lim

2a3&acutim’ .’im scald

l&tauml tim limit(S3xxxi5)

*************** *******-** ***** ********** **,*****,****** *****-*****w*-*******,***,***********************
*****-*-*** ************,*********-** ********** **ti***************,*************-* *******m** ***-**

********** ********** ********** ***** *ti********,***, ***** ***** ***** ********** ***** *******ti*****-***** ***,*******
***** ***** ***** ***** ***** ***** ***** ***** ***** *** H***m******,*,* *ti,-****ti**** *********-***-***

*

*

●

. ..b3.dc v-sllveriqlkt (CmtinE@ . . .

**** -**** ---** -**** *,*** *,*** ***** ***** ***** **-** -*************-******************************
● ma*
●

il@z C?2Em3.td

●

*
● . . .
* ~L==@==b=Ym. mis2). . .
* O.omwx o.cmE+oo M@ * ki&t
* l.com+oo l.cmEwlo m* tin-

● o 0
*

influx 0/1m@s - red irp.tflux fih-fi:~tflux farcdjoint)
●

-o/lm&es-rEdiIpJt —
: : iq&i -3/-2/l/2/3-

*
—0fqB3xamI—e m—sLmts

-3-file
(CkEallti)

●

-; ~&~.y~F ~J●

●

●
z-=(~~1

*
3d+

●

●

☛

☛

☛

☛

☛

●

●

●

☛

●

☛

●

●

●

☛

☛

●

●

☛

☛

☛

●

☛

●

☛

●

o
0
0
0
0
0
0
0

...m~ (anwr=l==mlofd...

...P==@=emti-=dti imJt J.5%’s...
UEwi?s2chi
ty -/fuu lr&t-ix

-1/0/1/21~.chlm?/a31 ~leshxtms
-1/0/1/2iEdXqJichmeh.11 al-Q3Fs/wdam

-leftIxlxazy —
--i@=~—
-@~—
-kttmlxxmimy —

*
●

☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛ ☛☛☛ H**** **ti*********** ***** **-** w******,*******,********-***-***-**-**-*******
*ti*******************************w******,****,********-* *****w**w*******ti********************************
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************************ti*ti****** *******H**** ti************* ***** ***** ***** ***** ***ti********** **,** **, ******w*,******,**.
**h** ***** ***** *k*** ***** ***** ***** ***** ***** ***m*********************H***w**H*** ***** ***** ***w****ti**********M**,***

●

●

*

●
...~~~i...

● 106 * 10WU37 x-y/r-z
● 1 r&uu.p Xul&rofcrXqygIup
* : igl
*

-~~.ti.
rlll#gfenRMla2E

* —
* 2: it NT&r Of fin?nEhx@Hxd.s
* 24 jt NltX!cOf f.in?nEilymtene3s
*
●

●

●

***********4*****************************************************************************************4************h*****b*****
****A*************************4***************************************************************************************Ah****

************************H**** ***** ***** ***** ***** m**** ***** ***** ***** ***** ***** ***e*****************************4 ●*****

***** ***** ***** ***** ***** ***** ****w***************************ti*********w*******&**** k**** ***** ***** *ti******* ******,***

●

●

* ...m&-ial. assig’nEmtsto-.. .
●

●

●*6**************************

**mk39tc - ●***************************
●

●

●

zme-saal=sm-tigt3s inth?zlxE Of@tlauiaseCtin)*( U3+cl%lui)

* anxf= o.omME+oo*
●

●

☛

●

☛

●

☛

☛

●

●

☛

●

●

; ; %%5
3 2 l-nmEwl
4 2 bmhel
5 3axhml

3ccimXil
: 4ct.r
8 %%5 C&l
9 6c&lLxd

●

☛

*****************W****

%’9ta2tstom2=~*
●********************●*

●

●

●

☛

●

●

●

●

☛

☛

n’atet-ia.l
m. e

11o37

d d

I.c!amm+a
9.Y30mCEol
3.C@BXGo2
2.moCmwo2
5.CoommX2
9.XCmoE-ol
l.mCmoE+m
l.wYXQEtm
l.owCmEMX

O.cmoomoo
o.c4momoo
O.coowmoo
O.cmmxkoo
o.0m3cm+a
o.cmocmMo
o.L—momMo
o.ImoocEa
o.cmmcE+m

*zemti
*
●**********************
%ystartm~*
●*ah********************

●

;s8cmstatb
m

*
● 0.39232747EIC12
* ; o.m35027E+m
* 3 0.292327472MI
● 4 0.7%522.78E+CQ
● 5 o.m735027E@2
● 0.39232747JX0
● ; o.9622w4EmCn
● 8 o.793Q176E#Xl
● Q O W735027E+M

923274713@2

&a

o.9622994@E+m
o.793521761XQ
o.79352176E+a3
o.5m5m7wn
o.57735Ln7E@2
o.5mm27E+#3
0.39232747E+CQ
0.29232747%02
0.19232747E+02
0.39232747EXM
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●☛☛☛☛☛☛☛☛☛☛*H*** *.*** ***** ***** ***n* *n***w**~ ~**** M**** ***** ***** ***** *M*** w***********
************,********

*b’ - mtec-ial mp’
●**************M****

n-atbal qforjneshinterwh 24, to lan3int?&in&rm2s 1, tn 24.

***** ********** *-**w* ti************* ***** ***** ***** **-** -**** ***** ***** ***** ***** ************Ma*-

***** -**** **-** ***** ***** ***** ***** ***** ***** ***** M*ti*******,*** ***ti********** *********************,****

*

* ...- scctimrdatd. &l13fmnfilenBcrxs* 03/17/13.:05:VeKsi.M 1 ...

*m*** ***** ***** **** -**** ***** ***** ****ti********* ***** ti****-******** ******************************-**-
*
*
* lcml 211.M?l 3C3z.d 4ELuid
*

Sp.isn

*
●

☛☛☛☛ ✍☛☛☛☛ ☛☛☛✍☛ ☛✍☛☛☛ ☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛ ***w* ***** ********-*************-*******************-******

***** *************** -*ti**********-* *-*** **************-**************-**********************
*******ti******tiw** ***** *-*** ***** ***** ***** ***** ***** ***** *ti**********-* **************-w**************
●

● . . . itecatim Cubdsard uitetia....
●

***** **-** -**** ***** ***** ********** *****-* H***********************************-****-****,*

*

*

* ...i~ a-iteria-
.
●

* ==EKmt -
* Crit.ecim
●

-wm==- WfLw actimt.akn ifmlw2e.re&d

● iitl -imxriteratim~mtil mxarlim&b
*

1 t -
(i.e. fissim

* —) ~
i-km -kitimcxxnttixmm Ii&da

●
30 tennimt

(i.e: fish
es-

* —) ~
*-

●
~-fl~- 1. CK3E-04 ckesa-Ktkm-iI!n3r
Fer-.

*
● �✎��

● Critdal qmtitytntsst. WlhE
●

a2timtakEn ifva3.Er3ceF&d

●

—_
a.tml-s+bo+e rit..sracimmmt

——

●
100

w -~ lmJd&l& rEte blew)
termimw Sbmters

●
1.CQE44

w -r
bamthrabcutex

● T
1.WE-04

Eslb-u&r (seeIxXelAcw
*?n-rX&rsh-clJter

*

*************** -**** ********** ***** *,***********ti********** ***** *ti***w******** ***** *-*-ti********* *****
***-* ***** ***** ***ti*-******** ***** **-** ***** ***** ** H***, ***** ***** ****** ***** ***** *-*** ti***
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******n*** ***** ***** ***** ***** ***** ***** ***** ***** ***ti***** ***** ***** ***** ****+ ************n*****************************
***** ***** ***** ***** ***** ***** ***** ****k ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** *k*** k**ti********** ********

*

● . ..5.uKmieigmdw? ~a6mnit3xt311y a.c&mt...*
*+*******************h**ti********* ***** ***** ***** ****** ***** ***** ***** ***** ***** ***** ***** m**** fi************* ************
***** ************************
%w@artitetatim nmi.tm*
●*****************************
●

*
●

●

☛

●

●

☛

●

●

●

☛

●

●

☛

☛

..-
4.33 i 2
4.?4 2

0.99418%5 4.74215E-030.0MOOE@2 1.703~E41 ●%**
: 3 1.009817301.481.91E-022.mwwcn 1.42439E-02●W*

4.49 3 2 1.01026S951.03339EW4 5.43373E02 4.3663= *%**
4.76 4 2 { 1.030839474.W6M3M4 1.CL9W3E-021.5E84E—M ●%**
4.93 5 2 1.010726s3-1.17141E-045.843ME—M 6.33913.w04●%n**

—-iteaticm s.nn?ryfcxcxt.eriteratimrw. 6—

● qlltimd-er dLf6Edm
* (s32) n3. -d-0-#m* 5.52 6 7

+ ~-, ym~
1. 1CLW23 9.76S34E-067.44133CE

●

●

●
$$ssstia==!?===itf==+ “ –Gatif3fkdS$$s

: r-id.e =.- = +92433- tad -all mteta= Is

*************** ********** *********ti************************ ***** *************** **********************&n* ************hub*

*
●

*4*** *b*** ***** ***** ***** ***** ***** ***** ***** ***** M**** ***** ***** *4*** ***** ****4 ***** ***** ****4 ***** ***** ***** *b*k*a****

**e** ***** ***** ***ti********* ***** **ti*********** ***** ***** ***** *ti**********w* ***** ***** ***** ***** ***** ****h* ***************e
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******************** ***** ***** **** M**** ***** **** -**** *-M** ***** **ti***ti*****-* ***** ***** ***w* ti***
**** -**** ***** ***** ***** -**** **-** ***** ti********,*ti* ***** ***** ***-*, ***** -****, *****-**w************
●

●

●
. ..gm+.di tenitalaresqln~ . .

***w* ***** ****** ***** ****ti*******ti ***** ****ti*******ti ***** ***-*********-**w****************************,***
*
●

● . . .tit3.eF—
*

tKdmt/gq - m . . .

*
*
●

☛

☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛✍☛☛

*ky9ta2-t hlaxe table ●

● **************************
●

●

☛ 9P
●

* 1
●

● tat
*
●

*
* 9P*
● 1
*
* m*
*
*
* 9P
●

● 1
●

* E&
●

—
O.OMOOWE+OO

o.mooocm40

a---

9.9999993.241

9.9999991E-01

leftlc9bge

7.n6973?E-05

7.n69732E-05

. ..~6nb3kimf2 tahlfs... @ltmE ally)

—
1.@xo@30E+uo

LoLxmxEtoo

tide kikme
-1.924031CWCK

-1.924031OWO6

?xttan 3.mka@

-6.8418484E03

-6.84M484E-03

in Sfaf_er

o.Ooctmom

o.occcoooIxx3

*~
-7.6133049E05

-7.6133049E-05

-~
l. fxlmoE+cn

1.cfJ3’J3cclE+oo

self satta mt sratter

3.5451763E+O0 1.4210855E-14

3.5451763Etoc 1.42NS55E-14

bri~ 1- m-

1.C366933EX36 6.842@274w33

1.0366833E46 6.84282742-03

~-
2.0356399E-06

2.0156399Eb6

Wrtiml lealcags

9.78956WEW

9.7895660E-07

***** ****-**** ********** **,** ***** ***** -**** ****-**** ********** *w*** ***** **** -ti************ ***-**-

- ~~...- =.=P, - = 0.6 0.8 0.6 m swxxk.

%f%i?;w~”%%%%Oocmomuo
IEutKul 1 :oomooEtoo&a:=i

w-~f~-i
rRItxul 0.000wooliwo
mutzul 3.5451763EW0

mtqxal-mt~-i IlaXtul 1.421085514
!ntqral~ -i ~ 2.03.563992-06

mlubxxl 9.9999991E-ol
~-~r~’i rxat?xn -7 .6133049E+5

1,3.kxA rE@XUI 1.0366@33E-06
IEI&KX) 6.8428274Eo3&-:*&i
mut?sn 9 .7895664Eiu7

●

*
●

✎✎✎intafam tile ?t!mxwit.lxn..
*
●

☛
✎✎✎~Eile Szrxn9 Kri.ttm..

hdant itetatim tim2,nlim 9.2916E-U2
*****-**** **ti*w***************ti************* **,**************-**********w*******-********-*********-**,
***** *******w** ****-**** ********************-**** **************-**** ********** ***ti*******M*ti* ***-
●
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*
●**k*************************

nm hi@3ighm

4aysteI-cnnhi#l@&3 *
●****************************
●

●

☛

●

☛

●

●

●

☛

●

☛

●

●

●

●

☛

●

●

●**********W*************************

*
*
●

☞

☛

●

☛

●

●

●

☛

☛

●

✎

start 601WX 13231qm.

*
●

●

●

●

●

●

●
✎

●

●

●

●

●

●****6*********************************

*
*
* ==ai?=~w~
● *************ti**********************H*ti**4******* ******
* * Xnlsal km lm ml
*

-*
●nuMe uuds limit wmk

* .— —— —
●

●

●

☛

☛

☛

●

●

☛

●

●

☛

●

☛

☛

●

☛

●

●

●

●

●

☛

●

●

889$

L18d

24
0

1:

0

8894:
88947

453:
0
0
0
0
0
0
0

—— .
0
0

3cdi’
o
0
0

3cxxi
30CW

o

3c&
o
0
0
0
0

:
0
0
0

*
●

●

●

●

●

*
●

●

●

☛

☛
�✎

&

*

*
●

●

●

☛

●

●

●

●

●

●

●

●

● ✎✎✎

●

temi-ated . . .
●

☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛***n*****k**************************kw*4*************ti**********ti**************a************&***b*********
***** *H****************************k********w********-*************w***************M****************************b*
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APPENDIX B: OPERATING SYSTEM SPECIFICS

UNWUNICOS Execution

On UNIX or UNICOS systems, the input is on STDIN and the printed output is on STD-
OUT. Thus, the user will normally cause execution of the program with the command:

dant.x < odninp > Odnout

where dant.x is the name of the executable file, odninp is the user’s choice for a name
for the input file, and odnout is the user’s named output file. Whoever forms the
executable names the executable file. The name customarily used is dant.x.

STDERR contains a summary of the problem as it executes and, by default, is sent to the
terminal screen. Also included on STDERR are any error messages.
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Library Search Path

Most files read or written by TWODANT/GQ are in the current UNIX working direc-
tory. Some forms of cross-section files may be kept in other directories. By setting the
environment variable SNXSPA~, the user may specify an ordered set of alternate
directories in which the program should look for the named files. As an example, if an
ISOTXS file is in the directory, /usr/tmp/xs, then the following command can be
used

seterw SNXSPATH /usr/tmp/xs

and TWODANT/GQ will then lWk in that named directory for the library. The search
path for each of the possible libraries is given in Table 4.2.

Table 4.2 UNIX Search Path

LIB SEARCH PA~

MACRXS Current Working Directory (CWD).

GRUPXS SNXSPATH, then CWD.

ISOTXS SNXSPATH, then CWD.

I BXSLIB SNXSPATH, then CWD, but see text below. I
ODNINP None, the library is contained in the input file.

MACBCD CWD

XSLIBB CWD

MENDF Path defined in the code on UNICOS. MENDF binaries

m are unavailable for SUN.

I SNXSPATH, then CWD I
other For any name other than those above, the program will

assume the form is XSLIB and search for it in SNXS -
PATH, then CWD.

a. Available only at Los Alamos.

b. Available only at Los Alamos.

SNXSPATH canbe used to protect an input BXSLIB file from being overwritten. See the
discussion on page 4-49.
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United States Department of Energy under contract W-7405 -ENG-36.

An Affirmative Action/Equal Opportunity Employer

DANTSYS and TWOHEX are trademarks of the Regents of the University of Califor-
nia, Los Alamos National Laboratory.

This work was supported by the US Department of Energy.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any informa-
tion, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. References herein to any specific commercial produc$
process, or service by trade name, trademark, manufacturer, or otherwise, does not nec-
essarily constitute or imply its endorsement, recommendation, or favoring by the United
States Governrnent or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any
agency thereof.
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INTRODUCTION

a INTRODUCTION

The TWOHEX code is a modular computer program designed to solve the two-dimen-
sional, time-independent, multigroup discrete-ordinates form of the Boltzmann transport
equation.

llVOHEXm is based on the modular construction of the DANTSYSm code system
package. This modular construction separates the input processing, the transport equa-
tion solving, and the postprocessing, or edit functions, into distinct, independently exe-
cutable code modules, the INPUT, SOLVER, and EDIT modules, respectively. These
modules are connected to one another solely by means of binary interface files. The
INPUT module and, to a lesser degree, the EDIT module are general in nature and are
designed to be standardized modules used by all the codes in the package. With these
modules, production codes with different solution techniques are invoked simply by
executing different SOLVER modules in the package. This SOLVER choice is automat-
ically made by the package through an analysis of the input stream.

The TWOHEX code is then simply the DANTSYS package with a two-dimensional
SOLVER module based on an equilateral triangular mesh.

Some of the major features included in the TWOHEX package are:

1.

2.

3.
6

4.

5.

6.

7.

8.

a free-field format input capability designed with the user in mind,

highly sophisticated, standardized, data- and
defined and developed by the Committee on
and described in Ref. 1; both sequential file
techniques are used,

the use of standard Chebychev acceleration2’3
tions,

file-management techniques as
Computer Coordination (CCCC)
and random-access file handling

of both the inner and outer itera-

direct (forward) or adjoint calculational capability,

geometry domains for sixth core, third core, and whole core including appropri-
ate boundary conditions,

arbitrary anisotropic scattering order,

inhomogeneous (fixed) source or kefi calculation options,

nodallcharacteristic transport method for solution4 of the transport equation,

TWOHEX and DANTSYS are trademarks of the Regents of the University of California,
Los Alamos National Laboratory.
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9. user flexibility in using either ASCII text or sequential file input.

10. user flexibility in controlling the execution of both modules and
and

11. extensive, user-oriented error diagnostics.

submodules,

o
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DOCUMENTATION FOR TWOHEX USAGE

The documentation described here constitutes a complete manual for the use of the
TWOHEX code. It is intended to fully replace the former TWOHEX manuals

Included are two general categories of information. The fist category is in this User’s
Guide and is oriented towards preparing input to the code. The second category is of a
background, reference, conceptual, or theoretical nature and is intended primarily for the
novice or first time user; an experienced user generally needs only this User’s Guide.

What Is In This User’s Guide

This User’s Guide is a chapter from the much larger DANTSYS document. This Guide
provides the ASCII text input specifications for TWOHEX.

The guide is intended to serve as a complete input manual for two classes of user. Spe-
cial, succinct sections containing summaries and compact tables are intended for the
advanced user in order to make his input preparation more efficient. The main body of
the guide concerns itself with descriptions of the input and should be sufficient for the
user familiar with discrete ordinates concepts. Novice users may find other chapters of
the document necessary.

This Guide first gives an overview of the input block order required by the code.

Next is a “mini-manual” in which are listed all the names of available input arrays
arranged by input block. Definitions of input arrays are not given, as the names are sug-
gestive, but expected types and sizes are provided. This mini-manual is very useful to
the user as a quick check for completeness, a quick reference to type and size, and as an
index into the more detailed array descriptions that follow. For the experienced user, the
mini-manual is frequently all that is needed to prepare a complete input deck.

Following the mini-manual are reference sections describing in
parameters and arrays.

Appendix A provides a sample TWOHEX case with model, input,
tions.

detail all the input

and output descrip-

Lastly, Appendix B details operating system specifics, including how to effect an exe-
cution of the code.

Information of a reference, background, or theoretical nature that the Iirst time user may
need may not be found in this User’s Guide, but the user will encounter liberal refer-
ences to other chapters of this document for that sort of information.
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What Is Available Elsewhere

In addition to this User’s Guide, the user, especially the first time user, may find the
information below described in other chapters of this document pertinent. For even
greater detail on some of the general items, particularly the methods items, the user
should look at Ref. 6.

The chapter “DETAILS OF THE BLOCK-I, GEOMETRY, AND SOLVER INPUT”
starting on page 7-1 discusses in more detail the geometry and solver concepts and their
related input. If the User’s Guide proves insufficient for your needs, look in this chapter.
As TWOHEX is not as fuUy featured as the other codes in the package and does not use
diffusion acceleration, some of the information there is inappropriate for TWOHEX. A
useful section there is the one on the input of inhomogeneous sources. There is also
more detail on the Block-I input.

A discussion of how the EDIT module works and more detail on preparing the input is
given in the chapter “RUNNING THE EDIT MODULE” starting on page 8-1.

The chapter “FREE FIELD INPUT REFERENCE” starting on page 9-1 serves as the
reference manual for the free-field input (rules, format, and operators) used in this code.
That chapter is summarized in this guide, but should the summary prove inadequate, the
user is referred there for full details.

The chapter “CROSS-SECTION LIBIUUUES” starting on page 10-1 gives details of the
many library formats available to TWOHEX, including sections on how to prepare your
own card-image (or text) libraries.

The chapter “MA~RIAL MIXING TUTORIAL” starting on page 11-1 describes the
mixing concepts in detail and shows some examples.

Next is the chapter “ONEDANT, TWODANT, TWOHEX, TWODANT/GQ, and
THREEDANT — Methods Manual” starting on page 12-1. That chapter describes the
theoretical basis for the TWOHEX code as well as the other codes in the DANTSYS
package.

In the chapter “ONEDANT, TWODANT, TWOHEX, TWODANT/GQ, and THREED-
ANT — Code Structure” starting on page 13-1 is shown a brief overview of the code
package. Included are sections on programming practices and standards, code package
structure, and functional descriptions of the three principal modules comprising the
package. In particular, the code package structure must be understood in order to make
up input for piecewise executions of the code that are possible with controls that are part
of the input in Block-I.

Error diagnostics that the user might encounter are found in the chapter “ERROR MES-
SAGES” starting on page 14-1. Several examples of input errors and the resulting error
messages are provided for the user.

The chapter “FILE DESCIUPTIONS” starting on page 15-1 is a reference that describes
all the files used by the package. Included is a detailed description of the file structure of
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the code dependent, binary, sequential interface files generated by and used in the
DANTSYS package. Also included are descriptions of any other files produced or used
by the package, both binary and text. In some cases, this may simply be a reference to a
more comprehensive document, such as the file descriptions for the CCCC standard
interface files.
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a TWOHEX INPUT OVERVIEW

Input Block Order

The full TWOHEX input consists of a title section, followed by six blocks of free field
input. The title se&on is not free field. Any input referred to as a block uses the free
field input form.

Block-I consists of basic control and dimensional information that allows efficient pack-
ing of the array data. This information also allows checking of the lengths of arrays sup-
plied by interface files.

Block-II contains the geometric information

Block-Ill consists of the nuclear data specifications.

Block-IV contains mixing information.

Block-V contains the rest of the input needed for specifying the flux calculation.

And lastly, Block-VI contains the edit (i.e., repofi writing) specifications.

If a text cross-section library is to be included in the input deck, it should be placed
between Blocks III and IV. TWOHEX supports many library formats and so the library
may or may not be in free field format depending upon the option chosen.

A full input would then look like that diagrarnmed in Figure 5.1 on the following page.
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F
/

TMe Line(s)

(’ Block-I
(Controls and Dims)

T

/ Block-LI
(Geometry)

T

F
(

Text cross sections
(optional)

/
Block-IV
(Mixing)

T

Block-V
(Solver Input)

T

Block-VI
(Edit Input)

T

Figure 5.1 TWOHEX Input Order
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Free Field Input Summary

The chapter “FREE FIELD INPUT REFERENCE” starting on page 9-1 is summarized
here for quick reference.

There are four basic input quantities in the free field input used in TWOHEX; they are
ARRAY, DATA ITEM, BLOCK, and STRING. Each of these is briefly described
below along with the concept of an input operator.

4b2aYs

The “Array” is the most basic concept in the input. Data are given to the code by placing
data items in an “Array.” To make an input to an array, one simply spells out the array
name, appends an equal sign, and follows that with the data items to be entered into the
array. For example, input for the x distribution of the volumetric source, for which the
unique array name is SOURCX, might look like:

SOURCX= OOO1.11.1OOOOO

The above input would enter source values of zero for the first three intervals, 1.1 for the
next 2 intervals, and then fill the rest of the ten positions in the array with zero.

Data items within an array are separated by blanks or commas. In general, blanks may
be used freely throughout except within a data item, within an array name, or between
an array name and its equal sign.

Single value input variables are treated as arrays of unit length.

Numeric Data Items

Numeric data items follow a Fortran input convention. For example, all of the following
are valid entries for the number ten:

10, 1.0+1, lE1, 10.0

If a decimal point is not entered, it is assumed to be after the right-most digit.

Some arrays expect integer values for input. For such arrays, any input values contain-
ing a decimal point will be truncated.

~haracter Data Items

Character data items follow a Fortran variable name convention in that they are com-
posed of up to eight characters, the first of which must be alphabetic with the rest alpha-
numeric. However, special characters and blanks may be included if the data item is
surrounded by double quotes. Operators may NOT be used with character data items.

TWOHEX USERS GUIDE Version 3.0 5-19



. TWOHEXINPUT OVERVIEW Free Field Input Summary

Arrays are entered in groups called blocks. A block consists of one or more
any order) followed by the single character T. Thus T is the block delimiter.

arrays (in

ShhAfs

Arrays may need to
with a semicolon(;).
to input information

be entered in smaller uieces called strinm. Strings are delimited
When there is matrix& other 2-d input, s-tings ar~frequently used

by row rather than for the whole 2-d array at once. The code dic-
tates-this, the user has no choice. The user is made aware of which arrays require string
input through use of a certain notation, described later, in the input array descriptions.

A slash (/) maybe used to enter comments in the input stream. After a slash is read, no
further processing of that card-image is done.

QIXGM2M

Several data operators are available to simplify the input.

The data operators are specified in the general form

nO d

where:

n is the “data numerator”, either an integer or a blank;
O is any one of the “data operator” characters shown below; and
d is a “data entry” (may be blank for some operators).

Note: The “data operator” character must be appended to the “data numerator”.

Using operators, the SOURCX input described above could more succinctly be given as:

SOURCX=OO02R 1.1 FO

Note that the operators for FIDO-like repeat and fill were used and were appended
directly to the data numerator. In general, all the FID07 operators may be used in
numeric entry.

A table of the most used operators is given next including brief descriptions. For full
descriptions of these and a complete list of all the available operators, including the
more esoteric ones, the user is referred to “FREE FIELD INPUT DETAILS’ on page 9-
13.
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Frequently Used Operators

OperatoF Functionality

nRd REPEAT the data item d, n times.

nId INTERPOLA~ (linear) n data items between data item d and the next
data item.

nC d SCALE (multiply) the n previous entries by d.

Fd FILL the rest of the data string with the data item d.

nY m STRING REPEAT. Repeat the previous m strings, n times.

nLd INTERPOLATE LOGARITHMICALLY n data items between d and
the next d.

nz ZERO. Enter the value zero n successive times.

nS SKIP. Skip the next n data items.

nQ m SEQUENCE REPEAT. Enter the last m entries, n more times.

nG m SEQUENCE REPEAT WITH SIGN CHANGE. Same as the Q option
but the sign of them entries is changed every repeat.

nNm SEQUENCE REPEAT INVERT. Same as the Q option but the order of
the m entries is inverted each repeat.

nMm SEQUENCE REPEAT INVERT WITH SIGN CHANGE. Same as N
option but the sign is also changed every repeat.

nx COUNT CHECK. Causes code to check the number of entries in the
current string so far, against the number n.

a. The operator character must always be appended directly to n. d or m need not be immediately adja-
cent to the operator character.

TWOHEX USER’ S GUIDE Version 3.0 5-21



TWOHEX INPUT OVERVIEW m-rmmfi rm.TOdUCtiOO

MINI-MANUAL Introduction

On the following few pages is given a complete list of the input names, expected array
sizes, and order within the array. No description of the array contents is given in this
MINI-MANUAL as full details are given in later sections. The MINI-MANUAL is
intended to serve as a quick reference for the knowledgeable user.

In both the MINI-MANUAL and in the detailed sections which follow, a shorthand form
is used to indicate the size and order of the array that the code expects. This information
is enclosed in square brackets immediately after the array name. Essential features are:

1. A single entry in the brackets is the array length.

2. No brackets at all indicates a simple variable (i.e., an array of unit length).

3. A dash (-) in the brackets indicates an arbitrary length.

4. A semicolon (;) indicates that the input for that array is expected in strings. To the
left of the semicolon is the string length. To the right of the semicolon is the num-
ber of strings in the array.

5. If the number of strings is shown as a product, the order is important. The left-
most quantity must be exhausted iirs~ then, the next one to the right is varied. For
example, the array name for the full spatial source distribution is shown as:

SOURCF ~,JT*NMQ]

where - IT is the number of meshes
meshes in the Y-direction, and NMQ is
this array, the fist string is composed

in the X-direction, JT is the number of
the number of input source moments. For
of the P. source values for each x mesh

point in the first y mesh. The next string is the P. source values in the second y
mesh. This process is repeated for all JT y meshes. Then starting again with the
first y mesh, the PI source values for each x mesh are given. After all PI values
are given, the P2 values follow. Continue until all NMQ moments are specified.

Note: Usually, values for the quantities within brackets will have already been
specified in the input Sometimes, however, a quantity is derived from the
array input itself. For instance, in this particular case, NMQ is not an input
quantity; rather, the code counts the number of strings and then, knowing JT,
deduces what NMQ must have been.
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MINI MANUAL

Title Line Control Block-II: Geomet.rv
(316Format)
NHEAD,NOTI’Y,NOLIST DOMAIN valid: TI-URD

SIXTH
WHOLE

HEIGHT

Title Line(s)
ZONES pM;JM]

.-.------ —---------

@ NHEADM)
BSQ [1]
-or-

BSQ ~ONE;NGROUP]

/ Block-I: Controls & Dimensions

IGEOM
NGROUP
ISN
NIso
MT
NZONE
IT
JT

MAXLCM
MAXSCM

-- -- -- -- --

NOSOLV
NOEDIT

NOGEOD
NOMIX
NOASG
NOMACR
NOSLNP
NOED’I”T
NOADJM

T

T
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/ Block-III: Cross Sections

LIB
valid ODNINP

XSLIB
Zsoi’xs
GRUPX3
BXSLJB
MXCRXS
IU4CBCD
XSLIBB
(locid)MENDF
@xal)MENDFG
alternate XSLIB name

WRITMXS
valid: MACBCD

XSLIBB
XSLIBF
XSLIBE

LNG
BALXS
NTICI-H
CHIVEC [NGROUP]
LIBNAME
-- .- -- -- -- -- --

Rest of this block is needed only for text
libraries.

MAXORD

II-IT
II-is
IFLDo
ITITL
12LPI
SAVBXS
KWIKRD (defaultil)
NAMES [NISO]
EDNAME [H-IT-3]
NTPI [NIso]
VEL [NGROUP]
EBOUND ~GROUP+l]

T

/ Block-m Mixing

MATLS [-MT]
ASSIGN [-;NZONE]

PREMIX [-;-]

MATSPEC [-]
valid ARC

WTFRAc
ATDEN

Am [-]
MATNAM M’g
ZONNAM [NZONE]

T
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/ Block-v SOLV13R

IEVT
ISCT
ITH

EPSI
OITM
ITLIM

FLUXP
XSECTP
FISSRP
SOURCP

--- Flux Guess -------

Influx

--- Quadrature ---

IQUAD

--- Miscellaneous -–
NORM
BHGT

CHI [NGROW,M]

DEN ~~JT]
-or-

DENX ~Tl, DENY[JT]

----Volumetric Source----

INSORS
SOURCE [NGROUP;NMQ]
-or-

SOURCX ~~NMQ] and
SOURCY [JT~Q]
-or-

SOURCX ~~NMQ] and
SOURCY [~,NMQ] and
SOURCE [NGROUP;NMQl
-or-
SOURCF [~,JT*NGROUP*NMQ]
-or-
SOURCF ~,JT*NMQ]
and SOURCE ~GROUP;NMQ]

T

/ Block-VI: EDIT

IT13D
ZNED

po~s ~], -T*JT
EDzoNE ~nJT]

EDxs [K], -DT
RESDNT
EDISOS [K], -SO
EDCONS [K], I@JISO
EDMATS [K], -T
XDF ~]
YDF [JT]

RSFE ~GROW,-]
RSFX [I%-]
RSFY [~,-]
RSFNAM [-]

ICOLL [K], I@NGROUP
IGRPED

MICSUM [-]
IRSUMS [-]

MASSED

POWER
MEVPER

RzFLux
RzMFLx
EDOUTF
BYVOLP
AJED
FLuxoNE

T
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●I
TWOHEX INPUT DETAILS

Introduction

The following pages of this section give details for each of the input arrays. All valid
TWOHEX arrays are discussed in this section in detail complete enough to form the
input.

However, the beginning user, particularly one unfamiliar with discrete-ordinates codes,
may find that he is missing some information of a background nature. See “What Is
Available Elsewhere” on page 5-14 for that.

First, here are a few general instructions:

1.

2.

3.

4.

All six of the input blocks are normally included. Block-I is always required but
any of the other five blocks may be omitted under the proper conditions. The
input module reads each block in turn and from it generates one or more binary
interface files. The interface files drive the SOLVER and EDIT modules. Thus, if
the user wants no edits, the Block-VI input may be omitted. Then with no inter-
face file, the EDIT module will not be executed. Alternatively, if the interface file
is available from another source, the corresponding block of input may be omit-
ted. For instance, Block-II describes the geometry. The input module normally
writes this information to the GEODST interface file. If the GEODST file is
available from another source or a previous run, the Block-II input may be omit-
ted.

A general theme of the TWOHEX input is that arrays that are not needed are not
entered. Presence of an array indicates that it should be used. Thus, for example,
if the density array is entered (DEN array), the cross section at each mesh interval
will be modified accordingly. No separate switch need be set to say that the cal-
culation should be done. To eliminate the density modification, simply remove
the DEN array from the input or comment it out.

The arrays, in general, are grouped in the input instructions according to func-
tion. Thus, for example, the input arrays for the volumetric source are found in a
single table, or grouping, of input.

Groupings of input data may be marked as “Required” or “Optional” in order to
guide the user and speed navigation through the input instructions.

“Required” means that at least one of the arrays in the grouping must be entered.
Thus, you must read through the grouping and enter at least one of the arrays
found there.
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Groupings marked “Optional” may be skipped if the subject is inappropriate.
Thus, using the previous example, if one has no volumetric source, one simply
skips to the next grouping of input; there is no need to read about any of the
arrays within the volumetric source grouping.

Arrays in groupings not marked as “Required” or “Optional” should be reviewed.
These groupings contain arrays of vital data that are used in every calculation,
but have default values. Thus, although you may not make any input to these
arrays and they are in that sense optional, you must concern yourself with them to
ensure that the default values are what is intended.

5. Input arrays may also be marked individually. If not marked, they inherit the
marking of the grouping in which they are contained. Thus, an unmarked array in
a “Required” grouping is required input and you must enter that array. An
unmarked array in an “Optional” grouping is optional.

You may encounter a “Required” array within an “Optional” grouping. That
means that if you decide to invoke the option represented by that grouping, you
must input that particular array. For example, if you want user defined response
function reaction rates calculated, you must input the RSFE array.

All arrays within unmarked groupings are optional. However, values in these
arrays may be used by the code, so you should concern yourself with the default
values if you choose not to enter a value.

6. Unless specifically noted otherwise, the default on all numeric inputs is zero.

-7. In an adjoint run, none of the groupwise input arrays should be inverted. The
code will externally identify all groups by the physical group number, not by the
calculational group number (the calculational group number is in inverse order).
Thus, the user interface should be consistently in the physical group order.

8. The use of information within square brackets to indicate the size of arrays and
strings and the order within those arrays is the same as described in “MINI-
MANUAL Introduction” on page 5-22.

9. Except where noted, arrays and strings must contain the exact number expected
by the code (as indicated in the array or string description). If not, the code will
eventually abort with a (hopefully) descriptive error message or messages.

10, New users reading these instructions for the first time and unfamiliar with the
TWOHEX input may find it helpful to follow the sample input in Appendix A
while reading this section.

11. Array names are shown here in upper case. What you should actually input for
them will depend upon the code’s implementation on your platform. At the
present time, on most platforms, you should use lower case input.
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12.

13.

14.

Items in italics in the input instructions indicate actual values that maybe entered
for an array. You will frequently find switches where the input is the digit Oor the
digit 1. This will be represented by 0/1 in the input description. In other arrays
where an exact character string is required such as “ISOTXS” in the LIB array,
you will find the notation ZSOT2LS. Note that in this notation the word is both
upper case and italicized. This combination means you must enter exactly those
characters. Again, although the characters will be shown herein upper case, what
you should actually input for them will depend upon the code’s implementation
on your platform.

When a template for the input form is given, as for the MA’S array, the style in
the template tells the user what is expected. If an input word or value is lower
case and italicized, the user is to replace that position with the entry of his choice.
Lf the input word is in italicized style and in upper case, the user is to input
exactly those characters to achieve the desired result. Depending on the imple-
mentation on your platform, the input word, itself, is usually in lower case.

Units to be used for the input quantities are not spelled out as they only need to
be self consistent. However, the following are commonly used: Dimensions in
centimeters, isotopic cross sections in barns per atom; then it follows that atom
densities are in atoms per barn-centimeter. Sources are particles per cm3 per sec-
ond for volumetric sources and particles per cm2 per second for boundary
sources; fluxes will then be in particles per cm2 per second.
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Title Line Details

Title Line Control
(format 316)”

{Required}

Word Name Comments

1 N-HEAD Number of title lines that follow.b

2 NOTTY Suppress output to on-line user
terminal?
0/1 = nolyes.

3 NOLIST Suppress listing of all ASCII text
input?
0/1 = no/yes. (default=no)

II

a. WARNING!Note that this first line is in fixed format.

b. Follow this control line with NHEAD title lines containing descriptive comments.
Each title line may contain up to 72 characters.
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B1ock-I Details: Dimensions and Controls

Dimensions
{Required}

Name Comments

IGEOM Geometry. Enter 9 for equilateral triangles
or the following character string:

IGEOM= HEX

NGROUP Number of energy groups.

ISN Sn order to be used. If ISN is negative, code will use
the Chebychev-Legertdre (IQUAD=2) quadrature set. [See IQUAD
input on page 5-47]

NIso Number of physical isotopes on the basic input cross-section library.

Number of physical materials to be created.

NZONE Number of geometric zonesb in problem.

IT Total number of triangles in each horizontal band.

JT Total number of bands (must be IT/2 for THIRD or SIXTH core
domains).

a. Material is defined on page 5-41.

b. Zone is defined on page 7-13.
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Storage Requirements
{Optional}

Name Comments

MAXSCM Length of SCM desired (default=4000010)

MAXLCM Length of LCM desired (default= 14000010)

The above input (Dimensions plus Storage Requirements) for Block-I will cause the
code to attempt to produce a full run, subject to availability of the input normally found
in the other Blocks. The controls below allow shortened print files, partial runs (say, of
only the input module), or cause the code to ignore any of the other input Blocks
present. For full details on their use, see “PIECEWISE EXECUTION’ on page 13-19.

Run Configuration Controls
{Optional}

Name Comments

NOSOLV Suppress solver module execution. 0/1 = no/yes.

NOEDIT Suppress edit module execution. 0/1 = no/yes.

NOGEOD Suppress writing GEODST file even though the geometry input
@lock-II) may be present. 0/1 = no/yes.

NOMIX Suppress writing mixing files even though the mixing input in
Block-IV may be present. 0/1 = no/yes.

NOASG Suppress writing ASGMAT file even though the assignment input
in Block-IV maybe present. O\l = no/yes.

NOMACR Suppress writing the MACRXS file even though both Block-ILI
and Block-IV may be present. O/l = no/yes.

NOSLNP Suppress writing the SOLINP file even though Block-V may be
present. 0/1 = no/yes.

NOED’M’ Suppress writing the EDITIT file even though Block-VI may be
present. O\l = no/yes.

NOAD.JM Suppress writing the ADJMAC file even though an adjoint
calculation is called for. 0/1 = no/yes.

Note: Default on all these controls is no.
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Block-II Details: Geometry

Geometry Arrays
{Required}

Name Commentsa

DOMAIN Specifies the orientation and boundary conditions of the
solution domain. Enter as a character data item one of
the following five character words.

Word Description

THIRD Solution domain is a rhombus with a
120 degree angle at the lower left corner,
that is, at mesh point (1,1). There are
rotational boundary conditions on the
left and bottom, vacuum on the top and
right.

SIXTH Solution domain is a rhombus with a 60
degree angle at the lower left corner, that
is, at mesh point (1,1). There are
rotational boundary conditions on the
left and bottom, vacuum on the top and
right.

WHOLE Solution domain is a rhombus with a 60
degree angle at the lower left corner, that
is, at mesh point (1,1). There are
vacuum boundary conditions all around.

HEIGHT Specifies the height of a single triangle.

ZONES W;J?A] Zone numberb for each triangle. This array defines the
geometric zones to which cross-section materials are
assigned. The zone number must not be greater than
NZONE.

BSQ [1] Buckling to use at every triangle or the buckling by
-or- zone and group. If the number of strings entered is less

BSQ than NGROUP, then the last string entered will also be
~ONE;NGROUP] used for all omitted groups.
{optional} CAUTION: Subsequent input of a buckling height via

the BHGT array in the SOLVER block input will
override the BSQ input.

—

a. The information entered in this block is written to the CCCC standard interface file GEODST. See
note on units on page 5-29.

b. A zone number of zero indicates the mesh contains a void and no cross section will be associated
with that mesh. The zero zone number is not counted in the total zone count NZONE. .
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B1ock-111 Details: Nuclear Data

Nuclear Data Type and Options
{Required}

Name Comments

X3 Namea and form of the cross-section data file.
Enter as a data item one of the following words:

Word J3escriution

ISO?X~ CCCC standard isotope ordered binary cross-
section file.

XSLIB ASCII text library supplied in a separate file
named XSLIB.

ODNINP ASCII text library follows after this block of
input (after the T of Block-III).

GRUPX~ CCCC standard group ordered cross-section file.

BXSLIB Binary library supplied as a separate file named
BXSLI13. [See “Binary Form of Card-Image
Libraries (the BXSLIB file)” on page 10-12.

MACRX+ Use existing files named MACRXS for
SOLYER module, SNXEDT for EDIT module.
These files were created in a previous run. Under
this option, any remaining Block-III input and,
unless otherwise specified in Block-I, any
PREMIX and MATLS input in Block-IV will be
ignored.

XSLIBB See “XSLIBB Card-Image Library File” on page
10-12.

MACBCD ASCII form of MACRXS file.

A4ENDF (LANL only) See “The Los Alarnos MENDF5
Cross-Section Library” on page 10-13.

MENDFG (LANL only) See “The Los Alamos MENDF5G
Gamma Cross-Section Library” on page 10-14.

other If a word other than those listed above is entered,
the code will use the file with that word as its
name, provided that file exists in the user’s file
space. Such a file must be structured as an
XSLI13 file.

Controls the code’s writing certain ASCII cross-section Iiles.e
{= Enter one of the following words:

—
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a Nuclear Data Type and Options (Cont.)
{Required}

Name Comments

Word Descn “ution

MACBCD Creates the cross-section file named MACBCD,
an ASCII image of the MACRXS binary file.

XSLIBB Creates the cross-section file named XSLIBB, an
ASCII image of the BXSLIB binary file.

XSLZBE Creates the cross-section file narrted XSLIBE, an
ASCII file derived from, and corresponding to,
the MACRXS binary file. XSLIBE is in Los
Alamos 6E12 format (IFIDO=O).

XSLIBF Creates the cross-section file named XSLIBF, an
ASCII file derived from, and corresponding to,
the MACRXS binary file. XSLIBF is in FIDO
lixed-field format (IFIDO=l).

LNG Number of the last neutron group in a coupled neutron-photon
{optional} library. Used only to separate neutrons from gammas in the edits.

BALXS cross-section balance control. Enter one of the following values:
{optional} WARNING See page 10-21 before using!

Value Descri~tion

-1 balance cross sections by adjusting absorption
cross section.

o do not balance cross sections. (default)

1 balance cross sections by adjusting self-
scattering cross section.

NTICHI MENDF fission fraction to be used for the problem (LANL only).
{optional} 1/2/3 = Pu239/U235/U238 (default is U235). Will be overridden

by any CHIVEC input described below or by any zone-dependent
CHI in input Block-V.

cHfVEc Chi vector (fission fraction born into each group). Used for every
~GROUP] isotope. Wfl be overridden by any zone dependent CHI input in
{optional} Block-V.

—
a. On UNIX systems, the user may specify a search path for some of these tiles using the environment

variable SNXSPATH. See “Library Search Path” on page 5-76 for details.

b. The CCCC standard for file ISOTXS does not allow the inclusion of the 2L+1 term in the higher
order scattering cross section. However, if you have a nonstandard file which contains the 2L+ 1 term,
you may override by setting 12LPI=1. See ‘Text Cross-Section Library Format” on page 5-38.
TWOHEX will then convert the cross sections to the appropriate internal form.

c. The 2L+1 term on GRUPXS is treated the same as for ISOTXS. See foomote b.

d. In the convention used in this user’s guide, a MACRXS library contains “material” cross sections; all
the other libraries contain “isotope” cross sections.

e. See “COUPLED NEUTRON-GAMMA CROSS SECITONS” on page 10-15.
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Alternate Library Name
{Optional}

Name Comments

LLBNAME Alternate name of the library file. May be used only with certain
types of libraries. See Table 5.1.

1 II

The entries in the LIB input variable normally dictate both the form and the name of the
cross section library. If the user specified ISOTXS, for example, the code would look
for a file named ISOTXS and expect it to be in the CCCC format for an ISOTXS file.

For some libraries, the user may speci@ the form in the LIB array and specify separately
the name in the LIBNAME array. The libraries that can be treated this way are shown in
Table 5.1.

Table 5.1 LIBNAME Availability

E!E+=+
I ODNINP I No I

I MACBCD I No I

I XSLIBB I No I

MENDF I No I

IMENDFGb I No I
I XSLIB I Yes I

other I Ignored I
a. Available only at Los Alamos.

b. Available only at Los Alamos.
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The BXSLIB file requires special treatment. It is normally created when the original
library is a text library in the ODNINP or XSLIB form. In subsequent runs, this binary
BXSLIB file maybe used as the source of the cross-section data. The user may wish to
save this file under another name. The program, in fkture runs, may then access the
library for reading by using LIBNAME to specify that name.

This procedure is wise because some cases using the BXSLIB form as input also require
rewriting it in order to add new information. When this situation arises, the rewritten file
is always named BXSLIB. Thus, if the original BXSLIB form library had a different
name, it would be protected from being overwritten. For the remainder of the current
run, the program will access the file named BXSLIB.
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Text Cross-Section Library Format
{Required if LIB= XSLIB or LIB=ODNINP}

Name Comments

MAXORD Highest Legendre order in the scattering tables.

Number of positions (entries) in each row of the
cross-section table.

Position number of the total cross section.

EIs Position number of the self-scatter cross section.
(optional} (default = IHT + 1).

mo Format of the cross-section library.
{optional} -1/0\lZ2 = Precision(4El 8)/Los Alamos(6E12)/fixed-

field FIDO/free-field.

IITTL A title line precedes each table. 0/.. = no/yes
{optional}

[2LP1 Higher order scattering cross sections on the library
{optional} contain the 2L+1 term. O/l = no/yes. Note: For a

non-standard ISOTXS or GRUPXS that contains the
2L+1 term, enter a 1 here.

SAVBXS Save the binary form of the ASCII text library
{optional} XSLIB or ODNINP for use in a subsequent run.

Saved on file BXSLIB. O\l = no/yes.

KWIKRD Process fixed-field FIDO-format, ASCII text library
{optional} with fast processor at the sacrifice of error checking?

0/1 = no/yes (default=yes).

NAMES [NISO] Character name for each of the input isotopes. Can be
{optional } used later in mixes. (default names are: 1S01, 1S02, .

. . etc.).

EDNAME W-3] Character name for each of the EDIT cross-section
{optional} positions used in the cross-section edits. These are

the positions before the absorption cross section in
the cross-section table. (default names are: EDIT1,
EDIT2 , . . etc.).

NTPI ~SO] Number of Legendre scattering orders for each
{optional} isotope in the library. (default=MAXORD+l in all

positions).

VEL [NGROUP] Speeds for each group. Needed only for alpha
{optional} calculations.

EBOUND ~GROUP+l] Energy boundaries for each group.
{optional}
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ASCII text libraries may be entered in one of the four forms indicated by the IFIDO
input. AU four forms share the following features: Cross sections are entered in a table
optionally preceded by a title line. A table consists of NGROUP rows of entries. Each
row contains the cross sections for a single group and consists of IHM entries. The user
specifies the positions in the row occupied by the total and selfscattering cross sections.
Order within a row (e.g., for group g) is then as follows:

Notice that all terms in the scattering matrix are in positions relative to that of the self-
scattering position and the rest of the cross sections are in positions relative to the posi-
tion of the total cross section. The positions before the absorption cross section are
frequently used for edit cross sections. For more detail, see “Ordering of Cross Sections
Within a Cross-Section Table” on page 10-10.

Different Legendre orders are in different tables, which follow in order.

The user may order the group structure either by increasing energy or by decreasing
energy. However, it is conventional and desirable for most problems to order it by
decreasing energy, that is, group one is the highest energy. In that case, the scattering
cross sections to the left of ag+g such as og+l +g are upscattering terms and the terms to

the right of Og+g are the downscattering terms.

In the Los Alamos format, the table is entered with a standard Fortran 6E12 format.

For greater precision in your input, use the4E18 option.

In the fixed field FIDO format that ANISN uses, entries are made in six twelve-column
fields. Each twelve-column field is divided into three subfields, a two-column numeric
field, a one-column character field, and a nine-column numeric field. See page 9-19 for
details if you are not familiar with this input. The last field in each table must have the
character Tin the character position. No array identifier should be used. This format also
restricts the usable input operators to T, *, R, -, +, and Z.

In the free field form, entries do not have to be in designated columns. Rather, the rules
specified in the chapter “FREE FIELD INPUT REFERENCE” starting on page 9-1
apply. Each table in this form is also terminated with the character T. No array identifier
(i.e., array name with appended equals sign) should be used.
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Block-.IV Details: Cross-Section Mixing

A short summary of the primary mixing arrays, MATLS and ASSIGN, is given here for
quick reference. Normally, THESE TWO ARRAYS ARE REQUIRED and, in most
problems, would be the only arrays in this block. Other mixing arrays are also briefly
described.

There are actually several nested levels of mixing. Each level has the job of calculating
k

values from expressions of the form: Zg = z Ni~i, ~ for each group, g. The user’s job
inl

is to input the ZVifor all the k components of the mixture and to specify each component,

i. Component i has the cross section, ~i,~. In common usage, for the first level of mix-

ing, Oi,g is the effective microscopic cross section and Ni is the atom density of isotope i,
and Xg is then the macroscopic cross section of some material. In a higher level of mix-

ing, these materials may be homogenized into a single material by using their volume
fractions for the Nfi With several nested levels, the user has a great deal of flexibility in

defining what Zg is for that level. A more complete discussion of mixing will be found in
the chapter “MATERIAL MIXING TUTORIAL” starting on page 11-1.

A discussion of cross section processing is outside the scope of this document, but it
should be noted that the user needs to be aware of the processing that is inherent in the
input library. For instance, for materials in which there are isotopes with cross-section
resonances, self shielding of the cross sections for these isotopes may be important and
this effect must have been considered in the preparation of the “effective” microscopic
cross sections for these isotopes. Since the self shielding is dependent on the amounts
and types of the other isotopes in the material, the “effective” cross section is strictly
valid only for use in a mixture which has the same composition as was used in the self
shielding calculation. If the user desires to use this same “effective” microscopic cross
section in some other composition (mix) of material, it is up to the user to verify the
accuracy of this approach.
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Primary Mixing Arrays
{Required}

Name Description

MATLsa [-;MT] Instructions for mixing “isotopes” or premixes into
“materials.” See details below.

ASSIGNb [-;NZONE] Assignments of materials to geometric zones. See
below.

PREMtx [-;-] Instructions for mixing “isotopes” into premixes. See
{optional} below.

—
a. The information entered in the MATLS array is written to the CCCC standard interface files NDXSRF

and ZNATDN.

b. Information entered in the ASSIGN array is written to the code-dependent interface tile ASGMAT.

In order to understand how cross sections are mixed and the resultant material placed in
the problem, we first need a little conceptual information.

.

The key entities used in specifying the cross-section spatial distribution are coarse mesh,
zone, isotope, and material.

The basic geometry of the problem is defined with the coarse meshes specified in
Block-II. The geometric areas called zones are also defined there using the ZONES
array; the ZONES array designates the zone number assigned to each coarse mesh.

Here in Block-IV, we mix cross sections and assign them to the zones created in
Block-II. For the purposes of this discussion, the cross sections found on the input
library belong, by definition, to “isotopes,” no matter what their true nature. These “iso-
topes” may then be mixed to form materials, using the MATLS array. Materials are then
assigned to zones using the ASSIGN array.

MATLS hmut arrav

The general form of a MATLS mix instruction is shown below:

MATLS= mutl compl denl, comp2 den2, ...etc .... ;

where matl is the desired character name of the first material and compl, comp2, and so

on are the character names of its components which have “densities” of, respectively,
den], denz, and so on. Additional materials (i.e., mut2, mat3, and so on up to the required

number, MT) are defined in subsequent strings. Each string may contain as many com-
ponents as necessary (actual limit= 500). A component is usually an isotope from the
library, but may also be a temporary material created by the PREMIX array (see below).
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When the component is an isotope, the deni is commonly the atom density of the isotope

in that material although other definitions exist (See MATSPEC on page 5-44).

Short form: MATLS= ZSOS

This form specifies that there should be as many materials as isotopes and that isotope
number 1 is to be used for material number 1, isotope number 2 is to be used for material
number 2, and so on.

In the special case where there is only a single component in a material and its density is
unity, the density entry may be omitted as in the first material below:

MATLS= mat] compl; mat2 comp2 den2; ...etc .... ;

Ass IGN immt arrav

The general form of the ASSIGN instruction is shown below:

ASSIGN= Zonel matl Voll, mat2 V012,...etc .... ;

where zonez is the desired character name to be used for the first zone (the one speeified

with numeral 1 in the ZONES array). mutl, mat2, and so on are the character names of

the materials that will be present in this zone with, respectively, the “volume fractions”
Volz, V012,and so on. Additional zones (i.e., zone2, zone3, and so on up to the required
number, NZONE) are defined in subsequent strings. Although it is highly recommended
that you use character names, here it is convenient to use the numeral for the zone name
because it is the same numeral entered in the ZONES array.

Short form: ASSIGN= MAZZJ.I

This form specifies that there are as many zones as there are materials, and that material
number 1 is to be assigned to zone number 1, material number 2 to zone number 2, and
so on.

NOTE: The short form ASSIGN=MAZZS can not be used if you intend to use the
ASGMOD input array described later in this section.

.
mt arrav

The PREMIX array forms temporary materials in a way exactly analogous to the way
that permanent materials are formed in the MATLS array. The difference in treatment is
that the temporary materials created by PREMIX exist only long enough to complete the
mixing; they are not available for assignment to geometric zones, nor are they available
for use in material edits.

The general form of a PREMIX mix instruction is shown below:

PREMIX= tmatl compl den], comp2 den2, ...etc .... ;
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where tmatl is the character name of the fist material and compl, comp2, and so on are

the character names of its components which have “densities” of, respectively, denl,
denz, and so on. Additional temporary materials (i.e., tmatz, tmatj, and so on) may be

defined in subsequent strings. A component maybe either an isotope from the library or
another temporary material created by PREMIX.

The PREMIX array is useful for organizing the mixing input. For instance, it is fre-
quently useful to mix the cross sections for a molecule of water and then in subsequent
mix instructions, to input the molecular density of water as opposed to entering the atom
density for both hydrogen and oxygen. Other examples are to form average cross see-
tions for an element composed of many isotopes, or to form full density materials and
then in later mix instructions to put in the volume fraction of the full density material.

Character Names vs. Numeric Names

In the foregoing discussion, isotopes, materials, and zones were identified by their char-
acter names. Optionally, they may be referred to by their ordinal number. Thus, 2 for an
isotope name would call for the second isotope on the library. However, this practice is
NOT recommended.

THE CHARACTER NAME FORM IS HIGHLY RECOMMENDED. It provides the
most straightforward, most readable form. If the character name form is used, the nam-
ing input arrays in the following table are not needed.

Using the character name form in one array and the numeric name form in another array
is particularly discouraged. However, should one wish to use the numeric form in the
MATLS and/or ASSIGN arrays, and then subsequently associate character names with
the ordinal numbers, one can use the naming arrays in the following table to do so. This
situation could arise if, for some reason, one wanted to use material numbers in the
MATLS array, but use character material names in the ASSIGN array.

When the library is of the MENDF form, the character names that must be used for the
isotope names are discussed in “The Los Alamos MENDF5 Cross-Section Library” on
page 10-13.

Concentration Search

The concentration search has not been implemented in TWOHEX.
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Miscellaneous Mixing Input
{Optional}

Name Comments

MATNAM MT] Character material names for Materials. Used only if
the mat] name used in the MATLS array was integer.
First entry in MATNAM array is the desired character
name for Material number 1, second entry is the
desired character name for Material number 2, etc.

ZONNAM ~zom] Character zone names for Zones. Used only if the zone
name entry in the ASSIGN or ASGMOD array was
integer. First entry in the ZONNAM array is the desired
character name for Zone number 1, second entry is the
desired character name for Zone number 2, etc.

MATSPEC [~] Tells code whether material mixing in the MATLS
array is in terms of atomic densities, atomic fractions,
and/or weight fractions.
Allowable entries are the words:

ATDENS (default) atomic densities
ATFRA~ atomic fractions
WTFRAC weight fractions

Can be input as a vector with up to MT entries (one for
each Material) [See “Using Atomic Fractions or
Weight Fractions (MATSPEC)” on page 11-13.] If less
than MT entries are made, the last entry will be used to
fill out the array to a length of MT.

Am [S2*NISO] Atomic weights of the isotopes. If using
{requiredb} MA’SPEC=ATFRAC or WTFIUIC, atomic weights

must be available to the code. Entries for the ATWT
array are made in pairs, as follows:

Am= isol atwtl isoz atwtz ....

where ison is the isotope name (identifier) for isotope n
on the cross-section library and atwtn is that isotope’s
atomic weight.
[See “Using Atomic Fractions or Weight Fractions
(MATSPEC)” on page 11-13].

a. ATFRAC and WTFR4C cannot be used with PREMIX.

b. Required iff MATSPEC=M’FRAC or WTFRAC and atomic weights are not available from tbe input
library.
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B1ock-V Details: Solver Input

Desired Calculation
{Required}

1,

II Name Comments

IEVT Calculation type: Enter one of the following values:

Value Des crhtion

o source

II 1 keffa

ISCT Legendre order of scattering.

ITH 0/1 = direct/adjoint calculation.

II

a. For a keffcalculation, an inner iteration sequence for a given group is terminated when the maximum
scalar flux error is reduced to .04 times its value for the first imer iteration in the sequence. The outer
iteration is terminated when the ratio of fission sources from outer to outer is within EPSI of unity and
the maximum pointwise fission source error is less than 5 times EPSI. A source plus fission calcula-
tion must meet the same convergence criteria as a ke~calculation. In an inhomogeneous problem the
maximum scalar flux error must be less than EPSI for the problem to terminate.

Iteration Controls
{Required}

Name Comments

EPSI Convergence precision (default=O.OOOl).

OITM Maximum no. of outer iterations (default=20).

ITLIM Number of seconds time limit (default=uniimited).
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Output Controls
{Optional}

Name Comments

FLUXP Final flux print. 0/1/2 = no/isotropic/all moments.

XSECTP Cross-section print. O\lfl = no/principal/all.

FISSRP Fission rate print. 0/1= no/yes.

SOURCP Source print. O\l/2/3 = no/unnormalized/normalized/both.

Miscellaneous Solver Input
{Optional}

Name Comments

NORM Normalize the fission source rate to this value when
IEVT>l or normalize the inhomogeneous source rate to
this value when IEVTC1. NORM=O means no
normalization. (Integral of source rate over all angle, space,
and energy = NORM, except for keti problems where the
integral is equal to NORM*ke&) Any fluxes printed here
(i.e., caused by setting FLUXP nonzero) will be normalized
consistently with this source rate.

BHGT Buckling height. (in cm. if macroscopic cross section is in
cm-l.) (default=O.O which is treated as infinity.)

CHI ~GROUP;M] Fission fraction born into each group.a Enter by zone up to
M zones. Succeeding zones (i.e., zones M+l through
NZONE) will use the CHI values from zone M.

DENX ~]b Density factor to use for each x-mesh column (default= l).
andlor Applied to the zone macroscopic cross sections at each

mesh interval.

DENY [JT] Density factor to use for each y-mesh band (default= l).

-—-— -——.-. —
a. This input will override any previous CHI from earlier blocks or from any cross-section library which

contains CHL

b. The density factor DEN(iJ), at mesh interval (ii) is computed as follows:

DEN(iJ) = DENX(i)*DENY~)
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Flux Guess From a File
{Optional}

Name Comments

INFLux Read the initial flux guess from a Iile.a 0/1 = no/yes.

If ITH=(), read the initial flux guess from the RTFLUX file.

If ITH=l, read the initial flux guess from the ATFLUX file.

—.
a. There is presently no text input flux guess available for TWOHEX.

Quadrature Details
{Required}

Name Description

IQUAD Type of angular quadrature. Enter one of the following:

Value Description

o DefaulP

I Constantb
2 Triangularc

3 Rectangulard

a. The default set uses the constant arrangement for ISN=4, and the triangular arrangement for all higher
ISN values. Each of these arrangements is described below where we define xi= z direction cosine,
mu= x direction cosine, and eta= y direction cosine. Examples are shown in Figure 5.2. The number
of xi levels is equal to ISN/2, the Sn order divided by two.

b. The constant quadrature arrangement has one mu,eta point on each xi level in each sextant of the hemi-
sphere.

c. The triangular arrangement for ISN/2 levels has, per sextant, one mu,eta point on the highest (numen-
cally largest) xi level, two mu,eta points on the next highest xi level, up to ISN/2 mu,eta points on the
lowest (numerically smallest) xi level.

d. The rectangular arrangement for ISN/2 xi levels has, per sextan~ ISN/2 mu,eta points on each xi level.

Note: The S2 quadrature set is independent of IQUAD value.
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Constant Arrangement

60”

‘fl

t 60°

Triangular Arrangement

Rectangular Arrangement

w’

Figure 5.2 Possible S6 Quadrature Arrangements

Figure 5.2 illustrates the quadrature point arrangement in a sextant for each of the
IQUAD values for the specific case where ISN=6.
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Volumetric Source Options
{Optional}

Name Comments

LNSORS Read source from interface file FIXSRC.
0/1 = nolyes.

----- For a text-input source, choose one of the following options:

Option 1:

SOURCE ~GROUT; NMQ] Source spectrum for each of NMQa
moments. (Spatial distribution is assumed
to be flat with value unity)

Option 2: (input both arrays)

SOURCX ~TNMQ]b x spatial distribution for each moment.

SOURCY [JZNMQ] y spatial distribution for each moment.

(Spectrum is assumed to be flat with value unity)

Option 3: (input all three arrays)

SOURCE ~GROUP; NMQ] Source spectrum.

SOURCX ~~NMQ] x spatial distribution for each moment.

SOURCY [JTNMQ] y spatial distribution for each moment.

Option 4:

SOURCF ~,JT*NGROUP*NMQ] Spatial distribution for each row, group,
and moment.

Option 5: (input both arrays)

SOURCE ~GROUP; NMQ] Source spectrum.

SOURCF ~ JT*NMQ] Spatial distribution for each row and
moment.

a, NMQ is not an input value but is computed Ilom the number of strings read. NMQ must correspond
exactly to the number of moments in a Pn expansion of the source. The number of mome&s is
(n+l)(n+2)/2. n must be less than or equal to ISCI’. See page 12-24 for more details.

b. Only in option 4 is the complete pointwise source array, SOURCF(i,j,g,m), given. In all other cases, it
must be formed from the lower dimension arrays that are input. That calculation is done by forming
the product of those arrays. Thus, in option 3, where the source spectrum, SOURCE(g,m), and the
spatial distributions SOURCX(i,m), SOURCY&m), are given (for moment m), the full source at
mesh point (iJ) in group g for moment m is calculated as follows:

SOIJRCF(i,j,g,m). SOURCE(g,m)*SOURCX(i,m)* fXXJRCY(j.m)
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B1ock-VI Details: Edit Input

Edit Spatial Specifications
{Requireda}

Name Comments

PTED Do edits by mesh interval. 0/1 = no/yes.

ZNED Do edits by zone. 0/1 = no/yes. (i.e., edit zone, not
SOLVER zone. See EDZONE input below).

POINTS[ ~T*JT] Mesh point (or interval) numbers at which point edits are
{optional} desired. USED ONLY IF PTED=l. (Default= all points)

EDZONE ~,JTl Edit zone number for each mesh interval. USED ONLY IF
{optional} ZNED=l. (default= SOLVER coarse mesh interval

numbers, see ZONES array, Block-II on page 5-33).

a. Either PTED or ZNED or both must be unity in order to produce reaction rate edits.
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Reaction Rates from Cross Sectionsa
{Optionalb}

—

Name Comments

EDXS [~DT]
{required’}

RESDNT

EDISOS [NSO]

EDCONS [SNISO

EDIkL%TS[~T]

XI@ ~]
YDF [JT]

Cross-section types to be used in forming reaction rates.

May be entered by integer (denoting edit position of
desired cross-section type) or by the character name of the
cross-section type. See the table “Edit Cross-Section Types
by Position and Name” on page 5-52 or “MENDF Library
Edit Cross Sections” on page 5-58 for the available names.
NEDT is the total number of edit cross-section types
available from the input cross-section library. (default = all
shown in the table)
Note: The cross-section types specified in this array apply

to any or all of the following edit forms: RESDNT,
EDISOS, EDCONS, EDMATS.

Do edits using the resident macroscopic cross section at
each point. 0/1 = no/yes.

Character names of the isotopes to be used in forming
Isotopic reaction rates. The ordinal number may
alternatively be used but is not recommended. (default =
none).

Character names of the isotopes to be used in forming
resident Constituent (p.rtial macroscopic) reaction rates.
The ordinal number may alternately be used but is not
recommended. (default = none).

Character names of materials to be used in forming
Material (macroscopic) reaction rates. The ordinal number
may alternately be used, but is not recommended. (default
= none).

Mesh density factors for the x and y directions,
respectively. The density factor is used to multiply resident
Constituent (see EDCONS). macrosco~ic (see MACROk. .- 1. ,.

and resident macroscopic (see RESDNT) reaction rates
only. (default= all values unity).

a. See chapter “RUNNING THE EDIT MODULE” starting on page 8-1 for further discussion.

b. But either something in this grouping or in the ‘Reaction Rates from User Response Functions” grouping
must be input in order to produce reaction rate edits.

c. You must also enter one or more of the arrays EDISOS, EDCONS, EDMATS, or RESDNT.

d. If density factors were used in SOLVER to modify the cross sections at each mesh interval, the same den-
sity factors must be provided here in the XDF and/or YDF arrays as well. The density factor at mesh inter-
val (iJ is computed as:

XDF(i)*YDF(j)
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Edit Cross-Section Types by Position and Name

CROSS-SECTION INPUT VIA ISOTXS CROSS-SECTION INPUT VIA ASCII
or GRUPXS TEXT

EDIT EDIT
m Position P@112a m E@iSM Name

Chi 1 CHI ..... not used 1 CHI .....

nu-fission 2 NUSIGF.. nu-fission 2 NUSIGF..

total 3 TOTAL... total 3 TOTAL...

absorption 4 ABs ..... absorption 4 ABs .....

(n,p) 5 N-PROT.. lb 5 EDIT1...C

(n,d) 6 N-DEUT.. 2 6 EDIT2...

(n,t) 7 N-TIUT.. 3 7 EDIT3...

(n,alpha) 8 N-ALPH.. . . .

(n,2n) 9 N-2N .... . . .

(n,gamma) 10 N-GAMM.. . .

fission 11 N-FISS.. N=IHT-3 4+N EDITN...

transport 12 TRNSPT..

a. Names are eight characters. A period within a name in this table denotes a blank,

b. Denotes position in the cross-section table. All cross sections in positions 1 through IHT-3 in the
cross-section library are EDIT cross sections chosen by the user.

c. These are the default names that maybe overridden with the user-option names in the EDNAME array
of Block-lII.
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@

Reaction Rates from User Response Functions
{Optionala}

Name Comments

RSFE ~GROUP;M:
{required}

Response function energy distribution for each of the M
different response functions desired. The number of
different response functions is arbitrary (but must be
fewer than 500). Data are entered as M strings, each with
NGROUT entries beginning with group 1.

RSFX ~,M]b Response function x distribution for M functions.

RSFY [~,M]

{optional}

RSFNAM ~

Response function y distribution for M functions.

The above data are entered as M strings of IT or JT
entries beginning with mesh point 1. (default=l .0)

Character names for the user-input response functions
specified above. (default = RSFP1, RSFP2,...RSFPM)

a. But either something in this grouping or in the ‘l?eaction Rates from Cross Sections” grouping must

a

be input in order to produce reaction rate edits.

b. The M-th response function at space point (iJ) and energy group g is computed as:

RSFX(i,m)*RSFY&m)*RSFE(g,m)
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Energy Group Collapse Specifications
{Optional}

II Name Comments

ICOLL ~G] Edit energy group collapsing option:

IGRPED

Number of SOLVER energy groups in each EDIT broad group.
The NBG entries must sum to NGROUP.
(default = 1 energy group per EDIT broad group).

Print option on energy groups. Enter one of the following
values:

Value Des crir3tion

o Print energy group totals only

1 Print broad groups only

2 Print broad groups only (same as 1)

3 Print both broad groups and totals
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Reaction Rate Summing
{Optional}

Name Comments

MICSUM [<500 sums] Cross-section reaction rate summing specifications.

The MICSUM array is a packed array with data entered
as follows: A set of Isotope numbers or names is given,
followed by a set of cross-section type position
numbers or names (see “Edit Cross-Section Types by
Position and Name” on page 5-52). Each of these sets
are delimited with an entry of O (zero). Reaction rates
are calculated for each Isotope specified for each cross-
section type specified and summed to form the first
sum. The next two sets of data are used to form the
second sum, etc. Up to 500 sums can be specified. (for
more detail, see “Response Function Summing
Options” on page 8-13).

IRSUMS [<500 sums] Response function reaction rate summing
specifications.

The IRSUMS array is input as follows: A set of
response function numbers or names is entered and the
set delimited with an entry of O (zero). Reaction rates
are calculated using these response functions, and the
rates are summed to form the first sum. The next set of
data is used to form the second sum, etc. Up to 500
sums can be specified. See page 8-13 for more detail.

Mass Inventories
{Optional}

Name Comments

MASSED Calculate and print mass inventories by zone. 0/1/2/3 = none/
solver zones/edit zones/both (default=l ). This option is active
only if atomic weights are present. See ATWT on page 5-44.

I II
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Power Normalization
{Optional}

Name Comments

POWER Normalize to POWER megawatts.a
{required}

All printed reaction rates and the fluxes on files RTFLUX and
RZFLUX (if requested) will be normalized. Fluxes are normally
not printed here in the EDIT module, although they may be
extracted by using a unit response fhnction. Any such fluxes will
also be normalized to POWER.

Contrast the normalization on these printed fluxes to those printed
by the FLUXP input in the SOLVER Block (see NORM on page 5-
45).

MEVPER MeV released per fission (default=210 MeV). This value will be
{required} used along with the calculated fission rate to determine the power.

For the power calculation, TWOHEX needs to know which cross
section is the fission cross section. It uses the one from the library
that has the name N-FISS. If one uses an ISOTXS or GRUPXS
library that designation is automatically provided (See “Edit Cross-
Section ~pes by Position and Name” on page 5-52). But if one
uses an ASCII text library, either ODNIIYP or XSLIB, then the
name N-FISS must be entered in the proper place in the EDNAME
array (page 5-38).

.. .
a. Note that this normalization is meaningless if you are using the results of an adjoint run.
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Miscellaneous Edit Items
{Optional}

Name Comments

RzFLux Write the CCCC standard zone” flux file RZFLUX or AZFLUX.
0/1 = nolyes.

RzMFLx Write the code-dependent zoneb flux moments file RZMFLX or
AzMFLux.
0/1= nolyes.

EDO~ ASCII output files control. Enter one of the following values:

Value DescritXion

-3 Write both EDTOGX (without scalar fluxes) and
EDTOUT files.

-2 Write EDTOGX file (without scalar fluxes).

o Write neither file. (default)

1 Write EDTOUT file.

2 Write EDTOGX file (with scalar fluxes).

3 Write both EDTOGX (with scalar fluxes) and
EDTOUT files.

BYVOLP Printed point reaction rates will have been multiplied by the mesh
volume.
0/1 = nolyes.

AJEDd Regular (forward) edit/Adjoint edit. Regular edit uses the
RTFLUX scalar flux file; adjoint edit uses the A~UX flux file.
0/1 = regular/adjoint.

FLuxoNE Flux override. 0/1 = nolyes.
Replaces all the input fluxes by unity. Useful for seeing the cross
sections used in cross-section edits. WARNING! Meaningful
reaction rates cannot be obtained when this switch is on.

a. RZFLUX and AXFUIX are organized by solver zones.

b. RZMFLX and AZMFLUX are organized by solver zones.

c. See “ASCII File Output Capabilities (the EDOUTF Parameter)” on page 8-15.

d. See “Adjoint Edits” on page 8-15.
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MENDF Library Edit Cross Sections

Reaction Type Name Description

x cm fission spectrum

Wf NUSIGF effective nu-sigma-fission

at TOTAL Total cross section

Ga ABs absorption

(n,n) MEND1 elastic scattering

(n,n’) MEND2 inelastic scattering

(n,2n) MEND3 n,2n scattering

(n,3n) MEND4 n,3n scattering

(n,y) MENDS gamma production

(n,a) MEND6 alpha production

(n,p) MEND7 proton production

(n,f) MEND8 direct fission

(n,n’)f MEND9 second-chance fission

(n,2n)f MEND1O third-chance fission

(n,F) N-FISS [(n,F) = (n,f) + (n,n’)f + (n,2n)~

Xp MEND12 prompt fission spectrum
(only for fissionable materials)

xt MEND13 total fission spectrum
(only for fissionable materials)

F
a. Oa for group g is defined as 0= = at–~c$g+g~ “

g’

When using the Los Alamos MENDF5 cross-section library with the codes, there are
numerous &iit cross sections available for use in the Edit ‘Module. Since these come
from the MENDF file, they are called upon with special character names in the Edit
Module as part of the EDXS input.

These names are defined in the table above.
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APPENDIX A: SAMPLE INPUT

Sample Problem: Standard kefi Calculation.

Our sample problem is a two group calculation of the eigenvalue of a sodium-cooled
fast reactor. The reactor contains two zones, a core zone composed of two rows of fuel
subassemblies surrounding a central fuel subassembly and a reflector zone consisting of
one row of reflector assemblies surrounding the core zone. This arrangement is shown
in Figure 5.3. The reactor is surrounded by void and with the dentate periphery, it is
possible for some neutrons to exit a face and reenter another, although most would be
lost.

Figure 5.3 Core Map of the Sample Problem

In modeling this reactor in TWOHEX, we take advantage of the symmetry and only
model a sixty degree sector extending from the core center upwards to the right as
shown in Figure 5.4. Each subassembly is modeled with 6 triangles. In the sixty-degree
sector option, there are implicit rotational boundary conditions, that is, flux leaving the
bottom face enters the slanted left face. Leakage in the axial dimension is approximated
with a transverse buckling.

Figure 5.4 Mesh Model for the Sample Problem
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A note of warning about modeling is in order here. This sample problem utilizes a sixth
core model for which there are “vacuum” boundary conditions on the top and right faces
of the outer periphery of Figure 5.4. These boundaries are really non-reentrant bound-
aries (i.e., the flux passing outward through these boundaries is lost and does not reenter
a boundary anywhere else). Note that the sample model contains extra void triangles
around the exterior of the reflector. This is to provide a streaming path within the model
for flux leaving the reflector that truly can reenter another portion of the reflector.
Removal of these extra void triangles will cause the eigenvalue and fluxes to be slightly
lower.

Sample Problem: Output Description

Selected items in the output listing are described here. We focus on items particulw to a
two-dimensional calculation. For a more thorough description of output items common
to both one- and two-dimensional calculations, the reader is referred to Appendix A in
the chapter “ONEDANT USER’S GUIDE”.

The first item provided in the output is a listing of the input lines. This is shown on page
5-64. Note the use of comments (using the slash,/) to organize and describe the input.

After the Block-I input describing the problem as a whole and the Block-11 input
describing the geometry and zone assignments by mesh, we describe the cross-section
library in Block-III.

P. cross sections for each isotope are entered in the input stream after Block-HI. These

isotopes are subsequently mixed in Block-IV to form the materials STEEL, FUEL, and
SODIUM. These materials are then assigned with appropriate volume fractions to the
CORE and REFLECT zones which correspond to the numbers 1 and 2 in the ZONES
array of Block-II.

In Block-V we specify that this is a k-eigenvalue calculation (ievt=l) and that we desire
a calculation using only isotropic scattering (isct=o). We approximate the axial leakage
with a transverse buckling consistent with a height of ninety centimeters. The fission
source is normalized to 1.0. We desire no printout of the fluxes, the cross sections, or the
fission rate. The fission fractions in each of the two groups is, respectively, 0.6 and 0.4
for the fist zone, and 0.7 and 0.3 for the second zone.

In the edit input, the code is asked to calculate reaction rate totals for each mesh interval
(pted=l). The reaction rates desired are the default ones for cross sections, that is, CHI,
NUSIGF, TOTAL, ABS, and EDIT1 for the resident material.

We then start a series of sections where the code prints out the Block-I through Block-IV
input as it understands it. This is being done as the input module processes each block
of input. There is only a notation as the input module processes the Block-V input for
the Solver module and the Block-VI input for the Edit module, for when control is
passed to those modules, the input will be reiterated there.
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After the notation that we are at the end of the input module, we start the Solver module
output on page 5-68. Note that in the first table, the code has “defaulted” the boundary
conditions. These are built in to each of the geometry options. The “sixth” option dic-
tates rotational boundary conditions on the left and bottom faces along with vacuum on
the top and right.

As far as the rest of the output shown, most of the items are also self explanatory and
give the same information as a ONEDANT problem except for the two-dimensional dif-
ferences. However, we would like to focus a little more attention on two items that serve
as diagnostics and goodness of solution verification for the problem run: the iteration
monitor and the balance table.

In considering the iteration monitor (page 5-70), we recall that for eigenvalue problems
we do source iteration for the inner or within-group scattering source and outer itera-
tions for the fission source. This is reflected in the monitor which is arranged in rows for
each outer. The inner convergence is not shown until the fission source has converged to
near the input convergence criterion. Each column of the monitor gives respectively, the
current CPU time, the transport outer counter, the number of transport inners for this
outer, the eigenvalue estimate at this outer, the precision of the eigenvalue (change from
the previous transport outer), the estimated dominance ratio and the dominance ratio
actually used. Note that for outer 7 the source has sufficiently converged where now the
inner iterations on the groupwise scalar flux can now be meaningfully shown. After the
completion of outer iteration 10, the whole problem has been converged. From the first
column, we see that this was done in 0.4 CPU seconds on the Cray YMP.

In the edit input the code is asked to give reaction rate totals for each triangle for the
resident material. The reaction rates desired are the default ones, that is, CHI, NUSIGF,
TOTAL, ABS, and EDIT1 (EDIT1 is the default name for the first position in the ASCII
text library). This reiteration of the input is followed by the pointwise reaction rate
tables.
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● ***** ***** ***** ***** n****************************************************************
* *
● *
* ●

* *
● ●

* *
* ●

* *
* *
● ●

* *
● ●

* ●

* *
● ●

* *
● ●

● ●

* *
● ●

* ●

* *
● ●

● ●

● *
● ●

* *
● *
* *
● *
* ●

* ●

● ●

● ●

* *
● *
● *
* ●

● ●

* ●

● ●

* *
● ●

* *
● *
* ●

● *
* *
● ●

* ●

* ●

● ●

* ●

* ●

● ●

* ●

* ●

● ●

* ●

* *
● ●

* ●

* ●

* *
* *
● *
● ●

● ●

● ●

● *
* *
● ●

● *
● ** ●

* ●

● ***ti**********n** **n** ****m* ***** ***** ***** ***** ****ti***** *************************

O.OCO03.6
20.39Ucd

●

●

●

☛

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

☛

☛

●

☛

●

☛

●

●

●

●

●

●

☛

●

●

☛

●

●

●

●

☛

::!$$R% :
O.cin FEJ-l ●

0.392Fw2 ●
●

O.CKMm :
o.2a7CR/2

*
O.mo M/l ●

0.320Nu2 ●*
O.mo xR39/1 *
0.850R1239f2●

O.LWJU238/1 ;
1.31YJuZ38/2 ●

*.,.. ,
56./ ●******EN)G UCE3+X2’ICNlx?!●**** ●

57./**** t43Em’mmEIsm lm?41mL -1-mt’u3’1343ars3~Nc? ●

5a.I 3Nm Au4cxrLxF) ru#fr(IFIln=o)●’** *
59./ *
60./

Imt_ls=~ ,Edymmyp:,ol&5
*
●

E: W-3.6”.0432; *
63. Snnhl TW-23”..025’ ●

64. ==kr== Kn .35,S131Lr4.4,$m31.1.25: ●

65. REEIEcsllIKM.7,9El?Jd.3 t ●

66. / ●

67./ lzmzv~ — ●

Ea. ~~$., fluxMx=cQ@?iz=2-1.0 ●

dd.=A3.6,0.4;0.7,0.3 t ●

●

n: I -VI (mI’m) *
72. FtA=l, I=dM=Ltl Km?rfmT iu7PJmlxNrwUI=r= ●

*

w*** b*****4*********************** ***** ********** ********** *hti+****** ***w* ***** *****************n*M**** **********baa***
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APPENDIX A: SAMPLE INPUT Sample Roblern. output Description

***** ***** ***** ***** ***** ******************** ***************************M****,**-***-****-*******-****
*
* - title
●

***** ***** ********** ****,*-*** w****, ************** -*** -**** ***** ********** *****-**** ***** ***** *******ti-
*********************+

%ystatczlseimlt ●

●********************
● 2rkE?d mlb?rOE titkciua3t0fallm .
● : rrt& I)\; g/
* A=

=wl=$=%~~-
=u===ml-kti

*
● ***** +**** ***********************************,**-**********-*,*,
● * *
*
●

☛

● sMPxl?rKEMr.fFu?’Ml+FxKER”s mm?.
*SITNIMDK~, AIL-13YhEN3@NXU’lEXII
●

●

☛

●

* ********** ********** ***** ***w* ****ti********- ********************
*******************

●kyd hlccki-*
*********************
***** *M*** ***** ***** ***** ***** ***** **-** ***** ***** *,*** ***** ***** ***** ti************* ****-w******,******-

***w* ********** ********** *******ti*********-* ***** ***** *-*** ********* -* M**** ********** *,****ti**********
*ti************ ***** ***** ***** *titi**ti****** ***** --*** *********,*******************-********-***,-****
*
●

●

...Li.dci - arlImls a-dd&nsiaE...

****-**** **-** ***** *****u*m************ ti******ti****, *****************,******,*,*****************,*-
●

☛

●

●

●

●

●

●

●

●

☛

●

☛

☛

*
●

●

☛

. .. .. .
6/7/9/l.U106/107x-y/Pz/tria@6&r-tkta/cJJ XY/m r-?.
-Ofe-Eqy QZO&s

=@=p=J=%-
nn’&r O lqlltmtq%3 (hnisce4230gL-qms, Cr cards)
NT&c Of EmEaEsEmtenals
nn&f of --
mll&rOf fimnE9hilxxrds
mr&r Of firenEshyintetvals

. ..~...
IIExlc%140000
—m

***-* ***** ***** ***w** ***** ***-* ***** -**** ***** ***** ***** ***ti*******w** **ti***-******* -********
**ti*******-+k* m***ti*****

●k&& hlc&ii J.eaiqEm*
************************
*
● 9ig3nl l/2/3/6n/8/9/U/14/lW/107
●

* S.i%t.hcklrak ~cbMiIl
●

● 1.moE+ol kight tri’?qleIx?i@
***********************

*ky Grd Mcdciiimd-a?3*
●M********************-

********** *w*** ***** ***-* ******************** ***** ***** ***** ***** *-*** ***-w* *****-******w*
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APPENDIX A SAMPLE INPUT Sample problem Output Description

**************k***M************** *ti***************** ***** **H**** ******************k*************ti**h******kb*********h*ah
*
* ...hldciii -cm6ss3am 13ixa2Y...
*
**b******k**************n*******h*ti*********** ****ti********* ******w**************************"***k*********h*****m*****b
●

☛

☛

●

●

☛

☛

☛

☛

☛

☛

●

●

☛

●

●

☛

☛

●

☛

●

☛

●

●

☛

●

●

☛

●

☛

☛

●

●

●

●

●

●

☛

●

●

- CM
— ——
1 o.imoOEal

n’&n2d

itt
iks
m
irili

S!t&i_

W?l

. ..-==-= .. .

...caxdlikny~ (mwm= -w...

...cmtqfsxwture...

.

.. -
o.0cQfx5m o.mcQE+al o.cnLmcEa 2 O.cwtm+oo o.w@m3+m

ob3ks

● ☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛

*start caIdLi.b2re3 ●

● ****************************
●

☛

●

*
●

☛

●

●

☛

●

●

●

L=&g=

1.
2.
3.
4.
5.
6.-.* 7.

● ****************************

*cd alxdlik?I-Eld ●
● *****************n*********

o.m30aMo

-3./0/1- .49ju5takO@icd rddjustselfxzw.tertmkce mhllxr!e

...ditpx.itkl-.. .

d
~~ti~-—--—. --—— .——

;dli

;%:

5 Cditl 1

. ..&lxks cad3frm t.tx3Q3rd33ht7uY...

0-16
M-23
m

E
KH39
U-z?a

_-—

● ☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛

%rv UXS W iv xerd+mts’
*A****************************
*
●

☛

*************k**********+********** ************************* **********w*************************************b***************
ti. ***** ***** ***** ***** ***** *ti************ ***** ***** ***** ***** ***** ***** *************************************************
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*****M***ti********* ***** ***** *M*** ***** *w*ti*-******** ********,***************************-*********,****
*************** **ti*********** **-w* ***** ******************************* ***** ********** -*w-* **ti********
●

* ...-* ‘“ -..ti*********ti** ************************,* ******,**, ********** *-ti**-******** *******************,*****,************
*
● mix m
● —
●

* mtkl
*_
●

* m
● :: i%? W-239
* 3. S131LM M-23
*
* Clssig-1
● ——
●

☛ EcEL
● ;:%EC 9J31CM
*+9** **************,*

●kyEtartrflixca?dm*
***************-***

Cim9ity Cnlp

5.CKXXNE-02,CR
8.1OOOOE+3, u-238
2.5000CE-02,

3.5ooom-ol,Slnu.1
7.amaHn, SEm

Ckn5ity &c.

1.6am0E-02,m 1.mmxm-02,
1.250CJ2E-02,G16 4.320xlEo2,

4.03000E-01,SIE2L 2.5axcwol,
3.COOCOE+l,

●☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛

●W ~ mix&x5*
● *************W******

*w*** *************** ********** ***** *-** -***, ********** *,*** *******************-*************************
●*****************n.***-****

●☛ d hldc v I13?.+SYIVL+
●**************,************
● **************-W*-****

●key6rxl blcxkvin35—f3i“t*
***********************
●☛☛☛☛☛☛☛☛☛☛☛☛☛✍☛☛☛

%.efti iqxtmxh.le*
● ***************-*****
●

●

***** ***** *-** -**** ***** ***** *****, *-*** ***** *-*** ti*w*,**,****** ****-********************,*-********
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APPENDIX A SAMPLE INPUT Sanple problem Output Dcscciption

**************** *************** ********************.**** ******************** ***** *************a* *e************* ***4* b**bti

thisIndwc Lxdalenm m 03/24/95withd-
#MmEPia31x lul’Ttcsmxca!R’samx

wcsh 12-06-94~ rdawe 2.k nadhm e

●sSTWPR)K~, AU.IINKJl’13f=W=lEXl!
●

*********4*************** ***********************M***ti****** ****************w*** *******w** *****************b****************
●

●

●
...bkdcv --solwriw.t...

*******A***************A*** ******************** *************** ***************n**** w**** ***** ********b*******h********b******
●

● imltdsd.t.dm

* .-— —
●

☛

●

● 1 1. i.wt

● o 0
●

isct.
o 0 ith

● o 4 i.hl
●

● o 2 *
*
● o 2

*
●

* o 4 i.tb
*

●

●

☛

✎

—
Z-tcpkxaxdx yaraitim

—

. ..o==3?==~ (axaynau==iter) . . .
● o.oc$2+001.c##-04@ irsxs—itemtkl~
*

dteriyla~fmxll)

*
nEximnl—tiwit~

o 0
●

itlim itedim b limit (ecards)

●

●

☛☛☛☛☛☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛ ☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛☛☛☛☛H**** *************** ******************** *****h****w
******************************************************* *********e* **********ti************* *ti******* .*************,,*,****

**A&***************+***************ti******** ***M**** ***+*********** *********&***** ***** *****nti********** ********** k**&** *b*
************M**** ******************** **ti*****m***** ***** ***** ***** *******k******* ti******** *,******** **M**** bh*A**n
●

●

*
...hlcdcv-.fdwrilpt (alzima...

*************** *******ti**********m ***** ****m ***** ***** ***** *************** ***** ***** M* b*****k*********************
●

●

mimutdial.td* — .——
●*
●. ...~======(qm’ Ini6c)...
* 9.ca13+ol9.LYxU3+01M@ Llddig kigi-i
* l.am+al 1.@x?2+00-
●

tial-

●

●

●

●

●

☛

●

●

●

☛

●

●

☛

●

●

☛

☛

●

●

☛

●

●

●

☛

●

●

●

●

●

●

...- oxtmls(=-rwn m?=fd--)...

o Xsectpo/1./2
o fkltp 0/1

%
8 %%:2 m
o telp 0/1 m -print—IrAllAanllS

. ..P===—J= “ l&unirpJtaul&%..
2

I
o
0
0
0

ilxhi
js&lIx
p&h’

-
-
isxw

rmtrix

******ti****ti****** *************** ***** ********** ****w* *************** ********** ***** **************, ****M************
************************* ******************** **************** ********** ***** ***** *********w, k******k** ***,*****, ******M
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*************** *********w* ************tic********** *-*** *****************************************,**********-
***** ***** ***M**** ******************** ***** ***** ***** ***-* ***** ***** ***-* *w*** ***** -ti****
*
*
*
*

...~fi~i...

●

* ‘ ‘- ‘ -’”:prhxroe-etwgmlx*
*OF2Z-● 3nt

* 2- rtn&ccOf-
, E?. it
*

rul&rOf triaT@e3pKITw
6 jt rllT&r Ofm.A30ft.12a@es

*
*
●

*
********** ******-*** *ti*****+****** ***********************************,****************************************
************************* *************** ***** ************************* ************** -**** **** -***ti*****-*w**

***** ******-*** ********** ********** ******************** *********-*******************************-*-***
***** ***********-*** ****************************** ********** ****-**** -**wow**-****** *****-we**********

29V.m?3sIanxFqJird2,1.1
*
*
*
●

●

****************************
●kysartmtL51m - ●

●*************+************

...mterialaAgrmastD -.. .

●

●

☛

●

☛

nn2-6ecLim. m-timin t&nZE.0f(mt3

CnKx?= O.ofxmm+cm

●

●

☛

☛

●

●

1- 2FlJa 3.’XOCOOE41
; lam 3s.nnl.l
3

4.OCUOOOIW1
2.5ccmoE-ol

4 :%%2 ;E%.f 7.mml
5 2FD?IJ?C lsm!l.1 3.OBxm&ol

-~*(@+d*m’d )

c1

0.000WGEWYI
O.coooow
o.cocmm+oo
o. Ccmocm+oo
o.owmE+oo

*
*

txia3.9mreqi@fcrthispdilml 1623
mszinunmnamdahk 4omo

lan~smmuy...

tdal h~—~g thisp?dllm 1418
UExinun 140300

1418~ Ian~ 2,1.2

1. 0.81443825E+O00.47021614wO00.339981042+03
2

30.0 O.1O869OWE+OO
0.44026493.EAOO0.25428706EM00.86113631E+CKI

3
30.0 0.57975~E-01

o.oo003002rMoo.94043229Etco0.33998NME+O0
4

90.0 o.lo869096E+m
O.OCIIOCCOOE+OOO.50837413E+C00.861136313L!+O0

5
90.0 0.57975809E-01

-0.83.443825E+Wo.47021614E+ooo.3399810@+oo 1.50.0 O.1O869G%E+OO
6 ~ .44026491E+C00.2541.8706E+O0O.8633.36N.E+J20lso.o o.5797W19E-01

********** -**-* ***** ***ww******ti** ********** ***** ***** ********-* ***** *H*** *******,** ***** *******ti***
*************** ***** ***** *************** ********** ***** ***w* ***** ti**********-** ***** ***** ***** *-*-*ti**
*
● ...-ssrth .mkiMc?ahf mnillemctxs 03/24/17:09:
* Wm?.im 1 ...

*-*** ***-* ********** ********, ********ti*********-* ***** -***, ****,****,****ti****-***-* *******
●

*
● lSIQL 2ElEL
●

3sDnM

*
*
*****************************************************************ti***********,****** *******ti************-****
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APPENDIX A SAMPLE INPu-r Sample problem Output Description

leftrutberidimtcs y ““ te.

60.W 1—2—3—-—4---5--- 6—--7

6
wow 1—2 —3-——-4-—5---6---7

2
5 22
40.(72 l—2— 3—-4— 5-—--6---7

m 222
4 1
30.CO 1—2z—3-z4--~-5—-7-—-7

y 1122 —
11

20.CO 1—2 —3J-4~5---7---7
1112

2 11
10.00 1—2 —3+-+-2F6—7

m 11
1 11

—.

O.m 1—2 —3~~6—-7
●=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=●=*=*=+=●=.=*=*=*=+=*=*=*=*=*=*=*=*● *-*-*-*-*.= ____ .*=*=*=*=&&=*=*=*=*=*=*=*.G*=*.*=
●=*,*● * * ●-*=*=*=*=*=*=*=*=*=*-*,,*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*● *-*-*A-*=*=*=*=*==..s=-
*

=----- ● ●=*=*=*=*=*● ● ● * ● ● ● * * ● * ●-*=. . . . . . . . .. x=-

●

● -i 1.W+CM
● tntm l.om+al
*M 9.mhJ31 .—
●

●

☛

*thE
* (~)

3:2
3.2
3.3
3.3
3.4
3.4
3.4

3.5

3.5

3.6
●

CMer
m. -
0
1 1:
2 17
3 17
4 16
5 14

$ti

8

9

10

3s

17

18

k-eff
w

l.omOoml
o.83s3.5341
1.08858316
1.11496484
1.3.2373763
1.12948036
yllmg

~-l
-1.omS+cO
-1 .E48E+l
3.354E+I
2.424Ea2
7.M8E-03
5.llrx-03
2.098Eio3
9.063.E-04

~-’:
fisscb—geeltmate
l.mmoo O.ocm+cm
8.996E-030.wx2E+C0
3.5oEzm o.m3E+co
9.7EJX-022.167F01
4.889R32 4.974E-03
2.6242-024.9745-01
9.49-3 5.189Fio3
2.697E-035.420E-01

**** tqin ~milE&al 9 ●***
-

y it ““
5 9%l%R-

1%35922 a221w 3.1MX$P5 .624E-015.422$+01w

.. .r&s—hs2 file rtfluxwrittm..

1.13333.547-3.86cE+ls7.27913+55.4WE-01 5.42@rOlW

● ☛✍� ✿☛✍☛✝ ☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝✍✍✍✍ ●✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝ ☛✝☛✍☛✝☛✝☛✝☛✝ ☛✝☛✝☛✝☛✝☛✝☎☛✝✎✝☛✎☛✝☛☛☛✝☛✍☛✝☛✝☛✝☛✝☛✝

●✝☛✝☛☛☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛✝☛ ● ✍☛✍☛✍☛✝☛✝☛✝☛✝ ✝
✝✍✍✍ ☛ ☛✝☛✝☛ ✝☛✝☛✝ ☛✝☛✝☛✝ ☛✝☛✝☛ ✝☛✝☛✝ ☛✝☛✝☛✝ ☛✝☛✝☛✝ ☛✝☛✝☛ ✝☛✝☛✝ ☛✝☛✝☛ =*=*& =*=*=*=+=*=*=*= *=*=*a*.*.*=

*
*
* . . . + me —Wi.ttm. .

hdwc direIKirm 5.9543EXZ

******************************************ti***e******************k******************************Am**********A*********,*ti
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**** M**ti*ti****ti* tiw********ti** **************************,********************,*ti******w***** ****
●

● dit = cn 03/24/95withmlwr ~ m-25-95~
*

relcese2.ti rmd-hee
***** ***** **tic********** ***** ********** *************** ********ti**********H**** **,*******************w********-
*w-** ***** **ti*********** ***** ***** ***** *****, *********** ************************, ***,* ********** ***** ******ti
*w*** w**********ti************ ***** *************** ******************** ***********************************************
●

*
●

. ..edi.tcxlt@_..

********** ***** ***** ***** ***-* ***** MM*** ***** ***w* *-*** ************************,*******,*************w*
●

●

●

*
...hkckvi-txfitqxcificatimc?ata...

●

● ☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛

●w*ditatplt*
●**********************

****-**** *****,*************** ****, ***** ***** ***** ********** ***** *m*** ****w***-******
●

*
● -m2tkl-I’
●

(la-bs.rl=.o)
.—

●

*willmb2acted(inedits
tmm=aag, —, a Ih5]

*
●

☛✍☛☛☛ ☛☛☛☛ M**w************ *************** ***** ************ti*********** ***************

*
●

●

☛

☛

☛

☛

*
●

●

☛

●

☛

●

●

☛

●

●

●

●

☛

☛

●

●

●

☛

●

●

●

●

☛

☛

O ajd 0/1 d.=stMiti edit(usertfmDc/atfllJx.Ei3.e)

O.coocm!ixm
2.loc0wEto2

...~ F==@== ...

m o/p In/IunAi?e en IEsJlts, iml.drg tl.lxfiles, top~ts
H P f.ks.kn (d=falt: 210IIEv)

...==gfrdated editirU2mTetim...

2 m1’b2r0f fimnEutmngmp3
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●☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛

4ey Ealrt *
●****************************
* ●**************************
● ● ●

+ ● 16xximmt03 *
● * *
● * n-ata-i.ab ●

● ● ●

● ●********.*,*************ti**
●

*
*
●

...*ditfoK t&?axnOf themJtKu190Xxl ...

●

**************4************************* *************** ********** *******************.**ti*******, *,&*****************&*6k***,
**************************************** *********`******************** ***** ***h***************************,*******************
●

* plirsdli eiittik~ l,axlkzad~ 3,0fn_~icacss~.

:a.31el&ie90f tbi5arw Q2!d o.oOOwmoO************************************H***********&****+****w***********w****ti***************ti***+***4***4***4*********ok***
**,*********ti**************************************,******ti********************************************************h,**&****
●

* -M atfik~ l,tikx=l~ 3,0fr_dic cmmst&ims.
●

●

●=mm--*l
●

* ~1
●

● 6 O.WOCWEXO
* 5 o.w#Xn31m
* 4 6.496816E-04
● 3 1.r29600&03
● 2 1.5W7138E+3
* 1 1.70431w03
*

.

X+nssh 2x-m?Eh3 x+lESh 4 x-ma 6 X- 7x+resh8

O.cmxm+oo
o.cm3cm+m
o.fMomaoo
5.532799E44
9.732305E.-O4
1.310747E-O3

O,fxmm+ooo.cmwE+mo.mmmE+coO.caomxn
o.~ o.~ o.cmoQuMo o.wcm2+m
(p3cmM0 o.cQwxE+mo.ocmxBa3 o.Lmcm2+M
8:~~= ~:- g:%%%%% g:%%%%
1.32961XB038.78245M 6.496816E+4O.OCWWXXI

* x- 9
●

X+nallox-mshu x-ma 3a

* 6 O.KtKCOWX O.~ O.OXOXFMO O.CIXWE+W
● 5 o.CC03wwm o.moCCm+w o.mCCw%oo O.omorm+m
● 4 o.ww3Cwo0 o.@X0X4X0 o.ow03m00 o.CCmom+m* 3 o.~ O.ommm+coo.Om@m+oOo.omm@+oO
●

●
2 o.~ O.@M@mMoo.@mwm+oOo.@moOQza1 O.omxm+ooo.Omwm+oOO.occmcmmo.c#xm+c@****************h***fi**ti*******************4w*********************-**ti*****************ti,4*4k+,k*******fi*ti**h*h***,*

*********************************,************+*********************************************ti***,ti****ti************,**h**
●

● e- ditfark-plme l,?rxlbxd Ezuv 3,0fmxzwqicczrss~.
*
*
:mmatrudl= 1
* X-real 1
●

X+TCSh 8X+?cs!h 2x+EEh3 X+msh 4x+lEsh5

* 6 O.~ 0.00@XW02 O.WWWE+CO
* 5 3.096U7@03 1.66460zG031.554044E-03
* 4 1.070705?P324.765247E-034.427475w33
● 3 1.835332X321.433912E-021.325457!%42
* 2 2.43412502 2.126977E-021.982762E+2
● 1 2.76295C4+022.59637502 2.434128Ei02
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o.ommoEw2
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2.646309w33
9.131630Ea
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● 4 o.omOoCmm o.owCmz+m o.CXYwnwm o.lXowmXo* 3 o.OXOoQwM o.wwX$3+m o.wXmE+oo o.mXmE+oo* 2 1.554044!3+3O.CWCMEXO o.oX0Y3E@ o.O@XmwCo
● 1 3.09W76E+3 1.66460zicG0.@X03W00 0.@XWQEW3
**&**************************************ti*****ti********** *************************************Ak*******************4****
*************************************************ti********** ****************************,*********************************e***

*
:Cn9n-mtcr 1
● x+lt+ll HrA12
●

x+lI+l 5 x+lEsh7
● 6 0.0C#3@M0 O.OWUE+OO
● 5 7.7E6503E+64.2u46az+a6
● 4 3.972334E-041.207441Eui
● 3 6.844552E-045.33354E+04
● 2 9.0E4230E+47.93643%X)4
* 1 1.033272E-039.689m54H4
●

o.OMmoE+a 0.CKYX03E+W
3.9Z%5E+6 o.Cww@+Oo
1.3.23.S76EU56.64824M+06
4.935632E+43.3L36MEW4
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2.673369E+6
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o.~
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●
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.——
*
●
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● 1 7.786!W3B264.204682E46O.IXXXWMO 0.0wWX3+W
***.****************************************i***********************e******ti**************************&**,**ti***.***.
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●
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●

●

*****W*******************
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☛

●

☛

●

☛

☛

●

☛

***
●

●

●

●

●

☛

☛

●

●

●

☛

●

mhigm@ks

-***W*-*******,*********

q.lnsxulesaze
me &&p-&=&

,- s#x.ims12cnl car&.
mi?&g files V.?5.ttm.

intcmi2w2file asgmt w-ittm
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● ☛☛

●

●

●

●

●

☛

●

☛

●

●

☛

●
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☛

●

☛ ~~w~
●

● ****************************-*******ti************
●

●

●

☛

●

●

●

●

●

●

●

●

☛

☛

☛

●

☛

●

☛

☛

●

●

●

●

☛

●

●

●

*
●

* &e
● _—
●

☛ Ii
● 101
● 102
● 103
* 104
● 105
* 106
● 107
* 108
● 109
*U..2
● 200
● 21
●

● Z
● 24
● 25
● 26
* 27
● 28
*
● 3%
* 3ol
* 302

——

3m0

Id

20%
0

19!

3%

la”
0

25;
0
0
0
0

66!

166:
0

● Scmm Imll.cm
limit1+.oKd5 ~ta=;

—— — .—
0 0 3.8 0.4

4od$’ o 3.1 0.2
~ 0.6 0.0

40CJ 7: 140000 0.0 0.0
40CKI0 o 0 0.0 0.0
4CXmo o 0 0.3. 0.0

0 0 0 0.0 0.0
0.0 0.0

4C02: J 1400J 0.1 0.0
40C120 7 Mom 0.0 0.0
40W0 o 0 0.1 0.0

0.0 0.0
40038 Ml: 140Cd 0.5 0.1

0 0 0 0.0 0.0
0 0 0.0 0.0

4002: 0 0 0.0 0.0
0 0 0 0.0 0.0
0 0 0 0.0
0 0 0 0.4 :::
0 0 0 0.0

0 0 ::: 0.0
4Cd o 0 0.0 0.0

0.3 0.1
4A 7+ 14Cd 0.2 0.1

0 0
● 400

0.0 0.0
0 0 0 0 0.0 0.0
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●

●

●

●

●

●

●

☛

●

●

☛

☛

☛

☛

☛

☛

●

☛

☛

●

●

☛

●

☛

☛

●

●

●
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●
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APPENDIX B: OPERATING SYSTEM SPECIFICS

UNIWUNICOS Execution

On UNIX or UNICOS systems, the input is on STDIN and the printed output is on STD-
OUT. Thus, the user will normally cause execution of the program with the command:

dant.x < odninp > odnout

where dant.x is the name of the executable file, odninp is the user’s choice for a name
for the input file, and odnout is the user’s named output file. Whoever forms the
executable names the executable file. The name customarily used is dant.x.

STDERR contains a summary of the problem as it executes and, by default, is sent to the
terminal screen. Also included on STDERR are any error messages.
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Library Search Path

Most files read or written by TWOHEX are in the current UNIX working directory.
Some forms of cross-section files may be kept in other directories. By setting the envi-
ronment variable SNXSPA~, the user may specify an ordered set of alternate dhecto-
ries in which the program should look for the named files. As an example, if an ISOTXS
file is in the directory, /usr/tmp/xs, then the following command can be used

setenv SNXSPATH /usr/tmp/xs

and TWOHEX will then look in that named directory for the library. The search path for
each of the possible libraries is given in Table 5.2.

Table 5.2 UNIX Search Path

I LIB I SEARCH PATH I
MACRXS Current Working Directory (CWD). I

I GRUPXS SNXSPATH, then CWD. I
I ISOTXS SNXSPATH, then CWD. I
I BXSLIB SNXSPATH, then CWD, but see text below. I

ODIWNP None, the library is contained in the input file. I
MACBCD CWD

XSLIBB CWD

MENDP Path defined in the code on UNICOS. MENDF binaries

m are unavailable for SUN.

XSLIB SNXSPATH, then CWD

other For any name other than those above, the program will
assume the form is XSLIB and search for it in SNXS -
PATH, then CWD.

a. Available only at Los Alamos.

b. Available only at Los Alamos.

SNXSPATH can be used to protect an input BXSLIB file from being overwritten. See the
discussion on page 5-37.
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. INTRODUCTION

● INTRODUCTION

The THREEDANT code package is a modular computer program designed to solve the
three-dimensional, time-independent, multigroup discrete-ordinates form of the Boltz-
mann transport equation. 1‘2It is a three-dimensional version of the one-dimensional
code, 0NEDANT.3

THREED- is based on the modular construction of the DANTSYSW code system
package. This modular construction separates the input processing, the transport equa-
tion solving, and the postprocessing, or edit functions, into distinct, independently exe-
cutable code modules, the INPUT, SOLVER, and EDIT modules, respectively. These
modules are connected to one another solely by means of binary interface files. The
INPUT module and, to a lesser degree, the EDIT module are general in nature and are
designed to be standardized modules used by all the codes in the package. Different
solution techniques are invoked simply by executing different SOLVER modules in the
package. This SOLVER choice is automatically made by the INPUT module through an
analysis of the input stream.

The THREEDANT code is simply the DANTSYS code system package with a three-
dimensional SOLVER module.

Some of the major features included in the THREEDANT package are:

1.

2.

3.

4.

5.

6.

7.

8.

a free-field format text input capability, designed with the user in mind,

standardized data and file management techniques as defined4 and developed by
the Committee on Computer Code Coordination (CCCC); both sequential file
and random-access file handling techniques are used,

the use of a diffusion synthetic acceleration scheme5 to accelerate the iterative
process in the SOL~R module,

direct (forward) or adjoint calculational capability,

x-y-z and r-z-(3 geometry options,

arbitrary anisotropic scattering order,

vacuum, reflective, periodic, white, or surface source” boundary condition
options,

inhomogeneous (fixed) source or keti calculation options, as well as time-absorp-
tion (a), nuclide concentration, or dimensional search options,

DANTSYS and THREEDANT are trademarks of the Regents of the University of California,
Los Alamos National Laboratory.
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9. “diarnond-differencing” and adaptive weighted diamond differencing (AWDD)
for solution of the transport equation,

10. a diffusion solver that uses the multigrid method,G

11. user flexibility in using either ASCII text or sequential file input,

12. user flexibility in controlling the execution of both modules and submodules, and

13. extensive, user-oriented error diagnostics.
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● DOCUMENTATION FOR THREEDANT USAGE

The documentation described here constitutes a complete manual for the use of the
THREEDANT code.

Included are two general categories of information. The fist category is in this User’s
Guide and is oriented towards preparing input to the code. The second category is of a
background, reference, conceptual, or theoretical nature and is intended primarily for the
novice or first time user; an experienced user generally needs only this User’s Guide.

What Is In This User’s Guide

This User’s Guide is a chapter from the much larger DANTSYS system document. This
Guide provides the ASCII text input specifications for THREEDANT.

The guide is intended to serve as a complete input manual for two classes of user. Spe-
cial, succinct sections containing summaries and compact tables are intended for the
advanced user in order to make his input preparation more efficient. The main body of
the guide concerns itself with descriptions of the input and should be sufficient for the
user familiar with discrete ordinates concepts. Novice users may find other chapters of
the document necessary.

This Guide first gives an overview of the input block order required by the code.

Next is a “mini-manual” in which are listed all the names of available input arrays
arranged by input block. Definitions of input arrays are not given, as the names are sug-
gestive, but expected types and sizes are provided. This mini-manual is very useful to
the user as a quick check for completeness, a quick reference to type and size, and as an
index into the more detailed array descriptions that follow. For the experienced user, the
mini-manual is frequently all that is needed to prepare a complete input deck.

Following the mini-manual are reference sections describing in detail all the input
parameters and arrays.

Appendix A provides a sample THREEDANT problem with explanation of the output
for the user.

Lastly, Appendix B details operating system specifics, including how to effect an execu-
tion of the code.

Information of a reference, background, or theoretical nature that the first time user may
need may not be found in this User’s Guide, but the user will encounter liberal refer-
ences to other chapters of this document for that sort of information.
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What Is Available Elsewhere

In addition to this User’s Guide, the user, especially the first time user, may find the
information below described in other chapters of this document pertinent. For even
greater detail on some of the general items, particularly the methods items, the user
should look at Ref. 7.

The chapter “DETAILS OF THE BLOCK-I, GEOMETRY, AND SOLVER INPUT”
starting on page 7-1 discusses in more detail the geometry and solver concepts and their
related input. If the User’s Guide proves insufficient for your needs, look in this chapter.
Among the many sections of the chapter are ones on the input of inhomogeneous
sources and a discussion of eigenvalue searches. There is also more detail on the Block-I
input.

A discussion of how the EDIT module works and more detail on preparing the input is
given in the chapter “RUNNING THE EDIT MODULE” starting on page 8-1.

The chapter “FREE FIELD INPUT REFERENCE” starting on page 9-1 serves as the
reference manual for the free-field input (rules, format, and operators) used in this code.
That chapter is summarized in this guide, but should the summary prove inadequate, the
user is referred there for full details.

The chapter “CROSS-SECTION LIBRARIES’ starting on page 10-1 gives details of
the many library formats available to THREEDANT, including sections on how to pre-
pare your own card-image (or text) libraries.

The chapter “MATERIAL MIXING TUTORIAL” starting on page 11-1 describes the
mixing concepts in detail and shows some examples.

Next is the chapter “ONEDANT, TWODANT, TWOHEX, TWODANT/GQ, and
THREEDANT — Methods Manual” starting on page 12-1. That chapter describes the
theoretical basis for the THREEDANT code as well as the other codes in the DANTSYS
system package.

In the chapter “ONEDANT, TWODANT, TWOHEX, TWODANTIGQ, and
THREEDANT — Code Structure” starting on page 13-1 is shown a brief overview of
the code package. Included are sections on programming practices and standards, code
package structure, and functional descriptions of the three principal modules comprising
the package. In particular, the code package structure must be understood in order to
make up input for piecewise executions of the code that are possible with controls that
are part of the input in Block-I.

Error diagnostics that the user might encounter are found in the chapter “ERROR M.ES-
SAGES’ starting on page 14-1. Several examples of input errors and the resulting error
messages are provided for the user.

The chapter “FILE DESCRIPTIONS” starting on page 15-1 is a reference that describes
all the files used by the package. Included is a detailed description of the file structure of
the code dependent, binary, sequential interface files generated by and used in the
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DANTSYS code package. Also included are descriptions of any other files produced or
used by the package, both binary and text. In some cases, this may simply be a reference
to a more comprehensive document, such as the file descriptions for the CCCC standard
interface files.
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ATHREEDANT INPUT OVERVIEW

Input Block Order

The full THREEDANT input consists of a title line section, followed by six blocks of
free field input. The title line section is not free field. Any input referred to as a block
uses the free field input form.

Block-I consists of basic control and dimensional information that allows efficient pack-
ing of the array data. This information also allows checking of the lengths of arrays sup-
plied by interface files.

Block-II contains the geometric information.

Block-111 consists of the nuclear data specifications.

Block-IV contains mixing information.

Block-V contains the rest of the input needed for specifying the flux calculation.

And lastly, Block-VI contains the edit (i.e., report writing) specifications.

If a text cross-section library is to be included in the input deck, it should be placed
between Blocks III and IV. THREEDANT supports many library formats and so the
library may or may not be in free field format depending upon the option chosen.

A fidl input would then look like that diagramed on the following page.
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F
LIE_-

Block-I
(Controls and Dims)

T

(’ Block-Ii
(Geometry)

T

/ Block-HI
(FJuclear Data)

T

E
E
E

Figure 6.1 THREEDANT Input Order

6-18 THREEDANT USER’S GUIDE Vcrsiorr 3.0



THREEDANT INPUT OVERVIEW Free Field Input Summary

Free Field Input Summary

The chapter “FREE FIELD INPUT REFERENCE” starting on page 9-1 is summarized
here for quick reference.

There are four basic input quantities in the free field input used in THREEDH, they
are ARRAY, DATA ITEM, BLOCK, and STRING. Each of these is briefly described
below along with the concept of an input operator.

Am2Ys

The “Array” is the most basic concept in the input. Data are given to the code by placing
data items in an “Array. “To make an input to an array, one simply spells out the array
name, appends an equal sign, and follows that with the data items to be entered into the
array. For example, input for the x distribution of the volumetric source, for which the
unique array name is SOURCX, might look like:

SOURCX= OOO1.11.1OOOO o

The above input would enter source values of zero for the first three intervals, 1.1 for the
next 2 intervals, and then fill the rest of the ten positions in the array with zero.

Data items within an array are separated by blanks or commas. In general, blanks may
be used freely throughout except within a data item, within an array name, or between
an array name and its equal sign.

Single value input variables are treated as arrays of unit length.

Numeric Data Items

Numeric data items follow a Fortran input convention. For example, all of the following
are valid entries for the number ten:

10, 1.0+1, lE1, 10.0

If a decimal point is not entered, it is assumed to be after the right-most digit.

Some arrays expect integer values for input. For such arrays, any input values contain-
ing a decimal point will be truncated.

Character Data Items

Character data items follow a Fortran variable name convention in that they are com-
posed of up to eight characters, the first of which must be alphabetic with the rest alpha-
numeric. However, special characters and blanks may be included if the data item is
surrounded by double quotes. Operators may NOT be used with character data items.
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Arrays are entered in groups called blocks. A block consists of one or more arrays (in
any order) followed by the single character T. Thus T is the block delimiter.

Arrays may need to be entered in smaller pieces called strings. Strings are delimited
with a semicolon(;). When there is matrix or other 2-d input, strings are frequently used
to input information by row rather than for the whole 2-d array at once. The code dic-
tates this, the user has no choice. The user is made aware of which arrays require string
input through use of a certain notation, described later, in the input array descriptions.

A slash (/) may be used to enter comments in the input stream. After a slash is read no
further processing of that card-image is done.

QEats?m

Several data operators are available to simplify the input.

The data operators are specified in the general form

nO d

n is the “data numerator,” either an integer or a blank;
O is any one of the “data operator” characters shown below; and
d is a “data entry” (may be blank for some operators).

Note: The “data operator” character must be appended to the “data numerator.”

Using operators, the SOURCX input described above could more succinctly be given as:

SOURCX=OO02R 1.1 FO

Note that the operators for FJDO-like repeat and fill were used and were appended
directly to the data numerator. In general, all the FID08 operators may be used in
numeric entry.

A table of the most used operators is given next including brief descriptions. For full
descriptions of these and a complete list of all the available operators, including the
more esoteric ones, the user is referred to “FREE FIELD LNPUT DETAILS” on page 9-
13.
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Frequently Used Operators

OperatoP Functionality

nRd REPEAT the data item d, n times.

nId INTERPOLATE (linear) n data items between data item d and the next
data item.

nC d SCALE (multiply) the n previous entries by d.

Fd FILL the rest of the data string with the data item d.

nY m STRING REPEAT. Repeat the previous m strings, n times.

nLd INTERPOLATE LOGARITHMICALLY n data items between d and
the next d.

nz ZERO. Enter the value zero n successive times.

nS SKIP. Skip the next n data items.

nQ m SEQUENCE REPEAT. Enter the last m entries, n more times.

nG m SEQUENCE REPEAT WITH SIGN CHANGE. Same as the Q option
but the sign of them entries is changed every repeat.

nNm SEQUENCE REPEAT INVERT. Same as the Q option but the order of
the m entries is inverted each repeat.

nMm SEQUENCE REPEAT INVERT WITH SIGN CHANGE. Same as N
option but the sign is also changed every repeat.

nx COUNT CHECK. Causes code to check the number of entries in the
current string so far, against the number n.

a. The operator character must always be appended directly to n. d or m need not be immediately adja-
cent to the operator character.
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MINI-MANUAL Introduction

On the following few pages is given a complete list of the input names, expected array
sizes, and order within the array. No description of the array contents is given in this
MINI-MANUAL as full details are given in later sections. The MINI-MANUAL is
intended to serve as a quick reference for the knowledgeable user.

In both the MINI-MANUAL and in the detailed sections which follow, a shorthand form
is used to indicate the size and order of the array that the code expects. This information
is enclosed in square brackets immediately after the array name. Essential features are:

1. A single entry in the brackets is the array length.

2. No brackets at all indicates a simple variable (i.e., an array of unit length).

3. A dash (-) in the brackets indicates an arbitrary length.

4. A semicolon (;) indicates that the input for that array is expected in strings. To the
left of the semicolon is the string length. To the right of the semicolon is the num-
ber of strings in the array.

5. If the number of strings is shown as a product, the order is important. The left-
most quantity must be exhausted first, then, the next one to the right is varied. For
example, the array name for the full spatial source distribution is shown as:

SOURCF [~JT*KT*NMQ]

where - IT is the number of fine meshes in the X-direction, JT is the number of
fine meshes in the Y-direction, KT is the number of fine meshes in the Z-direc-
tion, and NMQ is the number of input source moments. For this array, the first
string is composed of the P. source values for each x mesh point in the first y
mesh in the first z layer. The next string is the P. source values in the second y
mesh in the first z layer. This process is repeated for all JT y meshes of the first z
layer. Then repeat for each of the remaining z layers. Then starting again with the
first y mesh in the first z layer, the PI source values for each x mesh are given.
After all PI values are given, the P2 values follow. Continue until all NMQ
moments are specified.

Note: Usually, values for the quantities within brackets will have already been
specified in the inpu~ Sometimes, however, a quantity is derived from the
array input itself. For instance, in this particular case, NMQ is not an input
quantity; rather, the code counts the number of strings and then, knowing JT,
KT, and NGROUP, deduces what NMQ must have been.
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MINI MANUAL

/ Title Line Control
(316Format)
NHEAD,NOllY,NOLIST I

/ Title Line(s)
.—.----------------
(rF NHEAD>O)

/ Block-I: Cont.rols & Dimensions

IGEOM
NGROUP
ISN
NIso
MT
NZONE
IM
IT
JM
J-r
KM
KT

MAXLCM
MAXSCM

-- -- -- -- --

NOSOLV
NOEDIT

NOGEOD
NOMIX
NOASG
NOMACR
NOSLNP
NOEDTT
NOADJM

T

/

Block-II: Geometry

1
XMESH [IM+l]
YMESH [JM+l]
ZMESH [KM+l]

XINTs ~]
YINTs [JM]
ZINTS [KM]

ZONES lgM;JM*KM]

T
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/ Block-III: Cross Sections

LIB
valid: ODNINP

XSLJB
ISOi”XS
GRUPXS
BXSLIB
MACRXS
hL4CBCD
XSLIBB
(local)iUENDF
(loca.l)MENDFG
alternate XSLIB name

WR.ITMXS
valid MACBCD

XSLJBB
XSLIBF
XSLIBE

LNG
BALXS
NTICHI
CHIVEC ~GROUP]
LIBNAME
-- -- —.. -- .- --
Rest of this block is needed only for text
libraries.

MAXORD

IHT
IHs
IFIDo

12LP1
SAVBXS
KWIKRD (default: 1)
NAMES [NISO]
EDNAME W-3]
NTPI [NISO]
VEL [NGROUP]
EBOUND ~GROUP+l ]

T

Block-m M-

IvMTLS [-;MT]
ASSIGN [-;NZONE]

PREMIX [-;-]

ASGMOD [-;-]
CMOD

MATNAM lMT]
ZONNAM mom]
MATSPEC [-]

valid ATFRAC
WTFRAC
ATDEN

Am [-]

T

/ Block-1? Solver

IEVT
ISCT

IBL
IBR
IBT
IBB
mm
IBBACK

EPSI

OITM
ITLIM
NOSIGF
KCALC
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/ Solver (continued)

--- Output Controls ---

FLw
XSECTP
F’ISSRP
SOURCP
ANGP
BALP
RAFLux
RMFLux

–- Miscellaneous ---

TRCOR
valid: DL4G

BHS
CESARO
NO

NORM

CHI ~GRO~,M]

DEN ~T~*KT]
--- or ---

DENX [ITl, DENY[JT], DENZ[KT]

--- Spatial Discretization ---

WDAMP [NGROUP]

--- Quadrature -------

GRPSN ~GROUPJ
IQUAD
WGT [MM]
MU NM]
ETA m]

/ Solver (continued)

--- Flux Guess -------

Influx

-– Searches ---------

IPVT
Pv
EV
EVM
XLAL
XLAH
XLAX
POD

XM [IM]
YM [J-Ml
ZM [KM]
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/
Solver (continued).

----Volumetric Source----

INSORS

SOURCE [NGROUPjWMQ]
--- or ---
SOURCX [~,NMQ] and
SOURCY [~,NMQ] and
SOURCZ [K~NMQ]
--- or ---

SOURCX [~,NMQ] and
SOURCY [~,NM~ and
SOURCZ [K~NMQ] and
SOURCE ~GROUP;NMQ]
--- or ---
SOURCF ~,JT*KT*NGROUP*NMQ]
--- or ---
SOURCF [I~JT*KT*NMQl and
SOURCE [NGROUP;NMQ]

-----Boundary Source -----

Options 1: ----
SILEFT [NGROW,JT*KTl
SIRITE [NGROUP;JT*KT]
SIBO’lT ~GRO~,ITxKT]
SITOP ~GRO~,IT*KT]
SIFRNT [NGROUP;IT*JT]
SIBACK ~GROU~IT*JT]

Options 2: ----
SALEFT [MM*4;NGROUP*JT*K’17
SARITE ~M*4;NGROUPxJT*KTl
SABO’IT [MM*ANGROUP*IT*KT]
SATOP [MM*~NGROUP*IT*KT]
SAFRNT [MM*4;NGROUP*IT*JT]
SABACK [MM*~NGROUP*IT*JT]

Options 3a ----
BSLFTG [NGROUP]
BSLFTY [JT]
BSLFTZ [KT]
BSLFI’A W*4]

BSRITG [NGROUP]
BSR.ITY [JT]
BSRITZ [KT]
BSRITA W*4]

/
Solver (continued)

----Bounday Source (cont’d)----

BSBOTG ~GROUP]
BSBOTX [IT]
BSBOTZ ~T]
BSBOTA [MM*4]

BSTOPG [NGROUP]
BSTOPX [IT]
BSTOPZ [KT]
BSTOPA [MM*4]

BSFRNG ~GROUP]
BSFRNX [ITl
BSFRNY [JT]
BSFRNA [MM*4]

BSBAKG ~GROUP]
BSBAKX [IT]
BSBAKY [JT]
BSBAKA [MM*4]

Options 3b: ----
BSLFTG [NGROUP]
BSLFIYZ [~,KT]
BSLFWAm*4]

BSRITG [NGROUP]
BSRITYZ [~,KT]
BSRITA W*4]

BSBOTG [NGROUP]
BSBOTXZ ~,KT]
BSBOTA m*4]

BSTOPG [NGROUP]
BSTOPXZ ~~KT]
BSTOPA [MM*4]

BSFRNG [NGROUP]
BSFRNXY ~,JT]
BSFRNA [MM*4]

BSBAKG [NGROUP]
BSBAKXY UTLTT]
BSBAKA W*4]
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/ SOLVER (continued)

-–-Boundary Source (cont’d)----

Options 3c: ----
BSLJWG [NGROUP]
BSLFTYZ [~,KT*MM*4]

BSRITG [NGROUP]
BSRITYZ [~,KT*MM*4]

BSBOTG ~GROUP]
BSBOTXZ [~,KT*MM*4]

BSTOPG ~GROUP]
BSTOPXZ ~,KT*MM*4]

BSFRNG ~GROUP]
BSFRNXY ~~JT*MM*4]

BSBAKG ~GROUP]
BSBAKXY ~,JT*MM*4]

Options 3d ----
BSLFI’G [NGROUP]
s~ m*4;JT*KT]

BSRITG ~GROUP]
sAR.rrr [MM*4;JT*KT]

BSBOTG [NGROUP]
SABOTT [MM*4;IT*KT]

BSTOPG ~GROUP]
SATOPT @fM*4;IT*KT]

BSFRNG ~GROUP]
SAFRNT [MM**IT*JT]

BSBAKG ~GROUP]
SABAKT [MM*4;IT*JT]

—

/ Block-VI: EDIT

ZNED

PomTs [KI, 61T*JT*KT
EDZONE [~,JT*KT]

mxs ~], 16NEDT
RESDNT
EDISOS [K], I&WSO
EDCONS [K], I&NISO
EDMATS [K], I&MT
XDF ~T]
YDF [JTl
ZDF [KT]

RSFE ~GROUP;-]
RSFX [IT-]
RSFY [~,-]
RSFZ [K~-]
RSFNAM [-]

ICOLL [K], I@NGROUP
IGRPED

MICSUM [-]
IRSUMS [-]

MASSED

POWER
MEVPER

RzFLux
RZMFLX
EDOUTF
BYVOLP
AJED
FLuxoNE

PRPLTED
IPLANE
JPLANE
KPLANE

T
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● THREEDANT INPUT DETAILS

Introduction
4

The following pages of this section give details for each of the input arrays. All valid
THREEDANT arrays are discussed in this section in detail complete enough to form the
input.

However, the beginning user, particularly one unfamiliar with discrete-ordinates codes,
may find that he is missing some information of a background nature. See “What Is
Available Elsewhere” on page 6-14 for that.

First, here are a few general instructions:

1. All six of the input blocks are normally included. Block-I is always required but
any of the other five blocks may be omitted under the proper conditions. The
input module reads each block in turn and from it generates one or more binary
interface files. The interface files drive the SOLVER and EDIT modules. Thus, if
the user wants no edits, the Block-VI input maybe omitted. Then with no inter-
face file, the EDIT module will not be executed. Alternatively, if the interface file
is available from another source, the corresponding block of input may be omit-
ted. For instance, Block-II describes the geometry. The input module normally
writes this information to the GEODST interface file. If the GEODST file is
available from another source or a previous run, the Block-II input may be omit-
ted.

2. A general theme of the THREEDANT input is that arrays that are not needed are
not entered. Presence of an array indicates that it should be used. Thus, for exam-
ple, if the density array is entered (DEN array), the cross section at each mesh
interval will be modified accordingly. No separate switch need be set to say that
the calculation should be done. To eliminate the density modification, simply
remove the DEN array from the input or comment it out.

3. The arrays, in general, are grouped in the input instructions according to func-
tion. Thus, for example, the input arrays for the volumetric source are found in a
single table, or grouping, of input.

4. Groupings of input data may be marked as “Required” or “Optional” in order to
guide the user and speed navigation through the input instructions.

“Required” means that at least one of the arrays in the grouping must be entered.
Thus, you must read through the grouping and enter at least one of the arrays
found there.
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Groupings marked “Optional” may be skipped if the subject is inappropriate.
Thus, using the previous example, if one has no volumetric source, one simply
skips to the next grouping of input; there is no need to read about any of the
arrays within the volumetric source grouping.

Arrays in groupings not marked as “Required” or “Optional” should be reviewed.
These groupings contain arrays of vital data that are used in every calculation,
but have default values. Thus, although you may not make any input to these
arrays and they are in that sense optional, you must concern yourself with them to
ensure that the default values are what is intended.

5. Input arrays may also be marked individually. If not marked, they inherit the
marking of the grouping in which they are contained. Thus, an unmarked array in
a “Required” grouping is required input and you must enter that array. An
unmarked array in an “Optional” grouping is optional.

You may encounter a “Required” array within an “Optional” grouping. That
means that if you decide to invoke the option represented by that grouping, you
must input that particular array. For example, if you want user defined response
function reaction rates calculated, you must input the RSFE array.

All arrays within unmarked groupings are optional. However, values in these
arrays may be used by the code, so you should concern yourself with the default
values if you choose not to enter a value.

6. Unless specifically noted otherwise, the default on all numeric inputs is zero.

7. In an adjoint run, none of the groupwise input arrays should be inverted. The
code will externally identify all groups by the physical group number, not by the
calculational group number (the calculational group number is in inverse order).
Thus, the user interface should be consistently in the physical group order.

8. The use of information within square brackets to indicate the size of arrays and
strings and the order within those arrays is the same as described in “M.lNI-
MAN_UAL Introduction” on page 6-22.

9. Except where noted, arrays and strings must contain the exact number expected
by the code (as indicated in the array or string description). If not, the code will
eventually abort with a (hopefully) descriptive error message or messages.

10. New users reading these instructions for the first time and unfamiliar with the
THREEDANT input may find it helpful to follow the sample input in Appendix
A while reading this section.

11. Array names are shown here in upper case. What you should actually input for
them will depend upon the code’s implementation on your platform. At the
present time, on most platforms, you should use lower case input.
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12.

13.

14.

Items in italics in the input instructions indicate actual values that maybe entered
for an array. You will frequently find switches where the input is the digit Oor the
digit 1. This will be represented by 0/1 in the input description. In other arrays
where an exact character string is required such as “ISOTXS” in the LIB array,
you will find the notation ZSOTXS. Note that in this notation, the word is both
upper case and italicized. This combination means you must enter exactly those
characters. Again, although the characters will be shown herein upper case, what
you should actually input for them will depend upon the code’s implementation
on your platform.

When a template for the input form is given, as for the MA’S array, the style in
the template tells the user what is expected. If an input word or value is lower
case and italicized, the user is to replace that position with the entry of his choice.
If the input word is in italicized style and in upper case, the user is to input
exactly those characters to achieve the desired result. Depending on the imple-
mentation on your platform, the input word, itself, is usually in lower case.

Units to be used for the input quantities are not spelled out as they only need to
be self consistent. However, the following are commonly used: Dimensions in
centimeters, isotopic cross sections in barns per atom; then it follows that atom
densities are in atoms per barn-centimeter. Sources are particles per cm3 per sec-
ond for volumetric sources and particles per cm2 per second for boundary
sources; fluxes will then be in particles per cm2 per second.
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Title Line Details

Title Line Control
(format 316)a

{Required}

Word Name Comments

1 NHEAD Number of title lines that follow.b

2 NO’ITY Suppress output to on-line user
terminal?
0/1 = nolyes.

3 NOLIST Suppress listing of all ASCII text
input?
0/1 = nolyes. (default=no)

a. WARNING! Note that this first line is in fixed format.

b. Follow this control line with NHEAD title lines containing descriptive comments.
Each title line may contain up to 72 characters.
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Block-I Details: Dimensions and Controls

Dimensions
{Required}

Name Comments

IGEOM Geometry. 14/15 = x-y-zh-z-e
or use one of the following character strings:

X-Y-Z, R-Z-T

NGROUP Number of energy groups.

ISN Sn order to be used. If ISN is negative, code will use
the Chebychev-hgendre (IQUAD=2) quadrature set. (See IQUAD
input on page 6-54.)

NIso Number of physical isotopes on the basic input cross-section library.

MT Number of physical materials to be created.

NZONE Number of geometric zonesb in problem.

IM Number of coarse mesh intervals in the x (or r) direction.

m Total number of fine mesh intervals in the x (or r) direction.

JM Number of coarse mesh intervals in the y (or z) direction.

JT Total number of fine mesh intervals in the y (or z) direction.

Number of coarse mesh intervals in the z (or 9) direction.

KT Total number of fine mesh intervals in the z (or (3)direction.

a. Material is defined on page 6-44.

b. Zone is defined on page 7-13.

c. Coarse mesh is defined on page 7-13.

d. Fine mesh is defined on page 7-13.
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Storage Requirements
{Optional}

Name Comments

MAXSCM Length of SCM desired (default=4000010)

MAXLCM Length of LCM desired (default= 14000010)

Note: The above input (Dimensions plus Storage Requirements) for Block-I will cause
the code to attempt to produce a full run, subject to availability of the input

normally found in the other Blocks. The controls below allow shortened print
files, partial runs (say, of only the input module), or cause the code to ignore any
of the other input Blocks present. For full details on their use, see “PIECEWISE
EXECUTION” on page 13-19.
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Run Configuration Controls
{Optional}

Name Comments

NOSOLV Suppress solver module execution. 0/1 = no/yes.

NOEDIT Suppress edit module execution. 0/1 = no/yes.

NOGEOD Suppress writing GEODST file even though the geometry input
(Block-II) may be present. 0/1 = no/yes.

NOMIX Suppress writing mixing files even though the mixing input in
Block-IV may be present. 0/1 = no/yes.

NOASG Suppress writing ASGMAT file even though the assignment input
in Block-IV maybe present. 0/1 = no/yes.

NOMACR Suppress writing the MACRXS file even though both Block-III
and Block-IV may be present. 0/1 = no/yes.

NOSLNP Suppress writing the SOLINP file even though Block-V may be
present. 0/1 = no/yes.

NOEDTT Suppress writing the EDITIT file even though Block-VI may be
present. 0/1 = no/yes.

NOADJM Suppress writing the ADJM.AC file even though an adjoint
calculation is called for. 0/1 = no/yes.

Note: Default on all these controls is no.
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Block-II Details: Geometry

Geometry Arraysa
{Required}

Name Comments

XMESH ~+1] x (or r) coordinates of coarse mesh edges.

YMESH [JM+l] y (or z) coordinates of coarse mesh edges.

ZMESH [KM+l] z (or 0) coordinates of coarse mesh edges. When r-z-0
geometry used, Elis in revolutions.

Number of fine meshes in each coarse x (r) mesh

Ymrrs [JM] Number of fine meshes in each coarse y (z) mesh

ZINTS [KM] Number of fine meshes in each coarse z @) mesh

ZONESpM;JM*Iaq Zone numberb for each coarse mesh. This array defines
the geometric zones to which cross-section materials
are assigned via the ASSIGN input array of Block-IV.
The zone number must not be greater than NZONE.

1’

a, Definitions of coarse mesh, fine mesh, and zone are given in the chapter ‘TXHXILS OF THE
BLOCK-I, GEOh4ElRY, AND SOLVER INPUT” sting on page 7-1. See note on units on
page 6-31. The information entered in this block is written to the CCCC standard interface file
GEODST.

b. A zone number of zero indicates the mesh contains a voi& and no cross section will be associated
with that mesh. The zero zone number is not counted in the total zone count NZONE.
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Block-III Details: Nuclear Data

Nuclear Data Type and Options
{Required}

It Name Comments

LIB Namea and form of the cross-section data file.
Enter as a data item one of the following words:

Word

ISOTXSb

XSLIB

ODNINP

GRUPXg

BXSLIB

h4ACRXd

XSLIBB

MACBCD

Descri~tion

CCCC standard isotope ordered binary cross-
section file.

ASCII text library supplied in a separate file
named XSLIB.

ASCII text library follows after this block of
input (after the T of Block-III).

CCCC standard group ordered cross-section file.

Binary library supplied as a separate file named
BXSLIB. [See “Binary Form of Card-Image
Libraries (the BXSLIB file)” on page 10-12.

Use existing files named MACRXS for
SOL~R module, SNXEDT for EDIT module.
These files were created in a previous run. Under
this option, any remaining Block-Ill input and,
unless otherwise specified in Block-I, any
PREMIX and MATLS input in Block-IV will be
ignored.

See “XSLI13B Card-Image Library File” on page
10-12.

ASCII form of MACRXS file.

A4ENDF (LANL only) See “The LOS Alamos MENDF5
Cross-Section Library” on page 10-13.

MENDFG (LANL only) See “The Los Alamos MENDF5G
Gamma Cross-Section Library” on page 10-14.

other Lfa word other than those listed above is entered,
the code will use the file with that word as its
name, provided that file exists in the user’s file
space. Such a file must be structured as an
XSLIB file.
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Nuclear Data Type and Options (Cont.)
{Required}

Name Comments

W-RITMXs Controls the code’s writing certain ASCII cross-section files.e
optional } Enter one of the following words:

Word Description

A4ACBCD Creates the cross-section file named MACBCD,
an ASCII image of the MACRXS binary file.

XSLJBB Creates the cross-section file named XSLIBB, an
ASCII image of the BXSLIB binary file.

XSLIBE Creates the cross-section file named XSLIBE, an
ASCII file derived from, and corresponding to,
the MACRXS binary file. XSLIBE is in Los
Alamos 6E12 format (IFIDO=O).

XSLIBF Creates the cross-section file named XSLIBF, an
ASCII file derived from, and corresponding to,
the MACRXS binary file. XSLLBF is in FIDO
fixed-field format (IFIDO=l).

,NG Number of the last neutron group in a coupled neutron-photon
optional } library. Used only to separate neutrons from gammas in the edits.

ALXS cross-section balance control. Enter one of the following values:
optional } WARNING See page 10-21 before using!

Value DescrilXion

-1 balance cross sections by adjusting absorption
cross section.

o do not balance cross sections. (default)

1 balance cross sections by adjusting self-
scattering cross section.

JTICHI MENDF fission fraction to be used for the problem (LANL only).
optional } 1/2/3 = Pu239/U235/U238 (default is U235). Will be overridden

by any CHIVEC input described below or by any zone-dependent
CHI in input Block-V.

331VEC Chi vector (fission fraction born into each group). Used for every
NGROUP] isotope. Will be overridden by any zone dependent CHI input in
optional } Block-V.

a. On UNIX systems, the user may specitjI a search path for some of these files using the environment
variable SNXSPATH. See “Library Search Path” on page 6-98 for details.

b. The CCCC standard for file ISOTXS does not allow the inclusion of the 2L+1 term in the higher
order scattering cross section. However, if you have a nonstandard file which contains the 2L+1 term,
you may override by setting 12LPl=l. See ‘Text Cross-Section Library Format” on page 6-41.

THREEDANT will then convert the cross sections to the appropriate internal form.

c. The 2L+ 1 term on GRUPXS is treated the same as for ISOTXS. See footnote b.

—
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d. In the convention used in this user’s guide, a MACRXS library contains “material” cross sections; all
the other libraries contain “isotope” cross sections.

e. See “COUPLED NEUTRON-GAMMA CROSS SECI’TONS” on page 10-15.

Alternate Library Name
{Optional}

Name Comments

LIBNAME Alternate name of the library file. May be used only with certain
types of libraries. See Table 6.1.

1’ II

The entries in the LIB input variable normally dictate both the form and the name of the
cross section library. If the user specified ISOTXS, for example, the code would look
for a file named ISOTXS and expect it to be in the CCCC format for an ISOTXS file.

For some libraries, the user may specify the form in the LIB array and specify separately
the name in the LIBNAME array. The libraries that can be treated this way are shown
inTable 6.1.

Table 6.1 LIBNAME Availability

==F=l

GRUPXS I Yes I

MACBCD I No I
XSLI13B I No I
MENDFa I No I

=%=4
a. Available only at Los Alamos.

b, Available only at Los Alamos.
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The BXSLIB file requires special treatment. It is normally created when the original
library is a text library in the ODNINP or XSLIB form. In subsequent runs, this binary
BXSLIB file maybe used as the source of the cross-section data. The user may wish to
save this file under another name. The program, in future runs, may then access the
library for reading by using LIBNAME to specify that name.

This is a wise procedure because some cases using the BXSLIB form as input also
require rewriting it in order to add new information. When this situation arises, the
rewritten file is always named BXSLIB. Thus, if the original BXSLIB form library had a
different name, it would be protected from being overwritten. For the remainder of the
current run, the program will access the file named BXSLIB.
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●
Text Cross-Section Library Format

{Required if LIB= XSLIB or LIB=ODNINP}

Name Comments

MAXORD Highest Legendre order in the scattering tables.

Number of positions (entries) in each row of the
cross-section table.

Position number of the total cross section.

IHs Position number of the seE-scatter cross section.
{optional} (default = IHT + 1).

IFIDo Format of the cross-section library.
{optional} -1/O/lA2 = Precision(4E18)/Los Akunos(6E12)/fixed-

field FIDO/free-field.

A title line precedes each table. 0/1 = no/yes
{optional}

12LP1 Higher order scattering cross sections on the library
{optional} contain the 2L+ 1 term. 0/1 = no/yes. Note: For a

non-standard ISOTXS or GRUPXS that contains the
2L+1 term, enter a 1 here.

SAVBXS Save the binary form of the ASCII text library
{optional} XSLIB or ODIWNP for use in a subsequent run.

Saved on file BXSLIB. 0/1 = no/yes.

KWKRD Process fixed-field FIDO-format, ASCII text library
{optional} with fast processor at the sacrifice of error checking?

0/1 = no/yes (default=yes).

N- ~SO] Character name for each of the input isotopes. Can be
{optional} used later in mixes. (default names are: ISO 1,

1S02, . . . etc.).

EDNAME W-3] Character name for each of the EDIT cross-section
{optional} positions used in the cross-section edits. These are

the positions before the absorption cross section in
the cross-section table. (default names are: EDIT1,
EDIT2 , . . etc.).

NTPI ~SO] Number of Legendre scattering orders for each
{optional} isotope in the library. (default=MAXORD+l in all

positions).

VEL ~GROUP] Speeds for each group. Needed only for alpha
{optional} calculations.

EBOUND ~GROUP+l] Energy group boundaries.
{optional}
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ASCII text libraries may be entered in one of the four forms indicated by the IFIDO
input. All four forms share the following features: Cross sections are entered in a table
optionally preceded by a title line. A table consists of NGROUP rows of entries. Each
row contains the cross sections for a single group and consists of IHM entries. The user
specifies the positions in the row occupied by the total and selfscattering cross sections.
Order within a row (e.g., for group g) is then as follows:

Notice that all terms in the scattering matrix are in positions relative to that of the seLf-
scattenng position and the rest of the cross sections are in positions relative to the posi-
tion of the total cross section. The positions before the absorption cross section are
frequently used for edit cross sections. For more detail, see “Ordering of Cross Sections
Within a Cross-Section Table” on page 10-10.

Different Legendre orders are in different tables, which follow in order.

The user may order the group structure either by increasing energy or by decreasing
energy. However, it is conventional and desirable for most problems to order it by
decreasing energy, that is, group one is the highest energy. In that case, the scattering
cross sections to the left of ag+g such as og+l ~g me upscattenng terms and the terms to

the right of ~g+g are the downscattering terms.

In the Los Alamos format, the table is entered with a standard Fortran 6E12 format.

For greater precision in your inpu~ use the 4E18 option.

In the fixed field FLDO format that ANISN8 uses, entries are made in six twelve-column
fields. Each twelve-column field is divided into three subfields, a two-column numeric
field, a one-column character field, and a nine-column numeric field. See page 9-19 for
details if you are not familiar with this input. The last field in each table must have the
character Tin the character position. No array identifier should be used. This format also
restricts the usable input operators to T, *, R, -, +, and Z.

In the free field form, entries do not have to be in designated columns. Rather, the rules
specified in the chapter “FREE FIELD INPUT REFERENCE” starting on page 9-1
apply. Each table in this form is also terminated with the character T. No array identifier
(i.e., array name with appended equals sign) should be used.
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Block-IV Details: Cross-Section Mixing

A short summary of the primary mixing arrays, MATLS and ASSIGN, is given here for
quick reference. Normally, THESE TWO AlU&4YS ARE REQUIRED and, in most
problems, would be the only arrays in this block. Other mixing arrays are also briefly
described.

There are actually several nested levels of mixing. Each level has the job of calculating
k

values from expressions of the form: Zg = ~ Nioi, ~ for each group, g. The user’s job
iel

is to input the Ni for all the k components of the mixture and to specify each component,

i. Component i has the cross section, ~i,~. In common usage, for the first level of mix-

ing, ~i,~ is the effective microscopic cross section, and Ni is the atom density of isotope
i, and Zg is then the macroscopic cross section of some material. In a higher level of
mixing, these materials may be homogenized into a single material by using their vol-
ume fractions for the Ni. With several nested levels, the user has a great deal of flexibil-
ity in defining what Xg is for that level. A more complete discussion of mixing will be
found in the chapter “MATERIAL MIXING TUTORIAL” starting on page 11-1.

A discussion of cross section processing is outside the scope of this document, but it
should be noted that the user needs to be aware of the processing that is inherent in the
input library. For instance, for materials in which there are isotopes with cross-section
resonances, self shielding of the cross sections for these isotopes may be important and
this effect must have been considered in the preparation of the “effective” microscopic
cross sections for these isotopes. Since the self shielding is dependent on the amounts
and types of the other isotopes in the material, the “effective” cross section is strictly
valid only for use in a mixture which has the same composition as was used in the self
shielding calculation. If the user desires to use this same “effective” microscopic cross
section in some other composition (mix) of material, it is up to the user to verify the
accuracy of this approach.
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Primary Mixing Arrays
{Required}

Name Description

MATLSa [-;M’Tl Instructions for mixing “isotopes” or premixes into
“materials.” See details below.

ASSIGNb [-;NZONE] Assignments of materials to geometric zones. See
below.

PREMIX [-;-] Instructions for mixing “isotopes” into premixes. See
{optional} below.

a. The information entered in the MATLS array is written to the CCCC standard interface files NDXSRF
and ZNATDN.

b. Information entered in the ASSIGN array is written to the code-dependent interface file ASGMAT.

In order to understand how cross sections are mixed and the resultant material placed in
the problem, we first need a little conceptual information.

.

The key entities used in specifying the cross-section spatial distribution are coarse mesh,
zone, isotope, and material.

The basic geometry of the problem is defined with the coarse meshes specified in
Block-II. The geometric areas called zones are also defined there using the ZONES
array; the ZONES array designates the zone number assigned to each coarse mesh.

Here in Block-IV, we mix cross sections and assign them to the zones created in
Block-II. For the purposes of this discussion, the cross sections found on the input
library belong, by definition, to “isotopes,” no matter what their true nature. These “iso-
topes” may then be mixed to form materials, using the MATLS array. Materials are then
assigned to zones using the ASSIGN array.

The general form of a MATLS mix instruction is shown below:

MATLS= matl compl denl, comp2 den2, ...etc .... ;

where matl is the desired character name of the first material and compl, comp2, and so

on are the character names of its components which have “densities” of, respectively,
denl, den2, and so on. Additional materials (i.e., mut2, mat3, and so on up to the required

number, MT) are defined in subsequent strings. Each string may contain as many com-
ponents as necessary (actual limit= 500). A component is usually an isotope from the
library, but may also be a temporary material created by the PREMIX array (see below).
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When the component is an isotope, the deni is commonly the atom density of the isotope

in that material although other definitions exist (See MATSPEC on page 6-49).

Short form: MATLS= ISOS

This form specifies that there should be as many materials as isotopes and that isotope
number 1 is to be used for material number 1, isotope number 2 is to be used for material
number 2, and so on.

In the special case where there is only a single component in a material and its density is
unity, the density entry may be omitted as in the first material below:

MATLS= matl compl; mat2 comp2 den2; ...etc .... ;

ASS GNI imut arrav

The general form of the ASSIGN instruction is shown below:

ASSIGN= Zonel matl Voll, mat2 V012, ...etc .... ;

where Zonel is the desired character name to be used for the first zone (the one specified

with numeral 1 in the ZONES array). mutl, mut2, and so on are the character names of

the materials that will be present in this zone with, respectively, the “volume fractions”
Volz, V012,and so on. Additional zones (i.e., zone2, zone3, and so on up to the required
number, NZONE) are defined in subsequent strings. Although it is highly recommended
that you use character names, here it is convenient to use the numeral for the zone name
because it is the same numeral entered in the ZONES array.

Short form: ASSIGN= MXZZS

This form specifies that there are as many zones as there are materials, and that material
number 1 is to be assigned to zone number 1, material number 2 to zone number 2, and
so on.

NOTE: The short form ASSIGN=MWZ.S can not be used if you intend to use the
ASGMOD input array described later in this section.

PREMIX imut array

The PREMIX array forms temporaxy materials in a way exactly analogous to the way
that permanent materials are formed in the MATLS array. The difference in treatment is
that the temporary materials created by PREMIX exist only long enough to complete the
mixing; they are not available for assignment to geometric zones, nor are they available
for use in material edits.

The general form of a PREMIX mix instruction is shown below:

PREMIX= tmatl compl denl, comp2 den2, ...etc .... ;
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where tmatl is the character name of the first material and cornpl, comp2, and so on are

the character names of its components which have “densities” of, respectively, denl,
den2, and so on. Additional temporary materials (i.e., tmat2, tmat3, and so on) may be
defined in subsequent strings. A component maybe either an isotope from the library or
another temporary material created by PREMIX.

The PREMIX array is useful for organizing the mixing input. For instance, it is fre-
quently useful to mix the cross sections for a molecule of water and then in subsequent
mix instructions, to input the molecular density of water as opposed to entering the atom
density for both hydrogen and oxygen. Other examples are to form average cross sec-
tions for an element composed of many isotopes, or to form full density materials and
then in later mix instructions to put in the volume fraction of the full density material.

ter Name s vs. Numeric Na~

In the foregoing discussion, isotopes, materials, and zones were identified by their char-
acter names. Optionally, they may be referred to by their ordinal number. Thus, 2 for an
isotope name would call for the second isotope on the library. However, this practice is
NOT recommended.

THE CHAIUCTER NAME FORM IS HIGHLY RECOMMENDED. It provides the
most straightforward, most readable form. If the character name form is used, the nam-
ing input arrays in the following table are not needed.

Using the character name form in one array and the numeric name form in another array
is particularly discouraged. However, should one wish to use the numeric form in the
MATLS and/or ASSIGN arrays, and then subsequently associate character names with
the ordinal numbers, one can use the naming arrays in the following table to do so. This
situation could arise if, for some reason, one wanted to use material numbers in the
MATLS array, but use character material names in the ASSIGN array.

When the library is of the MENDF form, the character names that must be used for the
isotope names are discussed in “The Los Alarnos MENDF5 Cross-Section Library” on
page 10-13.

Mixing Array for a Concentration Search
{Optional}

Name Description

ASGMODa [-;-] Cl parameters used in concentration searches. See the
discussion below.

a. The information entered in the ASGMOD array is written to the ASGMAT file together with the
information from the ASSIGN and CMOD arrays.
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A= MOD immt arrav

The ASGMOD array is used in conjunction with the ASSIGN array when one wishes to
vary the composition of a zone or zones in order to achieve a certain value of k-effective
or alpha (i.e., in a concentration search). The concentration (or volume fraction) of mate-
rial x in zone z is given by the following expression:

C(z,x) = CO(Z,X)+ C1(Z,X)*CMOD

where Co(z,x) is the base concentration of material x in zone z. This is the concentration

(or volume fraction) entered in the ASSIGN array for material x. In these arrays, x is
not any kind of an index; correspondence is made by name, rather than by position
within the array. Thus, for instance, in a problem that had ten materials, we might only
assign one of them to a given zone. It would then probably be in the first position in the
ASSIGN array string for that zone even though it might have been say, sixth in the list of
all materials.

Cl(z,x) is the corresponding entry in the ASGMOD array for material x in zone z.

CMOD is the search parameter (sometimes called search eigenvalue) that will be varied
by THREEDANT in order to achieve the desired k-effective or alpha value. In a search
calculation, the initial value for CMOD will be the input value EV.

The general form of the ASGMOD instruction is shown below:

ASGMOD= zone matm Volm, mutn Voln, ...etc .... ;

where zone is the character name of any zone in the problem, mutm mutn, and so on are

the character names of any of the materials that will be present in this zone, and Voln,

Voln, and so on are the Cl values for respectively, mutm, mutn, and so on. Additional
zones may be specified in subsequent strings. All zones do not have to appear in the
ASGMOD array nor do all materials within a zone have to appear in the string for that
zone.

Concentration Modifier
{Optional}

Name Description

CMOD Concentration modifier. Input value is not used in a search.
See the discussion below.
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The concentration modifier, CMOD, is varied by THREEDANT during a search calcu-
lation. For any other type of calculation, a value of CMOD may be input and the compo-
sition of the zones will be calculated using the expression above for C(z,x).

Fine Mesh Mixinga
{Optional}

Name Description

Read the composition of each fine mesh from the file
LNK3DNT. 0/1 = no/yes.

a. x-y-z geometry only.

The fine mesh mixing algorithm is designed for a general geometry option in x-y-z
geometry using a volume fraction method on the fine mesh. It implies that one has an
auxiliary code which will generate the volume fraction data from a general geometry
description and store it on the file LNK3DNT.
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Miscellaneous Mixing Input
{Optional}

Name Comments

MATNAM MT]

ZONNAM [NZONE]

MATSPEC [~T]

Am [S2*NIS()]
{requiredb}

Character material names for Materials. Used only if
the mutl name used in the MA’S array was integer.
First entry in MA~AM array is the desired character
name for Material number 1, second entry is the
desired character name for Material number 2, etc.

Character zone names for Zones. Used only if the zone
name entry in the ASSIGN or ASGMOD array was
integer. First entry in the ZONNAM array is the desired
character name for Zone number 1, second entry is the
desired character name for Zone number 2, etc.

Tells code whether material mixing in the MATLS
array is in terms of atomic densities, atomic fractions,
a.dor weight fractions.
Allowable entries are the words:

ATDENS (default) atomic densities
ATFRA~ atomic fractions
WT.FRAC weight fractions

Can be input as a vector with up to MT entries (one for
each Material) [See “Using Atomic Fractions or
Weight Fractions (MATSPEC)” on page 11-13.] If less
than MT entries are made, the last entry will be used to
fill out the array to a length of MT.

Atomic weights of the isotopes. If using
MATSPEC=ATFIUIC or WTFRAC, atomic weights
must be available to the code. Entries for the ATWT
array are made in pairs, as follows:

ATWT= isol atwt~ iso~ atwt2 ....

where ison is the isotope name (identifier) for isotope n
on the cross-section library and atwtn is that isotope’s
atomic weight.
[See “Using Atomic Fractions or Weight Fractions
(MATSPEC)” on page 11-13].

1’

a. ATFRAC and WTFRAC cannot be used with PREMIX.

b. Required iff MATSPEC=ATFWIC or WTFRAC and atomic weights are not available from the input
library.
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Block-V Details: Solver Input

Desired Calculation
{Required}

Name Comments

IEVT Calculation type: Enter one of the following values:.

Value Description

o source

1 keff
2 cc(time absorption) search

3 concentration search

4 dimension search

ISCT Legendre order of scattering (default= O).

ITH 0/1 = directiadjoint calculation (default= O).

IBL Left boundary conditions: 0/1/3 = vacuum/reflectiveJwhite
(default = vacuum).

IBR Right boundary condition: 0/1/3 = vacuumlreflective/white
(default = vacuum).

IBT Top boundary condition: 0/./2/3 = vacuurrdre5ectivdpefi~cl
white.
(default = vacuum).

IBB Bottom boundary condition: O/lA?/3 = vacuurn/reflectiveJperiodic/
white.
(default = vacuum).

n3m Front boundary condition: 0/1/2/3 = vacuumlreflectivdpefiodicl
white.
(default = vacuum).

IBBACK Back boundary condition: 0/1/2/3 = vacuum/reflective/periodic/
white.
(default = vacuum).

a, The left boundary condition applies only for x-y-z geometry.
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Iteration Controls
{Required}

Name Comments

EPSI Convergence precision (default=O.OOOl).

Maximum number of inner iterations per group at first (default= l).

Maximum number of inners allowed when near fission source
convergence (default chosen by code).

Om Maximum number of outer iterations (default=20).

ITLIM Number of seconds time limit (default=unlirnited).

NOSIGFa Inhibit fission multiplication in a tied source problem.
0/1 = nolyes.

a. The situation envisioned by this option is that a fission problem has previously been run in which case
a FIXSRC file will have been automatically written. That FIXSRC file will contain the pointwise
source given by ( 1/keti) xg@ where @ is the fission distribution. Then the problem is rerun with
NOSIGF=l and INSORS=l to achieve the same answer as the original. This can then be used to study
differences from the original system that do not impact the fission source.

K-Code Convergence
{Optional}

Name Comments

KCALC Special Criticality Convergence Scheme. 0/1 = no/yes.

1’ II

A special convergence scheme may be invoked for problems which require a good
eigenvalue, but do not require tight convergence of the pointwise fluxes. It consists of
converging the eigenvalue, but not the pointwise fluxes. Normally both must be con-
verged. It also sets the default for eigenvalue convergence to 0.001 rather than 0.0001.
To invoke this option to save running time, set the input parameter KCALC to unity.
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Output Controls
{Optional}

Name Comments

FLUXP Final flux print. 0/1/2 = ncdisotropiciall moments.

XSECTP Cross-section print. O/lZ2 = no/principal/all .

FISSRP Fission source rate print. 0/1 = nolyes.

SOURCP Source print. 0/1/2/3 = nohts inputlnormalizedboth.

ANGP Print angular flux. 0/1 = no/yes. CAUTION! This is very LARGE
output. ANGP=l will cause the RAFLXM or AAFLXM file to be
written.

BALP Coarse Mesh Interval Print Options. Enter one of the following
values:

Value Description

o None

1 Print coarse mesh balance tables.

IwFLux Prepare angular flux file (IU@LXM or AAFLXM). O/l = nolyeso

RMFLux Prepare flux moments file (RMFLUX or AMFLUX). 0/1 = nolyes.
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Miscellaneous Solver Input
{Optional}

Name Comments

TRCOR Apply transport corrections to cross sections on MACRXS file.
Enter one of the following words:

Word Description
DZAG Use diagonal transport correction.
BHS Use Bell-Hansen-Sandmeier correction.

CESARO Use Cesaro “correction.”
NO (or omit entry) Use no correction.

NORM Normalize the fission source rate to this value when IEVT.GE. 1
or normalize the inhomogeneous source rate to this value when
IEVT.LT. 1. NORM=O means no normalization. (Integral of
source rate over all angle, space, and energy = NORM, except
for ~fi problems where the integral is equal to NORM*~m)
Any fluxes printed here (i.e., caused by setting FLUX? nonzero)
will be normalized consistently with this source rate.

CHI ~GROUP;M] Fission fraction born into each group.b Enter by zone up to M
zones. Succeeding zones (i.e., zones M+l through NZONE) will
use the CHI values from zone M.

DEN ~,JT*KT] Density factor to use at each fine mesh point.
or

DENX ~]c Density factor to use at each fine x-mesh (default= l).
and/or

DENY [JT] Density factor to use at each fine y-mesh (default= l).
and/or

DENZ ~T] Density factor to use at each fine z-mesh (default= l).

WDAMP ~GROUP] Flags to activate adaptive weighted diamond differencing
(AWDD)9 for each group. O.OAV = no/activate AWDD with
parameter W.d If W = 0.0, the default diamond with fixup is
used.

a. For more information, see “Transport Corrections for the Cross Sections ( TRCOR )“ on page 7-31.

b. This input will override any previous CI-11from earlier blocks or from any cross-section library which contains
cm.

c. In this second form, the density factor DEN(iJ,k), at mesh interval (i,j,k) is computed as follows:

DEN(iJ,k) = DENX(i)*DENY(j)*DENZ(k)

d. Recommend 1.0< W e 4.0 for shielding applications.
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Quadrature Details

II Name Description

GRPSN

IQUAD

~GROUP]a

WGTb [MMc]
{optional}

MU MM]
{optional}

ETA
{optional}

Sn order to be used for each group.

Source of the quadrature constants.
Enter one of the following values:

m Descrbtion

-3 Get constants from SNCONS file.
-2 Triangular Chebychev-Legendre built-in set. Any

even value for ISN can be used up to 50. From 50 to
100, ISN must be in multiples of 10. See Ref. 7 for
details.

1 Traditional built-in constants. Any even value for
ISN can be used between 2 and 16, inclusive. (This is
the default).

2 Rectangular Chebychev-bgendre built-in set.
(REQUIRES ISN negative in Block-I!) Any even
value for the absolute value of ISN can be used up to
50. From 50 to 100, the absolute value of ISN must be
in multiples of 10. See Ref. 7 for details.

Quadrature weights.

Mu cosines.

Eta cosines.

1’

a. Value must be less than or equal to abs(ISN) in Block-I.

b. Presence of the WGT, MU, and ETA arrays overrides the IQUAD input.

c. MM=ISN*(ISN+2)/8 for iquad = -2,1.

MM= (ISN/2)**2 for iquad = 2.
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Flux Guess From a File
{Optional}

Name Comments

INFLux Read the initial flux guess from a file.a 0/1 = no/yes.

If ITH=O and ISCT>O, and the flux moments file RMFLUX exists,
read the initial flux guess from RMFLUX. Otherwise, read the initial
flux guess from the RTFLUX file.

If ITTI=l and ISCT>O, and the adjoint moments file AMFLUX
exists, read the initial flux guess from AMFLUX. Otherwise, read
the initial flux guess from the A~UX file.

a. There is presently no text input flux guess available for THREEDANT.

General Eigenvalue Search Controla

● { IEVT >1}

Name Cormnents

IPVT Type of eigenvalue to search for in a concentration or dimension
search. 0/1/2 = none/ ~ff / a. (default= 1).

Pv Value of ke~ or u to which to search. (default = 1.0 if IPVT=l, 0.0 if
IPVT=2.

EV Initial search parameter. Value at which to start the search parameter.
(default=O).

EVM Initial search parameter increment. Amount by which to change

search parameter in the first step of a search. (REQUIRED - there is no
default).

XLAL Lambda lower limit for search. (default = 0.01).

XLAH Lambda upper limit for search. (default = 0.5). II
XLAX Lambda convergence criterion for second and subsequent search steps.

(default = 10*EPSI).

POD Parameter oscillation damper. (default=l .0).

1’ 1]

a. See “Eigenvalue Searches” on page 7-33 for definitions of these quantities.
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THREEDANT can vary the composition or dimensions of a zone (or zones) in order to
achieve a desired k-effective or alpha value. The search input consists of the above gen-
eral search input plus input specific to the type of search being performed.

Dimension Search Input
{Required if IEVT=4}

Name Comments

XM ~] x-dimension fractional change per coarse mesh.

YM [JM] y-dimension fractional change per coarse mesh.

ZM [KM] z-dimension fi-actional change per coarse mesh.

The dimension search requires the XM and/or YM and/or ZM input as well as the gen-
eral search input above. During the search, THREEDANT varies the search parameter
(sometimes called the search eigenvalue) denoted by EV in the following expressions to
change the coarse mesh boundaries:

XMESHi+l = XMESHi + {XMESHi+l-XNIESHi} * [1.O+EV*XMi]j i=l, . . . JIM

YMESHj+l = YMESHj + {YMESHj+l-YMESHj } * [1.O+EV*YMj], j=l, . . . ,JM

ZMESHk+l = ZmHk + {Z~Hk+l-_Hk} * [1.O+EV*ZMk], k=l, . . . ,~

Although they may seem a bit awkward at fist, the user will find these expressions to be
quite flexible. Whh proper choice of the ~i, YMj, and ZMk values, the user can move

any or all of the coarse mesh boundaries while allowing others to remain stationary. The
quantities in { } in the above expressions are always formed from the original input val-
ues.

Concentration Search Input
{Required if IEVT=3}

Name Description

The solver input for a concentration search is to set IEVT = 3 ( page 6-50) and input
the general eigenvalue search controls. But you must also input the ASGMODa
array in Block-IV.

a. A concentration search involves the mixing instructions. A discussion of the ASGMOD array is found
in the mixing input description on page 6-47.
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Volumetric Source Options
{Optional} -

Name Comments

INSORS Read source from interface file
FIXSRC.
0/1 = no/yes

----- For a text-input source, choose one of the following options:

Option 1:

SOURCE ~GROUP; NMQ] Source spectrum for each of NMQa
moments. (Spatial distribution is
assumed to be flat with value unity)

Option 2: (input all three arrays)

SOURCX ~,NMQ]b x (or r) spatial distribution for each
moment.

SOURCY [J~NMQ] y (or z) spatial distribution for each
moment.

SOURCZ ~~NMQ] z (or 0) spatial distribution for each
moment.

(Spectrum is assumed to be flat with value unity)

Option 3: (input all four arrays)

SOURCE ~GROUP; NMQ] Source spectrum.

SOURCX ~~NMQ] x (or r) spatial distribution for each
moment.

SOURCY [J~NMQ] y (or z) spatial distribution for each
moment.

SOURCZ [KZNMQ] z (or 6) spatial distribution for each
moment.

Option 4:

SOURCF ~,JT*KT*NGROUP*NMQ] Spatial distribution for each row,
group, and moment.

Option 5: (input both arrays)

SOURCE ~GROUP; NMQ] Source spectrum.

SOURCF ~ JT*KT*NMQ] Spatial distribution for each row and
moment.

—
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a.

b.

NMQ is not an input value but is computed from the number of strings read. NMQ must correspond
exactly to the number of moments in a Pn expansion of the source. The number of moments is (n+l)2.
n must be less than or equal to ISCI’. See page 12-24 for more details.

Only in option 4 is the complete pointwise source array, SOURCF(iJ,k,g,m), given. In all other cases,
it must be formed from the lower dimension arrays that are input. That calculation is done by forming
the product of those arrays. Thus, in option 3, where the source spectrum, SOURCE@, m), and the
spatial distributions SOURCX(i,m), SOURCYQ,m), SOURCZ(k,m) are given (for moment m), the
full source at mesh point (iJ,k) in group g for moment m is calculated as follows:

SOURCF(iJ,k,g,m) = SOURCE(g,m)*SOURCX(i,m)* SOURCY(j,m)*SOURCZ(k,m)

Boundary Source Input
{Optional}

Name Comments

----- For a text-input source, choose one of the following options:

Option 1: Isotropic Boundary Source

SILEFT [NGROUP;JT*KT] Isotropic source on the left face.
(Spectrum at each y,z mesh interval.)

SIRITE ~GROUT;JT*KT] Isotropic source on the right face.

SIJ30TT [NGROUP;IT*KT] Isotropic source on the bottom face.

SITOP [NGROUP;IT*KT] Isotropic source on the top face.

SIFRNT ~GROUP;IT*JT] Isotropic source on the front face.

SIBACK ~GROUP;IT*JT] Isotropic source on the back face.

Option 2: Full Angular Boundary Sourcea

SALEFT mb*4;NGROUP*JT*KT] Angular flux on the left for each angle,
group, and y,z mesh interval.

sARrrE [MM*4;NGROUP*JT* KT] Angular fluxes on the right face.

SABOTI’ [MM*4;NGROUP*IT* KT] Angular fluxes on the bottom face.

SATOP [MM*4;NGROUP*IT*KT] Angular fluxes on the top face.

SAFRNT W*4;NGRouP*IT*JTl Angular fluxes on the front face

SABACK W*4;NGROUP*IT*JT] Angular fluxes on the back face

a. The order of the angles is identical to that used in the Sn Constants table in the output file. The order of
the angular octants is: mu< O, eta <O, tsi c O; mu> O, eta c O, tsi c O; mu e O, eta >0, tsi < O; mu >0,
eta> O,tsie O;mue O,eta<O, tsi >O; mu> O,etae O,tsi>O; mue O,eta>O, tsi>O, andmu>O,
eta >0, tsi >0, where each angular boundary source requires four octants for specification.

b. See “Quadrature Details” on page 6-54 for value of MM.
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, TOP

FRONT
RIGHT

Ifl z

Figure 6.2 Orientation of Faces

Note the non-standard orientation of the z axis and accordingly that top is NOT in the z
direction.

Within option 3 are four suboptions that involve different combinations of ‘vector’ type
input for the boundary sources. All the vector input is defaulted to unity if not entered
explicitly. The fill angular source for the left face, for example, is constructed as follows
for the 4 options (the source construction on tbe other faces is analogous):

Option 3a- S(m,g,y,z) = BSL~G(g)*BSLFI’Y(y) *BSLFI’Z(z)*BSLFI’A(m)

Option 3b- S(m,g,y,z) = BSLIWG(g)*BSLFI’YZ(y,z) *BSL~A(m)

Option 3c- S(m,g,y,z) = BSLFI’G(g)*BSLFTYZ(y,z,m)

Option 3d- S(m,g,y,z) = BSLITG(g)*SALEFI’(m,y,z)
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Boundary Source Vector Input Combinations
{Optional}

Left Right Bottom Top Front Back

Option 3a: Boundary Source By Product Of Vectors

BSLITG BSRITG BSBOTG BSTOPG BSFRNG
~GROUP]

BSBAKG
~GROUP] ~GROUP] [NGROUP] ~GROUP] [NGROUP]

BSLFTY BSRITY BSBOTX BSTOPX BSFRNX BSBAKX
[JT] [m ~T] ~T] ml ml

BSLFTZ BSRITZ BSBOTZ BSTOPZ BSFRNY BSBAKY
[KT] [KT] [KT] ~T] [J-r] [JT]

BSLFTA BSRITA BSBOTA BSTOPA BSFRNA BSBAKA
[MM*4] m*41 [MM*4] lmf*41 [W*4] W*4I

Option 3b: Boundary Source By Product Of A Spectrum Vector, An Angular
Distribution Vector, And A 2d Spatial Array

BSLFTG BSRITG BSBOTG BSTOPG BSFRNG BSBAKG
[NGROUP] [NGROUP] [NGROUP] [NGROUP] ~GROUP] [NGROUP]

BSLFI’YZ BSRITYZ BSBOTXZ BSTOPXZ BSFRNXY BSBAKXY
[~,KT] [J~KT] ~~KT] ~,m] [1’ly’r] p’ryr]

BSLFTA BSRITA BSBOTA BSTOPA BSFRNA BSBAKA
[MM*4] W*4I [MM*4] m*41 [MM*4] [MM*4]

Option 3c: Boundary Source By Product Of A Spectrum Vector And A 3d Space-
Angle Array

BSLFTG BSRITG BSBOTG BSTOPG BSFRNG BSBAKG
[NGROUP] [NGROUP] NGROUP] [NGROUP] [NGROUP] [NGROUP]

BSLITYZ BSRITYZ BSBOTD BSTOPXZ BSFRNXY BSBAKXY
[~,KT* [~,KT* ~,KT* m,m” ~JT* [1’Iy’r”

MM*4] MM*4] MM*4] MM*4] MM*4] MM*4]

Option 3d: Boundary Source By Product Of A Spectrum Vector And A 3d Angle-
Space Array

BSLIWG BSRITG BSBOTG BSTOPG BSFRNG BSBAKG
[NGROUP] [NGROUP] [NGROUP] [NGROUP] ~GROUP] [NGROUP]

SALBFT SARITT SABOTT SATOPT SAFRNT SABAKT
[MM*4; [MM*4 [W*4; W*4; [W*4; [MM*A
J’T*KT] J’T*KT] ~*KT] IT*KT] ~*JT] ~*JT]
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Block-VI Details: Edit Input*

Edit Spatial Specifications
{Requireda}

Name Comments

PTED Do edits by fine mesh. 0/.1 = no/yes.

ZNED Do edits by zone. 0/1 = no/yes. (i.e., edit zone, not
SOLVER zone. See EDZONE input below.)

POINTS [~*JT*KT] Fine mesh point (or interval) numbers at which point
{optional} edits are desired. USED ONLY IF PTED=l. (Default=

all points)

EDZONE [I~JT*KT] Edit zone number for each fine mesh interval. USED
{optional} ONLY IF ZNED=l. (default= SOLVER coarse mesh

interval numbers, see ZONES array, Block-II on
page 6-36)

a. Either PTED or ZNED or botb must be unity in order to produce reaction rate edits.

* More details for the input for edits are given in chapter ‘RUNNING THE EDIT MODULE” starting on page
8-1.
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Reaction Rates from Cross Sectionsa
{Optionalb}

Name Comments

EDXS [-DT] Cross-section types to be used in forming reaction rates.
{required’}

May be entered by integer (denoting edit position of desired
cross-section type) or by the character name of the cross-
section type. See the table’’Edit Cross-Section ~pes by
Position and Name” on page 6-64 or “MENDF Library
Edit Cross Sections” on page 6-71 for the available names.
NEDT is the total number of edit cross-section types
available from the input cross-section library. (default = all
shown in the table)

Note: The cross-section types specified @ this array apply
to any or all of the following edit forms: RESDNT,
EDISOS, EDCONS, EDMATS.

RESDNT Do edits using the resident macroscopic cross section at
each point. 0/1 = no/yes.

EDISOS [~SO] Character names of the isotopes to be used in forming
Isotopic reaction rates. The ordinal number may alternately
be used but is not recommended. (default= none).

EDCONS [-SO] Character names of the isotopes to be used in forming
resident Constituent (partial macroscopic) reaction rates.
The ordinal number may alternately be used but is not
recommended. (default = none).

EDMATS [SMT] Character names of materials to be used in forming
Material (macroscopic) reaction rates. The ordinal number
may alternately be used, but is not recommended. (default=
none).

xDl!@ ~] Fine mesh density factors for the x(or r), y(or z) and z(or (3)

YDF [JT] directions, respectively. The density factor is used to
multiply resident Constituent (see EDCONS), resident

ZDF [KT] macroscopic (see EDMATS), and resident macroscopic
(see RESDNT) reaction rates only. (Default= all values
unity).

a. See chapter “RUNNING THE EDIT MODULE” starting on page 8-1 for further discussion.

b. But either something in this grouping or the next must be input in order to produce reaction rate edits,

c. You must also enter one or more of the arrays EDISOS, EDCONS, EDMATS, or RESDNT.
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d. If density factors were used in SOLYER to modify the cross sections at each mesh interval, the same
density factors must be provided herein the XDF ancVor YDF and/or ZDF arrays as well. The density
factor at mesh interval (i,jJc) is computed as:

XDF(i)*YDF(j)*ZDF(lc)
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Edit Cross-Section Types by Position and Name

CROSS-SECTION INPUT VIA ISOTXS CROSS-SECTION INPUT VIA ASCII
or GRUPXS TEXT

m m
m m Nalll!2a ZM22 Position N3111Z

Chi 1 CHI ..... not used 1 CIW.....

nu-fission 2 NUSIGF.. nu-fission 2 NUSIGF..

total 3 TOTAL... total 3 TOTAL...

absorption 4 ABs ..... absorption 4 ABS .....

(n,p) 5 N-PROT.. lb 5 EDIT1...C

(n,d) 6 N-DEUT.. 2 6 EDIT2...

(n,t) 7 N-TRIT.. 3 7 EDIT3...

(n,alpha) 8 N-ALPH.. . . .

(n,2n) 9 N-2N .... . . .

(n,ga.mma) 10 N-GAMM.. . . .

fission 11 N-F.ISS.. N=IHl=3 4+N EDITN...

transport 12 TRNSPT..

a, Names are eight characters. A period within a name in this table denotes a blank.

b. Denotes position in the cross-section table. All cross sections in positions 1 through IHT-3 in the
cress-section library are EDIT cross sections chosen by the user.

c. These are the default names that maybe overridden with the user-option names in the EDNAME array
of Block-III.
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●
Reaction Rates from User Response Functions

{Optionala}

Name Comments

RSFE [NGROUP;M]
{required if user input
response functions are
desired}.

RSFX ~,M]b

RSFY [J~M]

RSFZ [K~M]

{optional}

RSFNAM ~]
{optional}

Response function energy distribution for each of the M
different response finctions desired. The number of
different response functions is arbitrary (but must be
fewer than 500). Data are entered as M strings, each with
NGROUP entries beginning with group 1.

Response function x (or r) distribution for M functions.

Response function y (or z) distribution for M functions.

Response function z (or@ distribution for M functions.

The above data are entered as M strings of IT, JT or KT
entries beginning with mesh point 1. (default=l .0)

Character names for the user-input response functions
specified above. (default = RSFP1, RSFP2,...RSFPM)

1’

a. But either something from this grouping or the previous one must be input in order to produce reaction
rate edits.

b. The m-th response function at space point (ij,k) and energy group g is computed as:

RSFX(i,m) * RSFY(j,m) * RSFZ(lc,m) * RSFE!(g,m)

THREEDANT USER’S GUIDE Version 3.0 6-65



THREEDANTINPUT DETAILS Block-VI DctaiIs: Edit Input

Energy Group Collapse Specifications
{Optional}

II Name Comments

II
ICOLL ~G] Edit energy group collapsing option:

Number of SOLVER energy groups in each EDIT broad group.
The NBG entries must sum to NGROUP.
(default = 1 energy group per EDIT broad group)

IGRPED Print option on energy groups. Enter one of the following
values:

I!a!E ~escriDtion

o Print energy group totals only

1 Print broad groups only

2 Print broad groups only (same as 1)

3 Print both broad groups and totals
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Reaction Rate Summing
{Optional}

Name Comments

MICSUM [<500 sums] Cross-section reaction rate summing specifications.

The MICSUM array is a packed array with data entered
as follows: A set of Isotope numbers or names is given,
followed by a set of cross-section type position
numbers or names (see “Edit Cross-Section Types by
Position and Name” on page 6-64). These sets are
delimited with an entry of O (zero). Reaction rates are
calculated for each Isotope specified for each cross-
section type specified and summed to form the first
sum. The next two sets of data are used to form the
second sum, etc. Up to 500 sums can be specified. (for
more detail, see “Response Function Summing
Options” on page 8-13).

IRSUMS [<500 sums] Response function reaction rate summing
specifications.

The IRSUMS array is input as follows: A set of
response function numbers or names is entered and the
set delimited with an entry of O (zero). Reaction rates
are calculated using these response functions, and the
rates are summed to form the first sum. The next set of
data is used to form the second sum, etc. Up to 500
sums can be specified. See page 8-13 for more detail.

Mass Inventories
{Optional}

Name Comments

MASSED Calculate and print mass inventories by zone. 0/1/2/3 = none/
solver zones/edit zones/both (default= 1). This option is active
only if atomic weights are present. See ATWT on page 6-49.
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Power Normalization
{Optional}

Name Comments

POWER Normalize to POWER megawatts.a
{required}

All printed reaction rates and the fluxes on files RTFLUX and
RZFLUX (if requested) will be normalized. Fluxes are normally
not printed here in the EDIT module, although they may be
extracted by using a unit response function. Any such fluxes will
also be normalized to POWER.

Contrast the normalization on these printed fluxes to those printed
by the FLUXP input in the SOLVER Block (see NORM on
page 6-53).

MEVPER MeV released per fission (default=210 MeV). This value will be
{required} used along with the calculated fission rate to determine the power.

For the power calculation, THREEDANT needs to know which
cross section is the fission cross section. It uses the one from the
library that has the name N-FISS. Lf one uses an ISOTXS or
GRUPXS library that designation is automatically provided (See
“Edit Cross-Section Types by Position and Name” on page 6-64).
But if one uses an ASCII text library, either ODNTNP or XSLIB,
then the name N-FISS must be entered in the proper place in the
EDNAME array (page 6-41).

a. Note that this normalization is meaningless if you are using the results of an adjoint run.
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Miscellaneous Edit Items
{Optional}

Name Comments

RZFLUX

RzMFLx

EDO~

BYVOLP

AJEDd

FLuxoNE

Write the CCCC standard zones flux file RZFLUX or AZFLUX. II
0/1 = no/yes.

Write the code-dependent zoneb flux moments file RZMFLX
AZMFLX.
0/1 = no/yes.

ASCII output files control. Enter one of the following values:

Value Descri~tion

-3 Write both EDTOGX (without scalar fluxes) and
EDTOUT files.

-2 Write EDTOGX file (without scalar fluxes).

o Write neither file. (default)
1 Write EDTOUT file.
2 Write EDTOGX file (with scalar fluxes).
3 Write both EDTOGX (with scalar fluxes) and

EDTOUT files.

Printed point reaction rates will have been multiplied by the mesh
volume.
0/1 = nolyes.

Regular (forward) edit/Adjoint edit. Regular edit uses the
RTFLUX scalar flux file; adjoint edit uses the ATFLUX flux file.
0/1 = regular/adjoint.

Flux override. 0/1 = no/yes.
Replaces all the input fluxes by unity. Useful for seeing the cross
sections used in cross-section edits. WARNING! Meaningful
reaction rates cannot be obtained when this switch is on.

1, ,,

a. RZFLUX and AZFLUX are organized by solver zones.

b. RZMFLX and AZMFLX are organized by solver zones.

c. See “ASCII File Output Capabilities (the EDOUTF Parameter)” on page 8-15.

d. See “Adjoint Edits” on page 8-15.

THREEDANT USER’S GUIDE Version 3.0 6-69



THREEDANT INPUT DETAILS Block-VI Details: Edit Input

Special Plot Linkage
{Optional}

Name Comments

PRPLTED Write an ASCII file of the pointwise reaction rates to link to
the TECPLOT” plotting package available commercially for
a SUN workstation.

0/1/2/3 = print only/nothing/tecplot file/both print and tecplot
file.

IPLANE [SIT] x mesh numbers at which to write a y-z distribution.

JPLANE [~T] y mesh numbers at which to write a x-z distribution.

KPLANE [<KT] z mesh numbers at which to write a x-y distribution.

To exercise this option, the user must have set PTED=l. The code will calculate reaction
rates at all the fi~ mesh intervals, and any POINTS input will be ignored.

To link to the TECPLO~ code, the user chooses option 2 or 3. Separate ASCII files
called rsp.dat and med.dat will be written for the response function and material edits,
respectively. These files are in input form for the TECPLO~ preprocessor.

If option O (print only) is chosen, no TECPLO~ files will be written but the reaction
rates will be printed. The format of this printout is organized in a two-dimensional way
unlike the normal printout from the EDIT module.
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MENDF Library Edit Cross Sections

Reaction me Name Description

x
Wf

q
CJa

(n,n)

(n,n’)

(n,2n)

(n,3n)

(n,y)

(n,a)

(n,p)

(n,f)

(n,n’)f

(n,2n)f

(n,F)

Xp

cm
NUSIGF

TOTAL

ABs

MEND1

MEND2

MEND3

MEND4

MENDS

MEND6

MEND7

MEND8

MEND9

MENDlo

N-FISS

MEND12

MEND13

fission spectrum

effective nu-sigma-fission

Total cross section

absorption a

elastic scattering

inelastic scattering

n,2n scattering

n,3n scattering

gamma production

alpha production

proton production

direct fission

second-chance fission

third-chance fission

[(n,F) = (n,f) + (n,n’)f + (n,2n)fl

prompt fission spectrum
(only for fissionable materials)

total fission speclrum
(only for fissionable materials)

When using the Los Alarnos MENDF5 cross-section library with the codes there are
numerous edit cross sections available for use in the Edit Module. Since these come
from the MENDF file, they are called upon with special character names in the Edit
Module as part of the EDXS input. These names are defined above.
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APPENDIX A: SAMPLE INPUT

Sample Problem: Standard k~, Calculation

A small but complete sample problem input is shown below. It is a four group calcula-
tion of the eigenvalue and eigenfunction of an X-Y-Z model of a sodium cooled fast
reactor experiment. The geometric model contains five zones, core, radial and axial
blankets, and control rods. Macroscopic PO cross sections for each material zone are
entered in the input stream after Block-III as macroscopic cross sections where the total
is in position 4 and the inscatter is in position 5.

In the edit input, the code is asked to calculate point reaction rates and reaction rate
totals for each edit zone. These are based on the response functions as a function of
group entered in RSFE which obtains the scalar flux for each group.

Sample Problem: Output Description

Selected items in the output listing are described here. We focus on items particular to a
three-dimensional calculation. For a more thorough description of output items common
to one-, two-, and three-dirnensional calculations, the reader is referred to Appendix A
in the chapter “ONEDANT USER’ S GUIDE”.

Block-I shows this to be a 14x14x30 fine mesh problem in 8x8x4 coarse meshes; and we
are to do a 4 group, S8 calculation. In Block-II is given the mesh and zone specifica-
tions. A zone map for each coarse mesh k-plane is shown on page 6-84, and the mesh
information is summarized on page 6-85. These edits are useful for verifying that the
input geometry matches what was intended. Note: In this particular run, we are not
using material 4. In Block-III, we have input the macroscopic cross sections for the 5
materials of the problem in 4 energy groups. Thus in Block-IV, the mixing instructions
are the simple option. The cross sections as used for the calculation are printed starting
on page 6-86. In Block-V, we specify that this is a ~ff calculation with reflecting bound-

aries on the left and bottom of the system and vacuum on all other boundaries. We also
specify a convergence criterion of 5X10-5, and we provide the CHI values (fission spec-
trum) in this block. The rest of the input in this block speeifies that we are to print the
cross sections and gives the upper limit to the number of outers as 11. In Block-VI we
indicate that we want point and zone edits for the response function RSFE only. We
speci~ the edit zones for the zone edit by EDZONE which is on the fine mesh. The
points we want values for are given by the POINTS array and are translated on
page 6-90 for verification.

After the display of the code’s interpretation of the input data, the actual calculational
iteration monitor is shown on page 6-88. This monitor displays the convergence of the
eigenvalue and fission source distribution as a function of outer iteration assuming the
default iteration strategy of one inner iteration per group per outer until the fission
source has nearly converged. In this example these are the fist 6 outers; on the seventh
outer, the scalar flux is iterated to convergence to give the final eigenvalue and fission
source distribution. This problem converged to 5x10-5 in 29 total inners and in 12.2 CPU
seconds on a Cray YMP. On page 6-89 is presented the integrated balance table by
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group which gives an indication of goodness of solution as well as displaying important
physical quantities. The output from the edit module begins on page 6-92 which is a
zone and point edit of the scalar flux as was intended according to the input specifica-
tions. Note if further edits were desired, the edit input of Block-VI could be changed
accordingly and the NOSOLV=l set in Block-I. This would run only the edit module
using the previously generated flux and geometry files.
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Sample Problem: Output Listing
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●

* ...mbdrqimtmxkm
**,*,*****,,***ti**.*****.*****,**ti******h,********************m**,*************,*,************b***************b******

. . .

●

● mix m Ckmify Cnlp Cin5itye.
● —— ——— —
●

● KOti
● ——
●

● ilxs I.coxm+ca,
● ;: 2 l.comE+cm,
● 3. M isd l.cmxm+Oo,
● 4. ilus l.cmxE+cO,
● 5. - iEe5 l.cwJMmOO,
●***********************
%ystArtmixcadxs*
●,*******,**************
●***********************
Iqta mixcaIa. *
**h ********************
*,****************************************w************.*************t̀i**&***********************h************.****b******
H****************************
*mi h3cckv IEd-snlv&
●*********4*******************
●**b**w****ti*********+&k****
%yC?I’xi ydcvimxi—dl .~*
●*b ●******●*****************
●*********W************
qcd *ndll.e*
●** ●*******************
●
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w* M*ti*ti******** ******ti*****ti****ti* ***** ***** *******w** ***** w**** ***wti********* **************
***** ******************** *********** ********** ****************************** *ti******-***** ********%*****

thisthrEdrt IRrhlellm al 01/17/95with edvsr Wrsi.m 1O-K3-9*—— release2.5
*3Dnr.d310f asmll FER.

naddme

wrcsssEdicm fmniIgXlt...
●

*************** w**** ***** ***** ***** ***** **ti*********** ***** -**** *******ti*********** **-*********M******

*

*
●

✎..blc&v -mlwl-irpt...

****-**** ***** ***** ***** ********** ********** ***** ********** ***** ***** ***** ****ti******************ti*******ti
●

☛

●

●

●

●

☛

☛

☛

☛

☛

●

●

●

●

●

●

☛

●

●

☛

●

☛

●

●

☛

☛

●

●

☛

●

☛

☛

☛

☛

●

☛

☛

●

●

?aw
tit dead— .—

1 1 im

0 0 isct
0 0 ith
1 1 ihl

0 0

0 0

1 3.

0 0

0 0

5.CyE-05 5.ooy-05 Gpi
ilt.1

o 30 iim!

11 II oitm
o 0 itlim

...=wi=d .axlt(im-wn=m.din) . . .
o/1/:/3/4- * of Cal.m3atim

1 k-effective

4 &lta(i.e. dimmxn

rygZL&&&!#CJ-~ (Cwault=dimsc)

O/1/2/3- ~ tumkzy cxrxfitim
VaaanVrefledkdticl+te

...~ammk (auwrme=iter)...

n%nunrM&r Ofcuteritemticm &faJlt=20)
iteratim tinelimit [~)

********-* ***** *w*** ***-* ***** **** -**** **** -**** ***-* w**** *********************-*w********
***** *************** ********** *************** ***-* ******************** ***** ***** ti****-******** *************
****ti********* ***** *************** ***** ***** ***** ***** ***** ***** ti***********w* *ti************ ****-*******
***** ********** ***** ****-*** -**** ti************* ti*********w*** ************************-*********-********
●

●

* . ..b3dcv-sdwr&ut ( -“ 1)...

*************** ***** ***** -**** **-* -**** ***** *********-w**********-********-***--****-****
● rasas
●

* * d=falltcd
.—

●

●

●

●

..~===-=(=m’- =mis)...
● 1.m2fxlo l.Gt?clE+c+lm
* 1“ timfaf.m

● o 0
* o 0

&
● o 0
● o oi%Y
* o 1 hd
●

●

●

☛

☛

●

Ca3joint)

*
●

☛

●

☛

☛

●

☛

●

●

☛

●

●

☛

☛

☛

☛

●

;
o
0
0
0
0
0
0
0
0

:
0
0

...pran?t-minfem-dfmniqxltauays...
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●

●

*
*****+*&*********************n*****w******k***********ti***********************************n***********************&kb****
*b***************************************************************************m**********4**********b**********k************
*****k*******************************************************************************************************e*********d****
**k**k*4*****k*********A**************H*************************************k***************h********.**********b****&&**ti
●

●

●

☛

☛

●

☛

●

☛

☛

●

●

☛

●

☛

☛

●

●

☛

14
4
8
5
5
8
8

1:

3

rultxrofl
M&-of f+ms?lyime?sds
~OffMEIEil zimOsO.lf3
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********** *************** ********** ***e* ***ti********** ****** —**** ********** ***** ****** WW*W***M*****
***** ****,, **,** **,** ***** ***** ***** ***** ***** ***** ***** ***** ****, **** -**** ***w* ***w************,********
*
*
* . ..uak-ial aEsigmEntstOzaxs. . .
●

*
****************M**++***

“w--to== *
W*************************

●

● Zc#.? ITOtet-ial
● m. - m. rme*
●

* 1 &l
;%S 2iSa2

* 3zaE3 3iSa3
* 4ZCIE4 4i.Sd
● 5nxE5 Sti
******************** ***** -**** ******,******w**************-****m*********-****-**********************
****** ********** ***ti**ti*w**** ******************** *************** ***** ********** ****--*** ***** ***** ***-ti**
********** *-*** ***** ***** ******************** ************************************w*********-***-**********
*
● ***********-**-***
●key9mrt61magenEQ*
● ***M*********-***

●

● scms~sullmzy. . .
*
● !xtalsmll-Ewi@ f-&
●

90739
naxinunmnawdati 3mXQ

* s==wp=dfi~ 67970
* San ~i fardiffusi.m 90682
*
*
● lmEtmTgs’smmxy...
.

2U3602~lm~~
***** **********-ti-*****H***** ***********-e** *M*w***ti**-**--* **************************************-
****************************-* *tic******************-** ***************-***************-**w**-********-
*
● 7.erOflm
●

***m* ***w* ***** ***** **-*w* ***** ***** ***** ***** ***** ***** ***** **-** ***** MM*** ********w***-
●

WE****************

●kefst.artEn Omamt.5*
***-****************
●

● s8cms_lhr9m.IP3 ltD4
● m
●

eta xi

0.14598559G01
0.I1656904E-01
0.l16569041Wl
0.l1656904E-01
0.MX2W3E01
0.IX56904E-01
0.14598559G01
0.31656904E-01
0.l1656904E-01
0.14598559E-01
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******4k*h*******k*.4 .**** ****4 ****w* ***. *******~ ~**** ***** ***** **4** *+*** ***** ****4 ***4* ***** ****ti

● *********k************

*5L5Ltmtetiale
***** *&*** *m******,***
*mtcdal wfbcktiimxvaln
●

● 5555555555555 5
*5555555555555 5
*5555555555555 5
●2225555555555 5
●2222225555555 5
●2222222255555 5
*2222222225555 5
*222222222555 55
*2222222222555 5
*222222222255 55
●222222222255 55
*22222222222555
*2222222222255 5
●2222222332255 5

●mterhlnzp t%rknmhimmd.s
●

l,to 4tijmsh~ 14, t0 l,amiinrsh~ 1, to 14.

—

5,t0 15dj-irtemds 14, m

16, tn 26.mljA imervak- 14, to l,tiimsh~ 1, m 14.

.-
.—

Zl, ta 3oa&jmshiXlXrds 14, tn l,tiid~ 1, to 14.

—

L—

.-

***fi*********************** *********ti***************************m* *********************************m* *************** b**** **h
ti************ **********************ti*****,**** *************** *************** **********************m****a*******b***.*******
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************Mti*w********,* ***** ****w-* ***w* ***** ********,* ****w* **M***************************,*****************

●

●

*
~—~9=—=Q’ ~t...

***-** ************,************w**** **w** ***** *********** ***** *******,** ***Ma************* *****
*
●

● *********W*************

** start 9=-=3’- ●***************************
*
●

☛

●

●

☛

●

☛

☛

●

●

☛

nxmsn

o o.cmE+co
1

1.5UOF+01

2
3.000E+O1

3
3.500W01

4
4.CmE+al

5
4.502E+01

6
5.ooillAol

7
5.500EM1

8
7.@Xmol

3

3

1

1

1

1

1

3

aatax

5.OWE+CC

5.002E+O0

5.oOmtoo

5.CWE+OO

5.CCOEXIO

5.CmEw20

5.ooIE+oo

5.OCm+Oo

m
0.000E4C0

5.000E+cm

1.500E+01

3.oooE+Ql

4.om

4.5cm+Ol

5.000E+O1

5.500E+01

7.ooOE+cn

%

1

2

3

2

1

1

1

3

.34* mEsh Zht

0.000EWYJ

S.ocm+uo
2.Km+ol 4

5.cm?+oo
7.502E+C0. 31

5.000EWO
1.300E+02 II

5.OcmE+oo
1.5COE+02 4

5.000E+OO

5.000!3+00

5.cmE+oo

5.OWE+OO

di?ltaz

5.omE+m

5.000E+OO

5.m3E+oa

5.010EW2C

********** ***** ***** -**-* ********,**********ti********* ***-**-******************--************
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*k*** ****k* *ti************ ***w* *************** ***** ***** ********** ********** ******************************************b***

***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ti************* ti**********ti* **&** ***** ***** ***** ***, ***** **, ***ti*****,**, *

*

* . ..-s13zial I-elatdckw lfumm.emxrm
*

01J17/C9:46:Wmim 1 ...

**********b************************,**********ti****************************************************`******************,,***
●

*
*liml 2 isi? 3iso3 4im4
*

Sti

●

●

*k****************************************************** *************************************************ti****ti*********4*k

*****hti************ ***** ***** ***** ***** ***** ***** ***** ***** ***** ***w* **ti******, ***** ***ti*** ***&*********************

***** ****ti**** ***** ***** ***** ***** ***** ***** **w** ********** ********** ******************************************,**********
*
● . ..-.iK&irm fur~atfeml LptO@L..
.
***********ok************ ***** ***** ***** M**** ***** ***** ***** ***** ****, *****, ***** ***** ***** ***** *r****************, *b*****

●

*

● *b*** ***** &***** *ti**********

%Eystart.-6cctims*
●** *************************
●

***&h* ***** ***** ***** *** M**** ************M**********

●

group 1 ti****+*****ti*************H*******tib**b**************
●

☛

☛

☛

●

●

☛

☛

☛

●

☛

●

☛

●

☛

●

●

●

☛

✎

. ..pimipll crmsslxtiam...

m * ~*~ tdal
I-D. rmm

5.e332Eiol 2.0606Ea 1.l~l 7.455Ss-03
;= 5.83326-01 1.3177E-02
3rlS-E3

1.1649E-01
5.8332E-01

5.3542E-03
o.oCJXEXa

;=
6.589@E-02 3.1074E-O4

5.83325-01 o.000CEXo 1.8433E-01 5.9764EW3
5.8332E-01 1.8950FW2 1.1969z-m 7.4ZKE-03

...Smttet-irq.mtrks ..
(21+1IKt Udm33ii

Cm$yr fytgrp

o 1
0 1

1
:1

-6ectkn9
7.0433E4
7.lm4Eio2
4.74QE-02
1.3437E-ol
6.91.KE-02

●

●

☛

●

☛

☛

●

☛

●

●

●

●

●

☛

●

●

●

☛

☛

☛

●

*****kti********* ***** ***** **ti&***M****** ************ group 2 *****************-**********************-************

m. mm
4.054SZ-01 6.1OWE-O3 2.Osmz-ol

:s 4.C545E-01
3.Q54E—03

1.2603!3-04
3rLxE3

2.2052E-01
4.0545E-01

1.4%OE-03
o.omoE+oo

4rUA
1.09ME-03

4.054SEW1
1.330a3-04

O.CWKE+OO 3.6632E—m 1.7694E*
5- 4.0545Eiol 1.7526-E-U 2.4219EA1 1.W06E—03

. ..8mtter@ nwrin33...
(21+1IKt.imhd33J

-8Er33rm
1.9i44E-ol 3.4797E-02
2.104W1 3.7317!s-02
1.06ME-Ql 1.76WE-02
3.lLE8E-ol 4.37-7m-02
2.3063E-CIL 4.0433E-02

●

☛

☛

☛

●

☛

●

●

☛

●

☛

☛

●

●

●

●

●

●

●

●

☛

ti*.,. "*.,, . . . . . . . ..**. A. . . .. M . . .. M.ti . . . ..** M*..** g r 0 u p 3 *****************************************-************

. . .~-s9dcr&. .

ZaE d rll*f.kdm tc2A
m. r?sm

1.1231E02 6.9140&03
:Z

3.293E-ol
7..I23IE-O2

7.eo14E03
ls230E-04

3XrFi3
3.4454E-ol

1.1231E-02
5.35C4H33

0.00X?WY3 1.867E4H31
4rU??4 1.1231E-02

4.4899E-04
o.oCwfMo 6.I.553E-01

5rUM?5 1.1231Eio2
8.0274?2-02

2.0698E-04 3.564aI-ol 6.7934E-03

...sc!atter.inJmtrices...
(21+1rm iIcl.@@

-SectiLm
3.2059EX31 6.208GH3 1.w25&03
3.3751E-01 8.59@.5E~ 2.2171Ei03
l.mm-ol 3.55476-03 4.570LW34
5.3.95XW1 2.9843E-02 2.WC15E*
3.4841E-01 9.SKm-03 2.6962Ea

**********H**** ******************************H*****

*
group 4 ****************--**-+*****-********-************

●
✎..~-8=dKn9...*

*
*
*
*
*
●

☛

●

ZuE a. nl*Eissim W
m. rum

o.ocomcQ 2.m69E-02
:%S

3.69811w21
O.OCWFAKI

2.7wm-02
7.873C?sa 3.883Q%4 1.3469E-02

o.CXYXE@3
:=

o.mooE+m 2.0993E-01
o.Cm33EXX

1.0752E-03
O.CWOE+OO 1.0949E+OI :.~7bXlE

5rU& o.CmoE+Q2 1.134SE-03 3.794?JH4 .

●

●
✎✎✎ ,mt?rks. . .-l%k%?UadEs31*

● yma7&tqstgrp
*

-8EIxims
3.&236E-ol 9.929m—04 7.0721E-07
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* 2 4 3.7489)2-01 1.6s3m3-03
● : 4

6.6S30E-07
2.0mK5E-01 1.02XE-03

● : 0 4
1.7760E-07

6.1827E-01 7.6621E-03
* 5 0

8.7339E07
4 3.6363E-ol 1.2720E-03 1.9957s?,-07

●

●

**we*********** ******M*** ****** tam************ **M**** ***** ***** ******************** ****w w**** ****w**
******************w* ***** **********, **, *************** ***** *w*** ***************M***************************
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********** ***** *************ti****H***** ***** ***** ********** ********** **************************************************
******************H**** ********** ********w* ***** ***********ti************ **********w***************************************.*
●

* . ..itOa’&nomtm2a at-daitelia...
*
*****************************************************ti***************************************M**********************k******
●

*
● ●**~ u-i.txria~
*
● u==P=. -
●

● ql!?ztiwtotcst Val.u?. a3imtakm ifwilue—n2ukd
● —— —— .—— —— —-—

*
*
*
*
*
●

☛

☛

●

*
●

☛

w**** ************************ti****** ********** tiw***********ti* *****************************&*****************************
**n***w*** *************H**** ti************* ***H**** ***** *****************************************************************,

**e************k********ti**** ********** *ti****m, ***** **************************ti********* ***********************,,*******
*********&*************** ********ti********** *************** ***** **4** ***M******************************,*** w**** ti, b****
●

● . .. flmani ~~=~k ~...
●

***** ******************** *************************w**** ********** ********** ********w**********,*************************
● **************k********ok****

%ystart. itxmtimmxd.tar*
*b*** *******k*****************

●

●

●cJxltim Oxer
● (6.32) Iyir—dmlt&2a

=- ~lmd=
* 4.41

I&&!-l iZ.lXciRqe I?iSsch?qe

* 5.76 0 5
*

0.946515u a.5303~3 o.occcm+m o.oom2w12
7.54 : 4 3

*
0.9725S7302.0394aE-022.44033E-012.59746EH31

3 4 0.973364213.
: ~:g 4 ;

Q85m-05 3.43649E-023.3946aE-02

5
o.973445es-8.6a5mEw6

:
6.07E3E-03 5.14875E-03

2 0.973471597.4m02E—06
● 13:74 6

2.5404aE-039.46a99GC4
4 2 0.s%4477691.a3401E06 1.102O9E-O32.30W4E-04

*
● ——
*
* —imxzritemtis.nmny fcr~i-dmm. 7—
●

—

*
*
*
*
●

☛

☛

●

●

$s$$$ all ~ a-itd.a kati.sficdS$.$$$$

~ ~bs.3z== = 3.83337E-CS miRwlla3.3. mteKa. 29

**fi******e******h*******ti***ti*****ti***********ti******-w*************k**w****ti****************m***ti*, ***********,****
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n**** ********** ******ti************ **,** ***** ***** ************w*******************************,**
***** ********** ********** ***** **ti*********,* *****, *,*** ***** *,*** **** -**** ***** ****ti********* ti**********
●

*
●

. ..9mQaiit.mi~qxrI Lcxrn.eIw-ra..
****-**** ***** ****************ti-***-******* *,*****************-ti******-*w*w* *************,**
●

☛

☛ . ..ti~3D nrx5310f asmU FfR
* .. .
*
●

●

☛

☛☛☛☛☛ ☛☛✌☛☛ ************H,****

wstartb.laretahle ●************************

...6ystmkalaln2tatk9...(mum.6—6ally)

●

☛

:W
*
* $* 3
● 4
**
● tat
*
*
●

● 9P
●

●

* ;
● 3
* 4
**
● W
●

*
●

*SP
●

●

* ;
● 3
● 4
●

*
●tct
+

in Saatter selfSatter cut.scatter

o.cmmcmMo 5.83319CUE-01
o.CmooooEtCKl 4.054mXlEiol
o.0200CXloE@o 1.I.231OXX-O2
O.COCIXXIOIWO o.oUXmXKQ

9.3606434502
2.4707.759E01
4.3338687E-01
6.0224756EN2

-2.5934810G13
4.5277070E41
5.5836863.E-01
6.53W654E-02

9.0152168E-01
1.5724966&Ol
1.9304294W31
9.8799133E-01

4.778i’527EXl
5.3335904%03
6.5330805EA2
1.20766-

1.1837289E02
7.7843956E-02
7.0881773E02
5.3.31&wE-03

8.3423565EWI

m-

1.0764970E+OCI 3.6918773EI01

M leak?qe

1.0765663E+O0 1.6569469E01

3.9859736H33 3.9859736EO3
2.561.3073E-02 2.5613073E-02
2.3914SX3W32 2.3914620EU2
1.5826589E43 1.5826589E-03

4.1657121E+3
2.6512387E-02
2.4460558E-02
1.6026469EW3

4.16573ZI.W03
2.6512387E-02
2.4460558E02
1.5U26469E-03

1.84.W340E03
1.2859263E-02
1.IX3323E-02
9.7318647EW4

3.6856031w03
2.5718496Ew2
2.2506595E-02
1.94&3709E-03

3.90C0696SM9
5.4039212EW8
5.32.24597w38
4.2!MR?90E49

5.50963262-02 5.50X326E-02

left~ tdSm13.mlql?

5.6M1304Eio2 5.674Y304E-02 2.692E%6E02 5.3857065242 3.8133656E-W

fi’axl- rprds?p32&m

1.8427993.WJ3 2.6283041E-01
1.2859233E42 3.9058652.E-01
1.1253282E-02 3.0268953W31
9.7318439EW 4.3893544)242

2.692&?981W2 1.oocooCnE1.@l

1.665334S3-16 -4.7184479E-16
9.9920072w16 -2.7755576E-3.5
7.771KUEi16 -2.4424907W35
3.4694470E17 -1.3877788E16

1.9775848E-’L5-5.8286709E-M

***** *************** ***** ******,******-* ***** ***** ********** ***** *,******** *************** *******ti*-**-
*****-**** *w*** ***** **,** ***** ****w* ***** ***** ***** ***** -*w** ********** ***** *ti**w*w**w***w* *********
***** ***** ****ti********* *********************-***********,****** —**** **ti,-********* **w** ********** *ti**
●

● Mllticzidwdcmits... ~* yac%wi ..
959.20W.

● 1. 245.49 3 236.05 4 235.39
●

-01
O.ocmmcmoo
l.oLmoooEtoo
8.3423565E-01
1.0764970E+O0
3.6918773E+01
1.0765663EIO0
1.6569469E-01
5.509E326E-02
5.50963261H32
5.6743304E-02
5.6741304E-02
2.69285662-02
5.3857065E-02
1.1530471E07

rE&ral

●

☛
✎✎✎

●

●

☛
✎✎✎

file Xtfl.uxW-ittm..

Eile-writtm..

thmAmL it.emti tire,snim 2.7624E-01
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*&*** ***** ****** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** ***** 4**** *******************4*4******.*

***** ***** **ti********, ***** ***** ***** ***** ***** **w** ************************* w**** ***** ***** ************ti************
●

●

* & nn m W17/95 with aolw wmim l&33-94~ rebae 2.5 ndim e

*************************,****************************************************************H**********ti●***ti****,*****ti
******A********************,*ti********************************** *************ti*****************************************
*************4***A************ti****************w*****&*********************************************************************
4
●

●

...d.t OJ@ut...

*b***b******ti*********ti**,****************************************************************************************.********,
●

●

+
●

...hlrdCvi-ditapdEicatim &ta...

*
●***********************
*5taKtdLta*
************************

********************************************** ********************************h*****************&**********

●

●

● - ~ kda-dru (lr41Y5.rE.o)
●

● t-z=w=*“●wiutarbeK!fkdR3z?5,—, crti)
●

●

*************************************************************************************************s`*****

●

●

●

☛

☛

●

●

●

●

☛

●

●

. ..irpturt?d kf3Jeta...

o q“d 0/1 di.=2t/djdm edit(we rtfbdatfltx Eilel

●

☛

●

☛ o.0wm3+oo
● 2.lomMIM2
●

●

*
●

●

*
●

●

●

●

●

*
*
*
●

*
*
●

+
*

...En=YfA.at.6ie3itinbmwim...
4 lU&TOffim n3JbUlgIUps
o mdlzroffim!~gnXIX
4 tch.lm14Xt-cffiregrcqz3
4 weal Nl&r0flXUw3gIqX

...-*M&~~...
27 rLrf&r0fp2ilh3m.3m
5 ~oE-toe3it
o onm&?9 dmsi Ikt.a13wrei.rp.i.

?’1 o/3f2/3 m@lver Cdit&th - nwss edit
(~atanic~mk~)

**h** ***** ***** ***** ***** ***** ***ti********** ***** ***** ***** ****** ***** ***** ***** ***** ***** ****tide****, ***** h**** *.*** ***** ti**

***** A**** *** b********* ***** ************************* ********************************************,*******,*******************

milt
2745
2746
2747
2748
2749
2750
2751

Z=
2754
2755
g;;

2758
2759
2m

Z!!
283.5
2829
2843
2857
2871
2=5
2899

2927

i
1

;

i
1
1
1
1

:
1
1
2
3
4
5
6
7
8

~

32
3.3
14

6-90 THREEDANTUSER’SGUIDE Vsrsion3.0



APPENDIXA SAMPLEINPUT SamplePrnblern OutputListing

***** ********ti*******, *******************M*********************,***

WI- alitirlfom-atim~ ~~
*****ti****************-* *******************,****w***********-****
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******************e* *******n** ***** *********m* ************ti*******ti** *****m****ti********* ****************4**********
● bk*********n*** *ti**&*M****

%-~~’***●*************************
● ●*****************************
* * ●

● ● SElwialmtes *
● ● ●

● * ~firdlkm *
● ● *
● ●****************************
●

●

●

●

...@t.33ittikcdgm.@ 1 ...

●

*
* ... —fUXtim9 ...*
●

●

☛

●

●

●

●

●

●

●

●

☛

☛

●

☛

●

●

☛

●

☛

●

●

☛

●

☛

●

●

●

●

☛

☛

avztxs

2.Xm

2:%
17.5ciu
22.5Cm
27.5CCCI
32.5CMI
37.5CW
42.5W3
47.5CC0
52.5Cm
57.5CC0
62.m
G..5CW
2.5CC0

::%

;:%
2.50C0

;:%
2.XCCI
2.5033
2.5CC0

::%

KS@

9.20579E-05
9.05611Fro5
8.7561CEH3S
8.31213G05
7.7UME-05
6.WH2E-05
5.8W22W35
4.550622-05
3.881941Hm
3.53697E-05
2.W78M
1.39354G05
6.7M2E—06
3.47325s-06
9.m554E-05
8.822292X5
8.44229E—M
7.9521W-05
7.33Q3E435
6.Q37@M5
5.M539E-05
4.924695X5
3.966%G05
2.78370s-05
1.496941H5
7.MX4E—06
3.7LWE—06

* ...zuEdit fu)xwdgrcqY 1 ...
*

*
●

☛

☛

☛

1 2.64CUW3S 1.lm36Ewl
2 9.WCE+04 4.86814W01
3 3.733Cmo3 9.32F241M2
4 3.75mw33 9.32825E42
5 3.675C?MK 1.19799E+O0

● �✎� ✍���

● am 7.3~
*

1.28750E+ol

●

●

●
...mim-dit fU-kxC=d9m-P 2 ...

●

☛

●
✎✎✎ =s==~ ...*

●

●

●

☛

☛

●

●

☛

☛

●

●

●

●

☛

●

●

☛

☛

●

●

●

●

●

☛

☛

●

●

●

●

☛

●

avd

2.50M

2:%
17.50M

z:%
32.50C0
37.50C0
42.5CC0
47.5CCfJ
52.5CC0
57.XCO
62.5CC0
67.5QXI
2.54K51
2.m

::%
2.m
2.5ml
2.5CW
2.5@Y3

::%
2.E4W3
2.5JYW
2.5m3

Is@

5.LF139E-04
4.98458E-04
4.81.972E-04
4.57496E*
4.25019EW4
3.8481ZE-04
3.33990E-04
2.85404FA4
2.w3mE-04
2.3.lo3eE-04
1.6U.76EXX
1.m919w
6.49290E-05
3.01813E-05
4.99656E-04
4.85592EJ34
4.64nawo4
4.373295X4
4.m82m-c4
3.647992-04
3.21COOE-M
2.731861M4
2.22573E-04
1.69706?W34
1.148wio4
6.P37W
3.1810E&05

● ...xrk?dit fcrbxedgrmp 2 ...
●

*
●

☛
✎..=a=-f-=if=. ..
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●

●
ZaE Vd.um?

* I%@

*
●

●

●

●

●

●

●

1 2.640CE+05 6.18625E+01
2 9.6000?W34 4.42842E+O0
3 3.750CW03 6.09456E01
43 .751ME+C136.09456E-01
5 3.6750E+05 1.U571.E+O1

Snl 7.3WOEX.05 7.866692+01

*
●

●

●
✎..==z== ~...

●

☛

●

☛

●

●

☛

☛

☛

☛

☛

●

●

☛

●

☛

●

●

●

☛

●

●

☛

●

☛

☛

●

☛

●

☛

●

-
2745
2746
2747
2748
2749
2750
2751
2752
2753
2754
2755
27%
2757
2738
2759

2787
2801
283.5
2&29
2843
2857
Zm
2895
2899
291.3
2927

avrad

2.5oal
7.5JXKI
32.W20
17.5CU0
22.5020
27.5C02
32.50W
37.5KXI
42.5om
47.5X0
52.50C0
57.XKXI
62.5a@2
67.5mo
2.5LlLll
Z.!wm
2.WX
2.50C0
2.50MI
2.5302
2.5000
2.5Cao
2.5520
2.5000
2.5CWI
2.5C02
2.50CYJ

Izpfl

3.24537E-04
3.29436!2-04
3.093891H24
2.945982-04
2.7WME—04
2.52855?2-04
2.27665W34
2.05602w34
1.84614G04
1.55344?344
1.24648E04
9.60693.!2-05
6.47537E-05
2.997225i05
3.2CX358E-04
3.21175G04
2.98044E04
2.80924w34
2.601642-04
2.36326E~
2.09953G04
1.82077E-U4
1.53428E-04
1.26294E0.4
9.837-J6E-05
6.67183E05
3.09541E-05

* ...zlxk?dittib.CdgzUq 3 ...
+
●

☛

●

●
✎✎✎ =s-sefu=i.m9 ..-

●

☛
m I.Olule ?s@l

●

●

●

☛

☛

●

●

●

1 2.6400E+05 4.21663ElCJl
29 .6000wM 4.41979E+o0
33 .750CE+03 4.62737E-01
4 3.750m+m 4.62737E-01
53.6750EI’05 1.1834.U3+01

B.ml7.3YmEto5 5.934.57E+OI

●

●

☛

●
✎✎✎ ==P=e~ . . .

●

☛

●

●

●

●

●

☛

●

☛

☛

●

☛

●

☛

●

●

☛

●

●

●

☛

●

☛

☛

●

●

●

●

●

☛

2745
2746
2747
2748
2749
2750
2751
2752
2753
2154
2755
2756
2757
2758
2759
2m
2787
Zlml
2825
2829
2e43
2857
2871
2885
2899
29S3
2927

avx-ed

2.5CC0

2:%
17.5002
22.WCO
27.5J3C0
32.50Wl
37.5CCtl
42.50C0
47.5aCa
52.50CC
57.EJm3
62.5arJ
67.5om
2.5W2
2.50C0
2.5CK0
2.5KK3
2.50C0
2.50C0
2.50Q2
2.%lo2
2.50W
2.513CKI
2.5000
2.5KI0
2.5000

I-E@

1.l1768E-05
1.1OO52E-O5
1.06823E-05
1.02056Ei05
9.6?723EO6
9.1491OE-O6
9.31915E46
1.UW71345
9.3mwio6
7.low@io6
5.55603E-06
4.92485wJ6
3.73025E06
1.80281EW6
1.10228E-O5
1.on92Eio5
1.02707Eio5
9.69048E-06
8.98989E-06
8.2C082E-06
7.34151E-of
6.48765EO6
5.68563E-06
5.21664E46
4.844581X6
3.75220E-06
1.820392-06

● ...ZSx?edittilnCdgzUQ 4 ...
●

*
*
*
●

✎✎✎ ==P==~ . . .
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●

☛

●

●

●

1 2.64mw35 1.59649E+W
: ;.= y$732Bl

4 3:7W3E+03 2:525UE-02
5 3.6750EW5 7.35933Eiol* —. —

● 9nl 7.3500E+05 2.73325E+O0
●

●

●

●

...&ditk t.&aln OftkerEullUlgzUps ...

●

●

●
✎✎✎ ❞❞ ✎✎✎

●

●

●

☛

●

☛

●

☛

●

☛

●

●

●

●

●

●

●

●

●

●

☛

●

☛

☛

●

●

●

●

●

●

●

●

2745
2746
2747
2748
2749

2m
2752
2753

275s

2757

2759

27S7
2aol

2829
2843
2a57

2m5

2%

avrd

2.50CII

2:%
17.m
22.5ocIl
27.-
32.5om
37.50W
42.50C13
47.5om
52.5000
57.m
62.m
67.W30
2.5Cm
2.5COI
2.5Jml
2.5mo
2.5W0
2.5WX3
2.5X+2
2.5CC0
2.5ocn

::%
2.5ml
2.5CW

9.345NE-04
9.294602+
8.89E09E-
8.4S423.2-04
7.874UE-04
7.165292-04
6.295161W4
5.46548E-04
4.83103E-O4
4.W340E-04
3.17459!3-04
:.2&e44

6:5427@05
9.214S2LW4
8.9571CW04
8.57456E-04
8.07464E-04
7.463-
:.-M!3M!3

5:1039EX-O4
4.213S5E-04
3.290%%04
2.33KEE—04
1.45997iX4
6.829622-05

* . ..xn?edit kth2sm0ft& mJt2cngo14s ...
●

●

●

● ... =r==~ ...
●

●

●

m tium Ix@-1

●

●

●

●

☛

12.64- 1.16629Eto2
2 9.6oCCmU4 9.6m35E+m
3 3.75CUX03 1.I.9073E+O0
4 3.75CKEX03 1.Bw3Etoo
5 3.675CGW5 2.492S3.EK71

●

☛ anl 7.35CC3+OS 1.53Q3E+02

—
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***** ***e* ***** *************** ti***M********w* **,** **, ***** ***** ***** -ti**-*****w*** -*************M

***** ***ti********** -**** ***** ***** ***** ***** ***** ***** ***** ***** ********************************************-

*

*

* nxlhigMi@s
●********************,***
●kfy*. hi@i&ts ●

********M*************
● ●**************-*******-*********
+ * ●

● * cdlnrdles are tcItaiv21y~. *
● * htaface EilegEdstwrittm. ●

● *
* ●

*
~~--+=-b Cd?&. ●

metnc&n far ifi&=2* ●

*
●

Ini+&! E&&! Writtm. ●

● .mter&x2 Lde asgmt writtm ●

* ● s files —, - Writtm. ●

* * +fcerke file EOlixpwritten. *
● ● mlxrke file ditit written. ●

● *
●

start SQlwx
*

* *
* ●

● ● stamditeEcutxn
● ●

* ‘dibod.etd.” :
●

* -ti-*w*******,* ***************
●

*
● em~mw
●

● ● *-*****************-***w****-********-****
●

☛

● Xln SJ’11 lmlmqlJsysiO*
●tiemrd51.imit wm-d51imit smsds~+

● ● ✿✿✿✿ ✿ ✿ ✿�� ��

● *“

*
*
●

●

☛

☛

●

●

●

☛

●

●

●

●

☛

●

☛

☛

●

☛

☛

●

☛

●

●

●

☛

0 16.8 1.4
● 105 954; 30XQ: o
● ml

: 4.3 0.2

* 102
0.7 0.0

I& 3CCd
● 103

24 6COOO~ 0.0 0.0
?2 30X510 o 0

● 104
0.1 0.0

2077 3001XI0 o 0 0.1 0.1
● 10s o 0 0 0 0.0 0.0

● 203 139i 300016 6 6 6;6 5:6
● 2M o 0 0
● 205

0.0
0 : 0 0 ::: 0.0

● 206 o 0 0 7.5 0.2
+207 o 0 0
*ma

8 4.6 0.6
0 0

● 210
0.0 0.0

0 : 0
* 231

: 0.0 0.1
0 0 0 0

● 300
0.0 :.;
0.3

* 301 36J3fl300CU: 3.3!60d 0.1 0:1
● 302 0 0 0 0 0.0 0.0
* 400 0 0 0 0 0.0 0.0***** ***** *************** ****ti******ti* ***********

●

☛

●

●

☛

●

●

●

☛

☛

☛

●

☛

●

☛

☞

●

●

●

●

●

☛

●

☛

●

☛

●

●

*
●

☛
✎..”

*
tennimtd. ..

●

************ w**** ti,*********-** ***** ***** wti******titi** *ti***w**w*ti** w**** ****************-**we***
********** **** -**** ********** ************************* *****, ***** **,** ********** ***** ***** ******,*** ****w
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APPENDIX B: OPERATING SYSTEM SPECIFICS

UNIXAJNICOS Execution

On UNIX or UNICOS systems, the input is on STDIN and the printed output is on STD-
OUT. Thus, the user will normally cause execution of the program with the command:

dant.x < odninp > odnout

where - dant.x is the name of the executable file, odninp is the user’s choice for a name
for the input file, and odnout is the user’s named output file. Whoever forms the
executable names the executable file. The name customarily used is dant.x.

STDERR contains a summary of the problem as it executes and, by default, is sent to the
terminal screen. Also included on STDERR are any error messages.
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Library Search Path

Most files read or written by THREEDANT are in the current UNIX working directory.
Some forms of cross-section files may be kept in other directories. By setting the envi-
ronment variable SNXSPA~, the user may specify an ordered set of alternate directo-
ries in which the program should look for the named files. As an example, if an ISOTXS
file is in the directory, /usr/tmp/xs, then the following command can be used

setenv SNXSPATH /usr/tmp/xs

and THREEDANT will then look in that named directory
path for each of the possible libraries is given in Table 6.2.

Table 6.2 UNIX Search Path

for the library. The search

LIB SEARCH PATH

MACRXS Current Working Directory (CWD).

GRUPXS SNXSPATH, then CwD.

ISOTXS SNXSPATH, then CWD.

I BXSLIB I SNXSPATH, then CWD, but see text below. I
ODNINP None, the library is contained in the input file. I
MACBCD CWD

XSLIBB CWD

MENDF@ Path defined in the code on UNICOS. MENDF binaries

m are unavailable for SUN.
I

XSLJB SNXSPATH, then CWD

other For any name other than those above, the program will
assume the form is XSLI13 and search for it in SNXS -

PATH, then CWD.

a. Available only at Los Alamos.

b. Available only at Los Alamos.

SNXSPATH can be used to protect an input BXSLIB file from being overwritten. See the
discussion on page 6-40.

6-98 THREEDANTUSER’SGUIDE %sion 3.0



DETAILS OF THE BLOCK-I, GEOMETRY,
AND SOLVER INPUT

Deterministic Transport Team
Transport Methods Group, XTM
Los P&mos National Laboratory

I
=
1-x

Los Alamos
National Laboratory



7-2 GEOMETRY,SOLVERINPUTDETAILS %sion 3.0



TABLEOF CONTENTS

TABLE OF CONTENTS

TABLE OF CON~~S .............................................................................................. 7-3

LIST OF FIGURES ...................................................................................................... 7-5

LIST OF TABLES ........................................................................................................ 7-7

INTRODUCTION ........................................................................................................ 7-9

MORE DETAILS ON BLOCK-I ~~ ................................................................... 7-11
Angular Quadrature (ISN) ............................................................................................................ 7-11
Geometry @IZONE, IM, IT) ........................................................................................................7.ll
MAXSCM, MAXLCM ................................................................................................................7.ll
Execution/File Suppression Flags ................................................................................................ 7-12

MORE DETAILS ON GEOMETRY INPUT ............................................................. 7-13

MORE DETAILS ON SOLVER INPUT ................................................................... 7-15
Iteration Strategy .......................................................................................................................... 7-15

Convergence Ctitetia .................................................................................................................... 7-19
Inner Iteration Convergence. ............................................................................................. 7-19
Diffusion Sub-Outer Iteration Convergence ...................................................................... 7-19
lhnsport Source Iteration Convergence. .......................................................................... 7-20
Final Convergence ............................................................................................................. 7-20

Grey Acceleration of Upscatkr .................................................................................................... 7-21
Iteration Monitor Print ................................................................................................................. 7-21

General Aspects of the Monitor Hnt ................................................................................ 7-21
Warning Messages and Their Meanings ............................................................................ 7-22

130undary Contitiow .................................................................................................................... 7-23
Input of Quadrature Sets .. ............................................................................................................ 7-24
Zone-Dependent Fission Fractions (the CHI kay) .................................................................... 7-25
Input of Inhomogeneous Sowces ................................................................................................. 7-26

Distributed Source hput .................................................................................................... 7-26
Surface (Boundary) Source hput ...................................................................................... 7-28

Normalization of the Calculation (the NORM Pamuneter) .......................................................... 7-30
Transport Corrections for the Cross Sections ( TRCOR )............................................................ 7-31
Buckling Comections .................................................................................................................... 7-33
Eigenvalue Semches ..................................................................................................................... 7-33
Adjoint Computations ............................................................................. ..................................... 7-37

REFERENCES ........................................................................................................... 7-39

GEOMETRY,SOLVERINPUTDETAILS Version 3.0 7-3



TABLE OF CONTENTS

7-4 GEOMETRY, SOLVER INPUT DETAILS Version 3.0



LIST OF FIGURES

LIST OF FIGURES

Figure 7.1: Simplified flow diagram of SOLVER iteration strategy. ...................... 7-18
Figure 7.2: Ordering in slab geometry. .................................................................... 7-28
Figure 7.3: Quadrature points in cylindrical geometry . ........................................... 7-30
Figure 7.4: Variation of ~ during a hypothetical eigenvalue search. ...................... 7-37

GEOMETRY, SOLVER INPUT DETAILS Version 3.0 7-5



MST OF FIGURES

7-6 GEOMETRY, SOLVER INPUT DEIWLS Version 3.0



LISTOFTABLES

LIST OF TABLES

Table 7.1: Source Ordering Index in Slab Geometry . ............................................. 7-29

Table 7.2: Source Ordering Index in Cylindrical Geometry ................................... 7-30

GEOMIXRY, SOLVER INPUT DETAILS Version 3.0 7-7



LIST OF TABLES
—

7-8 GEOMETRY, SOLVER INPUT DETAILS version 3.0



INTRODUCTION

● 4INTRODUCTION

This chapter is intended to provide a more detailed description of a portion of the input
than is provided in the User’s Guide chapters. In particular, the input to Blocks-I, II, and
V will be discussed here. Detailed discussion of the input for Blocks-IU, IV, and VI are
found in other separate support chapters.

In order to condense the discussion and make it simpler to understand, much of the
description is couched in terms of one-dimensional geometry. The extension to two and
three dimensions is quite straightforward and is briefly mentioned.
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MORE DETAILS ON BLOCK-I INPUT

F
The input parameters provided in Block-I are used by the code to determine storage
requirements for the problem being run (the code uses variable dimensioning), to pro-
vide error checking on subsequent input, and/or to control the execution-flow of the
code.

In this section are provided details on certain of the parameters that appear in the
Block-I input for ONEDANT. In some cases, the “details” are simply references to
other chapters of this manual.

Angular Quadrature (ISN)

The numerical value (an even integer) entered for the parameter ISN is simply the value
of N in Sn, that is, the angular quadrature order destied for the current calculation. The
discrete-ordinates, or Sn, approximation is described in “Discrete-Ordinates Equations

in One Dimension” on page 12-27. See “Input of Quadrature Sets” on page 7-24 for
details on angular quadrature sets supplied in the code

Geometry (NZONE, IM, IT)

The parameter NZONE is the number of different zones that are to be defined for the
calculation. See “MORE DETAILS ON GEOMETRY INPUT” on page 7-13 for the
concept and meaning of the term zone.

The number of coarse spatial mesh intervals in the x direction of the problem being
solved is denoted by the parameter IM. See “MORE DETAILS ON GEOMETRY
INPUT” on page 7-13 for the concept and meaning of the term coarse mesh interval.
Correspondingly, the number of coarse spatial mesh intervals in the y and z directions
are denoted respectively by the parameters JM and KM.

The total number of fine spatial mesh intervals (or mesh points) for the problem being
solved is given by the parameters IT for the x direction, JT for the y direction, and KT
for the z direction. The fine mesh interval or point is described in “Discretization of the
Spatial Variable” on page 12-32. See page 7-13 for the concept and meaning of the
term fine mesh interval.

MAXSCM, MAXLCM

Originally designed for the CDC-7600 computer, the code is structured for a three-level
hierarchy of data storage: a small, fast core central memory (SCM), a fast-access,
peripheral large core memory (LCM), and random-access peripheral storage. (For com-
puting systems based on a two-level hierarchy of data storage -- a large fast core and
random-access peripheral storage -- a portion of fast core is designated as a simulated
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LCM to mimic the three-level hierarchy). Random-access storage will be automatically
used by the code if LCM (or simulated LCM) storage requirements are exceeded.

The MAXSCM parameter allows the user to specify the size of SCM that is desired.
The code requires a certain amount of SCM for execution. The default value of MAX-
SCM is 40,00010 words, a sufficiently large value to handle the majority of one dimen-
sional problems. For the higher dimension solvers this amount may not be enough and
the code will inform the user of the amount needed. It should be noted that MAXSCM
is the number of words of SCM storage to be allocated, and if greatly overestimated
will result in a waste of memory.

Through the use of the input parameter, MAXLCM, in Block-I of the card-image inpu~
the user can specify the maximum amount of large core memory (LCM) he wishes to
use. If unspecified, the value of MAXLCM is defaulted to 140,00010 words.

The modular structure of DANTSYS is such that in the processing of each input Block,
as well as in the execution of the Solver and Edit Modules, each uses LCM storage inde-
pendently and each such stage requires a different amount of LCM. (In most cases, the
cross-section processing stage and the solver module require the greatest amount of
LCM.) At each stage, the amount of LCM required for that stage is computed and com-
pared to MAXLCM. If the amount of LCM exceeds MAXLCM, the code will automati-
cally attempt to page LCM information to random disk, such that the stage requires no
more than MAXLCM words of LCM at any one time. After Block-I is read, the sum of
MAXSCM and MAXLCM is used to obtain an area horn the HEAP to be used as the
storage for the problem. Again, the code will inform the user of the amount being used
and whether information is being paged to disk.

The user must be cautioned against specifying too small a value of MAXLCM since the
result may be an excessive use of random disk, the access to which is relatively time-
consuming. Also, if the user is computing on, say, a virtual memory machine with no
random disk, the value of MAXLCM must be large enough so that the problem can be
run without random disk.

Execution/File Suppression Flags

Included in the Block-I input parameters are several flags which control the execution-
flow of the code or the creation of interface files of by the code. These flags are rela-
tively specialized and are normally of interest only to the more advanced user. Accord-
ingly, details on the use of these parameters will not be described here but are provided
in another chapter. See “Module Execution Control” on page 13-19.
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● 4MORE DETAILS ON GEOMETRY INPUT

Geometry-related information is passed to the appropriate SOL~R module and the
EDIT module solely by means of the GEODST standard interface file.l If no GEODST
file exists prior to the execution of the code package, the user may instruct the Input
Module to create the desired GEODST file by (i) providing Block-II input data in the
card-image input file, and (ii) setting (or defaulting) the Block-I input parameter,
NOGEOD, to zero. If, on the other hand, a pre-existing GEODST file is to be used, the
user needs to suppress creation of a new GEODST which would overwrite the existing
GEODST file. The user may so instruct the code by either (i) omitting all Block-11 input
from the card-image input file or (ii) setting the Block-I input parameter NOGEOD to
unity.

In the specification of geometry and space-variable related input, the user must be famil-
iar with the nomenclature common to these codes. The terms fine mesh, coarse mesh,
and zones are defined below. The term region is not used directly in any DANTSYS
input and the user preparing geometry input in Block-II need not be concerned with that
term. However, region is a concept used in the GEODST standard file and should the
GEODST file be produced from some other code, it is possible that part of the geometry
description will be in terms of regions. In any case, DANTSYS will accept any
GEODST file that obeys the standard file description.

The fine mesh is the spatial solution-mesh for the problem, as described in the chapter
“ONEDANT, TWODANT, TWOHEX, TWODANT/GQ, and THREEDANT — Meth-
ods Manual” starting on page 12-1. Each fine mesh, or fine mesh interval, is bounded by
an adjacent pair of fine-mesh grid-lines. In the x direction, these are denoted xi-1/2 and

‘i+lJQ with ‘i-~/Q < ‘i+lfQ. There are IT, JT, and KT such fine mesh intervals in respec-

tively the x, y, and z directions. No material discontinuities may occur within a fine
mesh interval. The specification of the fine mesh is accomplished by specifying how
many equally sized fine mesh intervals there are in each coarse mesh.

The coarse mesh is a spatial superset of the tie mesh and is formed by partitioning the
spatial domain of the problem into a suitable number of “coarse” intervals. There are
IM, JM, and KM coarse mesh intervals spanning the problem in each of the directions.
Each coarse mesh interval is bounded by an adjacent pair of coarse-mesh boundaries
that are specified in the input either as the XMESH array in Block-II or as the XMESH
array on a GEODST standard interface file. Similarly the arrays YMESH and ZMESH
are used for the other directions as appropriate. Each coarse mesh interval contains one
or more fine mesh intervals. The number of fine mesh intervals per coarse mesh interval
is specified by means of either the XLNTS array in input Block-II or the IFINTS array on
a GEODST file. The input arrays YINTS and ZINTS are used for the other directions.
All fine mesh intervals within a coarse mesh interval have equal widths. No material
discontinuities may occur within a coarse mesh interval.

The region is a spatial superset of coarse mesh intervals or, conversely, a spatial subset
of zone. A region contains one or more coarse mesh intervals and one or more regions
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comprise a zone. No material discontinuities occur within a region. The concept of the
region is used only in conjunction with input from a GEODST standard interface file.
For geometry input through Block-II card images, the user need not be concerned with
the term. However, when the code uses the Block-II information to write a standard
GEODST file, the term region is treated synonymously with the term coarse mesh inter-
val.

The zone is a spatial superset of coarse mesh intervals and is characterized by a single
set of multigroup nuclear properties, i.e., cross sections, so that all fine mesh intervals
within a zone have the same cross sections. A zone number is assigned to each coarse
mesh interval by either (i) the ZONES array in input Block-II, or (ii) the NZNR and MR
arrays on a GEODST standard file. In the ZONES array input the zone number, n (1 < n
< NZONE), is determined by the order in which zones are specified in the ASSIGN
array input in Block-IV (See “ASSIGNING MA~RIALS TO ZONES’ on page 11-11),
so that the zone number tells the code which macroscopic cross-section set is to be used
within that zone. Coarse mesh intervals having the same zone number need not be sim-
ply connected.

In the ZONES array, the number O (zero) can be used to specify that a coarse mesh inter-
val is a pure void (all cross sections are identically zero). A “O” does not count as a zone
in determining the value of NZONE.

The zones array has no meaning in the special case of fine mesh mixing. In that option,
the material content of each fine mesh is supplied by the LNK3DNT file.
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‘1 MORE DETAILS ON SOLVER INPUT

Iteration Strategy

As described in “Iteration Procedure and Diffusion Synthetic Acceleration” on page 12-
14 of this document, the ONEDANT, TWODANT, TWODANT/GQ, and THREED-
ANT solver modules employ the diffusion synthetic method to accelerate the iterative
procedure used in solving the transport equation. In this section is described the imple-
mentation of the iterative strategy and acceleration method in the solver modules and
reflected in the iteration monitor printout supplied as printed output. Also described are
the input convergence controls by which the user controls the iteration process.

The basic features of the iteration strategy are shown in the simplified flow diagram of
Figure 7.1, “Simplified flow diagram of SOL~R iteration strategy.,” on page 7-18. As
indicated, there are two different iterative procedures, one for problems containing fis-
sionable material and/or energy-group upscattering and one for problems with neither
fissions nor upscattering.

The iterative strategy is divided into two parts: inner iterations and outer iterations. The
inner iterations are concerned with the convergence of the within group scattering
source and the calculation of the pointwise angular fluxes in each group. The outer itera-
tions are concerned with the convergence of the eigenvalue, the fission source distribu-
tion, and the energy-group upscatter source if any or all are present.

For problems containing fissionable material, the iterative procedure begins with a mul-
tigroup diffusion calculation where the diffusion coefficient for each space-energy point
is evaluated as:

I

1

3X ,,an, (x, g)

{

1
D (x, g) =

3zt (x, g)

If xtran~(x, g) is available.

If not,

Isotropic scatter (1)

1
1

Anisotropic scatter
3 [xl (x, g) –X,1 (x, g + g) 1

where D (x, g) is the diffusion coefficient at position x for energy group g, Zt (x, g) is

the macroscopic total cross section at the space energy point in question, ~lra~~ (x, g) is

the macroscopic transport cross section (transport is normally provided on the ISOTXS
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or GRUPXS files), and Z~l (x, g j g) is the PI anisotropic self-scatter cross section. It

should be noted that Zt (x, g) is formed from the isotope cross sections contained in the

total cross-section position in the cross-section library. The data provided in this position
may, in fact, be the transport cross section in transport-corrected cross-section libraries
for isotropic scatter.

Assuming that the problem contains fissions and the default setting of the input variable,
UTL, is taken (IITL=l), then the iteration procedure for solving the transport equation
begins with solving the conventional, multigroup diffusion equation:

g-1

_v. Dgv$:+l +aR, g(r)$:+l (r) = #@~(r) + ~ CY.,g,+g@:!+ 1 (r) + (2)
eff g’=1

G

x CT.,g, ~go:,(?-)
g’=g+l

g 1, ““”$G=

where g is the energy group number,

k is the diffusion sub-outer iteration index,

‘R, g = ‘t, g–os, g+g is the removal cross section,

On the right hand side of Eq. (2), the first term is the fission source, the second is the
down-scatter source, and the third is the upscatter source. The iteration process starts
(l&l) by setting the flux to zero for each group but assuming a spatially flat fission dis-
tribution. Equation (2) is then solved by inverting the diffusion operator for each group
on the given source, updating the down-scatter source as indicated. The inversion is by
line inversion in lD and by a multigrid procedure in 2- and 3D. Once all the groups are
solved, the fission distribution is recalculated using this flux, and the upscatter source is
computed if present. This iteration is called a diffusion sub-outer and continues until the
convergence criterion is satisfied. This criterion is explained below in Eqs. (6) and (7).

The solution of the transport problem now continues with the inner iteration of each
group of the transport equation. This iteration is written as:

~ . Vvl+ 1/2
1+1’2(r, Q) = Os,g+g(j:(r) +(r, Q) +~,, g (r)vgg

g–1

‘+1’2(@+Qg(~)+ x as, g’ + g+g’
g’=1

g = 1, .... G

(3)
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where 1is the inner iteration index,

v~(r, @ is the angular flux for group g,

transport scalar flux,

as, g,~ g+~ (~) source from diffusion,

1

CD refers to the corrected diffusion calculation.

Equation (3) describes the transport inner with the source fixed from a previous “cor-
rected multigroup diffusion” calculation. The corrected diffusion equation has the same
form as the conventional diffusion @q. (2) above) except that the diffusion parameters
have been changed according to the DSA procedure (see page 12-14 of this document).

The scalar flux for the next transport iterate, $; 1,comes from the solution of the DSA

equation for this group, i.e.:

(4)

This is written for the diffusion correction method; see page page 12-14 for the defini-
tion. In the default transport iteration mode, only one iteration of Eqs. (3) and (4) is done
per group until the fission and upscatter sources have converged (this convergence is
described in the section: transport source iteration convergence, below). Once each
group has processed one inner iteration, the parameters for the corrected, multigroup dif-

fusion equation have been generated as well as the transport scalar fluxes, $:1 (r) . These

are then used to start another multigroup diffusion iterative solution analogous to Eq. (2)
except with the transport corrected diffusion equation (again see Eq. (11) on page 12-
16). This process defines the transport outer iteration which continues until the fission
and upscatter sources have converged. Once this convergence has been obtained, then
IITL is set to IITM and the inner iteration process for each group is continued until the
scalar flux has converged (see inner iteration convergence, below), or until IITM is
attained, whichever comes first. This usually completes the iteration process of the trans-
port solution, although, it is possible that converging the inners has caused a change in
the fission source that exceeds the convergence criterion. If this is so then another trans-
port outer is performed.

For problems that contain neither fission nor upscatter, the transport outers are not done,
IITL is defaulted to IITM, and only the inner iteration DSA convergence procedure is
done.
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Figure 7.1 Simplified flow diagram of SOLVER iteration strategy.
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Convergence Criteria

The convergence of the iterations is monitored at both the inner and the outer iteration
level. The ~put parameters that control the number of iterations are EPSI, EPSO, HTL,
IITM, and OITM found in Block-V of the solver module input.

Inner Iteration Conver~ence.

The inner iterations for a given energy group are said to be converged when
wise scalar fluxes from one inner iteration to the next satisfy the condition:

the point-

(5)

where Q: ~ is the scalar flux for mesh point i, group g, and inner iteration 1, and where,
EPSI is the user-input inner iteration convergence criterion.

Diffusion Sub-Outer Iteration Conver~ence.

The convergence of the diffusion sub-outer iterations requires the satisfaction of two cri-
teria. We use the index k to denote the diffusion sub-outer iteration number, p to denote
the transport outer, g to denote the group number, and i the spatial point. Convergence of
the diffusion sub-outers is then satisfied when both

[

k+lm. –CD;
max 1 ) < 3. O*EPS

i m;

and

l–&l < EPS .

where

Ok is the fission distribution at sub-outer k,

EPS = max (EPSI, O.01*(0.l**p) ) ,

(6)

(7)
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Ha
k+l

k+l ,1
XD =

@k, 1 “

The notation (F,G) denotes the inner product, or volume integral, of the product F*G. In

the above, 1~ 1, measures the precision of the k eigenvalue. Note that the definition of

EPS involves a strategy where the diffusion solution convergence depends upon the
transport outer iteration, eventually attaining the preeision EPSI.

ort Source Iteration Con verizence.

The convergence of the transport source triggers the increase of the number of transport
inners from IITL=l to IITL=HTM if the default strategy is taken. We measure the preci-
sion of the transport fission source by comparing the change from the end of the diffu-
sion sub-outers to that resulting from the next transport inners. That is the fission source
is deemed sufficiently converged if

and

1 – LP* < 1.5*EPSI ,

(8)

(9)

where p* denotes the fission distribution evaluated from the transport scalar flux result-
ing from the transport inners after the completion of transport outer p (which is the com-
pletion of the solution of the DSA multigroup diffusion equation). Thus,

(lo)

Each of the iterative loops (inner iterations, diffusion sub-outer iterations, and outer iter-
ations) is terminated when either the convergence criteria for that loop are met or when a
specified maximum number of iterations have been attained.

For inner iterations the number of iterations is limited by the user input parameter IITL.
If the user elects to omit this quantity, the code chooses an appropriate default value.

In problems where outer iterations are not required, that is, fixed-source problems with
no upscatter and no fission, the value of IITL is usually chosen to be large, say 20-50, in
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order that the pointwise fluxes be allowed to meet the convergence criterion before the
number of inner iterations reaches IITL.

For eigenvalue problems (IEVT > O), the default procedure is to allow only one inner
iteration per group until the fissions, upscatter sources, and diffusion scalar fluxes have
neared full convergence. When this is achieved, the allowable number of inner iterations
is increased to IITM (a user input quantity) which typically is in the range of 20-50 in
order to permit full convergence of the transport fluxes. The assumption here is that it is
most efficient to fist converge the fissiordupscatter sources and then to converge the
pointwise fluxes. Final convergence is obtained when the change in the fission distribu-
tion and the eigenvalue is less than EPSI, i.e., when

l-hp+l < EPSI ,

and

[

~p+l_@p

max 1 i ) < EPSZ
i d i

(11)

These outer iterations are thus terminated when either the above full convergence crite-
ria are met or when the number of outer iterations reaches OITM, a user-input quantity.
If not supplied by the user, the code will default the value of OITM to 20.

Grey Acceleration of Upscatter

In ONEDANT and TWODANT there also exists a grey accelerator for upscatter prob-
lems. This accelerator is of some help when the number of upscatter groups exceeds 6 or
so, the materials exist in large regions and are “good” scatterers such as deuterium,
graphite, water, etc. The main idea is to collapse the upscatter groups into one group
(hence the name grey) and solve the one-group DSA equation for that group. From this
is generated a correction to the flux in the upscatter region which can at times greatly
accelerate the convergence of the upscatter iteration. This option is invoked by setting
the Block-V input parameter, GREYACC, to “yes” or to “1 .“

Iteration Monitor Print

In the printed output horn the solver module, an iteration monitor print is supplied for
the user. The user should always inspect this monitor print to determine whether or not
the problem has successfully converged.

General Amects of the Monitor Print.

At the end of each outer iteration the monitor provides the elapsed computer time in sec-
onds, the outer iteration number, and the number of diffusion sub-outer iterations
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required. A number of sub-outer iterations of 100 implies that the diffusion sub-outer
iteration did not converge to the criteria of Eqs. (6) and (7) before reaching the maxi-
mum allowable number of sub-outer iterations. Also provided is a message as to
whether or not the inner iterations satisfied their convergence criterion, Eq. (5). Finally

are included the values of Lp – 1 and the maximum pointwise flux error corresponding
to the values used in the test for full convergence given by Eq. (11).

In addition to the basic outer iteration information described above, the monitor print
provides an inner iteration monitor for certain outer iterations. This inner iteration mon-
itor is normally provided for a fixed-source problem without fission or upscatter (IEVT=
O) since only one outer iteration is required. The inner iteration monitor print is triggered
by IITL being equal to IITM; this condition is assured by the defaults for these quanti-
ties when IEVT=O. The user may thus suppress this portion of the print by setting IITL
to some number different from IITM. For other problems (IEVT# O) the inner iteration
monitor is only provided for outer iterations following the satisfaction of the “nearly
converged” conditions of Eqs. (8) and (9) at which time IITL is set equal to IITM by the
code. In the inner iteration monitor are included the group number; the number of inner

iterations taken, the maximum pointwise scalar flux error (see Eq. *), and the spatial
mesh point where this maximum error occurred.

In the inner iteration monitor several warning
calculation encountered some difficulty.

messages are provided for the user if the

A message “ACCELERATION DISABLED” is printed when the transport correction to
the diffusion coefficient, diffusion source, or diffusion removal term is such that the syn-
thetic diffusion equation cannot be applied to accelerate that inner iteration. The pres-
ence of the message does not necessarily make the answers suspect if convergence is
achieved; it merely tells the user that the inner iteration could not be accelerated.

The message “TRANSPORT FLUXES BAD” is a more serious warning. It is provided
when nonpositive transport scalar fluxes exist following the last inner iteration. The
presence of nonpositive scalar fluxes causes the diffusion inner iteration acceleration to
be disabled. Although such a condition is not fatal, it does usually indicate that the spa-
tial mesh is too coarse and that the results are suspect.

The message “NEG. SOURCE” is printed when a negative angular source term is calcu-
lated for one or more mesh cells (ONEDANT only). This situation can only occur when
an anisotropic scattering source is being used, that is, when the parameter ISCT in
Block-V is greater than zero. A negative source for a given angular direction is usually
the result of the truncation of the Legendre expansion of the scattering source term in
mesh cells where scattering dominates the source term. Both the scattering cross sec-
tions and the angular flux must be quite anisotropic for this condition to occur.

If the message “NEG. SOURCE - ACCELERATION DISABLED’ appears, it means
that the presence of negative angular sources has occurred to such a level that the syn-

*
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thetic diffusion equation could not be used to accelerate that inner iteration. The pres-
ence of this message does not necessarily make the answers suspect if convergence is
achieved; it merely tells the user that the inner iteration could not be accelerated.

The message “NEG. SOURCE - TRANSPORT FLUXES BAD” is the most serious
ramification of the presence of negative angular sources. It means that nonpositive trans-
port scalar fluxes existed following the last inner iteration in conjunction with negative
angular sources. Nonpositive scalar fluxes are not necessarily fatal, but they usually
indicate that the truncated Legendre scattering expansion was quite poor and that any
results are suspect.

The possible remedy for any of the “NEG. SOURCE” occurrences is to increase the
Legendre scattering expansion order (increase the value of ISCT in Block-V) if the
cross-section library contains data for the higher order scattering. The other remedy is to
use the Cesaro transport correction described in “Transport Corrections for the Cross
Sections ( TRCOR )“ on page 7-31.

Boundary Conditions

Several boundary condition options are available to the user as follows:

● Vacuum boundary condition -- the angular flux on the boundary is identically zero for
all incoming directions

c Reflective boundary condition -- the incoming angular flux on the boundary is set
equal to the outgoing angular flux in the direction corresponding to specular reflection.

● Periodic boundary condition -- the incoming angular flux on one boundary is set equal
to the outgoing angular flux in the same direction on the opposite boundary.

● White boundary condition -- the incoming angular fluxes on the boundary are each set
equal to the single value chosen such that the net flow across the boundary is zero, that
is, in the one dimensional case, for example,

xwn~nw (pn) outgoing

incoming ‘m) =v“ Ewnpn
9

where the sums range over all outgoing directions. This condition is used primarily for
cell calculations in cylindrical and spherical geometries where it is applied to the right
(outer radial) boundary.

The above boundary conditions are controlled by the Block-V input parameters, IBL
(left boundary), and IBR (right boundary). For planar geometries (IGEOM=l), both
IBL and IBR must be specified. For curvilinear geometries (IGEOM=2 or 3), only IBR
need be specified since the left boundary is assumed by the code to be at the radial origin
(r=O), for which the curvilinear geometry, r=O boundary condition is the only physical
condition possible.

Note: Use of a reflective boundary condition (IBL or IBR=l) requires the Sn quadrature

set to be symmetric about ~ = O.
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Additional input parameters IBT and IBB are used for the top and bottom boundaries of
two-dimensional problems and IBFRNT and IBBACK are used for the front and back of
three-dimensional problems.

In the ONEDANT module, two additional boundary conditions, not controlled uniquely
by IBLM3R, are the albedo and surface source conditions defined as follows:

● Albedo condition -- the incoming angular flux on the boundary is set equal to a user-
supplied albedo times the value it would have without the albedo. It may be used in
conjunction with either the reflective or white boundary condition described above.
The use of albedoes is controlled solely by the presence of the LBEDO and/or
RBEDO array specifications in the Block-V card-image input.

c Surface source boundary conditions -- the incoming angular fluxes on the boundary
are set equal to user-supplied values in Block-V. See “Input of Inhomogeneous
Sources” on page 7-26.

Input of @adrature Sets

The DANTSYS code package has the option of obtaining the discrete-ordinates angular
quadrature coefficients from a SNCONS standard interface filel, from one of three built-
in sets in subroutine SNCON, or from card-image input. The input parameter IQUAD
in Block-V of the card-image input specifies the source of these coefficients. The num-
ber of quadrature coefficients, MM, is determined from the input S. order parameter ISN

and the geometry specification input parameter IGEOM, both found in input Block-I.
Values of MM are shown in Table 12.4, “Number of Quadrature Points, M as a Function
of Sn Order, N“ on page 12-27.

The built-in constants provided in the ONEDANT module are

(i) the Gaussian P~ constants (IQUAD=l) for S2, S4, S6, S8, S12, S16, S20, S24, S32, and

S48;

(ii) the double Gaussian DP~ constants (IQUAD=2) for S4, Sg, S12, Sl& S24, S32, Sa,
S48, S64, and S9G;and

(iii) generalized quadrature, GQ~, constants (IQUAD=4) for S2, S4, S6, $3, S12, and Slfj.

For most problems the P~ set is satisfactory. For thin-slab problems in which the angu-

lar representation for the leakage flux is important, the DP~ set is recommended. For

cylindrical or two-angle plane calculations with anisotropic scattering, the GQN set is

recommended. The G@ set for cylinders and two-angle planes is a generalized even-

moment fully symmetric quadrature set.

For problems with anisotropic scattering, it is important that the Sn order be chosen suf-
ficiently large such that the spherical harmonic polynomials described in “Spherical
Harmonics Expansion of the Scattering Source” on page 12-22 are correctly integrated.
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Otherwise, the numerical quadrature error may introduce nonphysical contributions to
the neutron balance, preventing convergence of the problem to the desired precision.

For user card-image input of Sn quadrature sets through the WGT and MU arrays in

Block-V, it is necessary that the sets be correctly ordered as illustrated in Figure 12.4,

Figure 12.5, and Figure 12.6. In addition, if the sums 1 – ~w~, ~Vn, and ~w#~
m m m

exceed 10-5, an error message is printed. It should be noted that if the user provides the
card-image input arrays WGT and MU, the code will use these arrays for the quadrature
constants regardless of the value of IQUAD entered in the inpu~ that is, the WGT and
MU input arrays will override any other source of quadrature constants.

For the two and three dimensional modules, the default quadrature set is the so called
TWOTIL4N set which goes up to S~Gin even orders. This is a triangular set which is

based on Gaussian levels measured from they axis in xy geometry or the z axis in rz and
the three dimensional cases. An attempt is made to make this set as symmetric as possi-
ble to rotations about the coordinate axes. There is also available a Gauss-Chebychev set
triggered by the Block-V input variable IQUAD =121.This set exists up to S50 in even
values of Sn order and up to S1OOin steps of 10 from S50. The main attribute of this set is

that it exactly integrates the spherical harmonics up to order Sri-l. For more information,
see Ref. 3.

Zone-Dependent Fission Fractions (the CI-11 Array)

For problems containing fissile or fissionable nuclides it is necessary to provide the code
with the groupwise fission ii-actions, ~g, g=l,2 . . . , NGROUP. From certain of the

cross-section libraries (ISOTXS, GRUPXS, MENDF, etc.) a single z vector characteriz-
ing the dominant fissionable isotope (U235, U238, Pu239, etc.) can be extracted auto-
matically from the library and used for the problem. Alternatively, a single ~ vector can
be provided by the user in Block-III through the card-image CHIVEC input array.
Again, this is a single z vector characterizing the dominant fissionable isotope in the
problem.

In Block-V of the input is provided the card-image CHI input array that can optionally
be used to provide multiple ~ vectors so that each zone in the problem can use the fission
fraction characteristic of the dominant fissionable isotope in that zone. The availability
of such zone-dependent ~’s is particularly useful for problems in which one zone may
have a different dominant fissile isotope than another zone. The CHI array is input as N
distinct ~ vectors (1 s N < NZONE) with each vector containing NGROUP ~ values.
The first ~ vector is applied to the first zone, where the first zone is that defined by the
first entry in the ASSIGN array of Block-w, the second ~ vector is applied to zone num-
ber 2 (defined by the second entry in the ASSIGN array), etc. If the total number of z
vectors in the CI-11array is less than NZONE (the total number of zones), then the last ~
vector in the CHI array is used for all remaining but unspecified zones.

Note that if the CHI array is used in Block-V, its entries will override the ~’s provided
either from the cross-section library or from the CHIVEC array in Block-III.
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Input of Inhomogeneous Sources

Any of the solver modules of DANTSYS will solve the inhomogeneous transport equa-
tion in the multigroup, discrete-ordinates approximation form, using the method out-
lined in “Iteration Strategy” on page 7-15. The user specifies this type of calculation by
setting the input control word IEVT to O or -1 for ONEDANT and O for all the other
solvers. In ONEDANT, IEVT=O is used when there is neither fissionable material nor
upscattering in the problem and IEVT= -1 is used when either fissionable material is
present (but not in sufficient amount to make the system nuclearly critical or supcrcriti-
cal) or upscattering is present.

The user must supply the specifications for the inhomogenecms sources either in the

input or from a FIXSRC3 standard interface file. The inhomogeneous sources may be
spatially distributed on the interior of the problem (distributed source) and/or may be
external boundary (surface) sources. If the sources are to be input via FIXSRC standard
interface file, the user sets the input control word INSORS to 1. If INSORS is not input
with value of unity, the user must supply the source specifications in the input of
Block-V as described below.

As described in “Spherical Harmonics Expansion of the Inhomogeneous Source” on
page 12-26, the inhomogeneous distributed source must be represented by the spherical
harmonic expansion in multigroup form (from II@.(20) on page 12-26):

NMQ

Qg(r, Q) = ~ (z~+ l) Rn(~) f&(@ , g = 1, . . .. NGROUP (12)
nal

Through the SOURCF or the SOURCE and/or SOURCX input arrays in Block-V of the

input, the user inputs the Q~, ~ (r) of Eq. (12). If input is via the SOURCF array, the

input values are used directly as Q~,~ (r) . If input is via either SOURCE or SOURCX

(or both) arrays, the input must be supplied such that SOURCE (g,n)” SOURCX

(r, n) = Qn, ~ (r) . There are corresponding source distribution vectors in the y and z

directions named SOURCEY and SOURCEZ, respectively. The number of moments,
NMQ, in Eq. (12) is determined solely from the number of moments supplied in the
input arrays. The proper number of moments for a given Legendre order of anisotropy
of the distributed source is shown in Table 12.2, “Number of Spherical Harmonics, N,
as a Function of Order” for each geometry. For example, if one wishes to enter a P3

inhomogeneous source in cylindrical geometry, Table 12.2 shows that six spherical har-
monics are required for P3 in cylindrical geometry. Table 12.3 shows that source

moments for the spherical harmonics PO(Q, P; (<) Cos$, P2(Q,

&2 &l ad 10 3
-& (b COS2$, #3 (g) Coso, #3 (G) COS3$ are needed. These
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moments are defined by Eq. (19a) on page 12-26 using multigroup notation and recall-
ing that for cylindrical geometry v is replaced by & The six moments to be supplied
in the input are thus:

–1 o

1 21t

-1 0

(13 a)

(13 b)

(13 c)

and

(13 e)

(13 f)

for n=l, . . . NGROUP.

It should be recognized that the source moments above are not input as continuous vari-
ables in space, r, but are input by he spatial mesh interval i, i=l, . . . . IT.

It is worth noting that most inhomogeneous distributed sources are assumed to be isotro-
pic, so that NMQ in Eq. (12) is unity and the only source moment entered is the zeroth
moment.

(14)

–1 o

which, in fact, is simply the scalar source distribution.

The units on the input source moments Q., ~ (r) are (particles per unit time and unit vol-

ume).
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ce (BOUndarv) Source InnUt

With a surface (boundary) source presen~ the incoming angular flux on the surface is set
equal to a user-supplied source, Qm:

v (Vm) incO~ing = Q,n “

The units on the surface source are the same as those for angular flux.

The user-supplied source is group-dependent and may either be angularly isotropic or
angle-dependent. The user-supplied sources may be input either by Block-V card-image
input or via a FIXSRC1 standard interface file.

For card-image input the left boundary surface sources are input via the SILEI?T array
(angularly isotropic) or the SALEFT array (for angle-dependent sources). Similarly,
right boundary surface sources are input via the SIRITE or SARITE arrays. Note that
surface sources may only be input at external boundaries of the physical problem and
not at internal interfaces. For the angle-dependent surface sources, only the incoming
directions are required, and they must be ordered as described below. There are corre-
sponding arrays for the top and bottom boundaries of two-dimensional problems and for
the front and back of three-dimensional problems.

For input of surface sources via a FIXSRC standard interface file, the user-input param-
eter INSORS in Block-V must be set to unity and the appropriate FIXSRC file must be
available at the time of code execution.

Angle-dependent surface sources can be input through the SARITE and SALEIT input
arrays. Currently, SALEIT can only be used in plane (X, XY, XYZ) geometry. The sur-
face sources are actually angular fluxes, ~m,g, at the right or left surfaces [m denotes the

order index (with m correlated to specific quadrature directions), g denotes energy
group]. There are corresponding arrays for the two and three dimensional geometries
(SABOTT, SATOP, SAFRNT, SABACK). In ONEDANT, the order of SARITE and
SALEI?T entries is as follows:

Vl,l sV2,1V3,1S . . .. V1.2JV2,2, V3,2, . . . ;...

● Slab Geometry (IGEOM= 1 or SLAB or PLANE):

The ordering of the angles is as shown below (SGused for illustration).

-1.0 0.0 1.0

● . . . . ●

P1 V2 P3 V4 ~5 ~6

Figure 7.2 Ordering in slab geometry.
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Using the &j quadrature illustrated above, the correspondence between the SARITE and
SALEFT ordering index, m, and the angular directions (shown above) is as follows:

Table 7.1 Source Ordering Index in Slab Geometry.

SARITE SALEFT
m v w

1 VI fJ4

2 W2 V5

3 V3 V6

NOTE: The SALEFI’ ordering differs from the SARITE ordering in terms of the Ip,l
associated with the ordered angular fluxes. For example, the first entry in WRITE (for
each group) corresponds to yl while the first entry in SALEFT (for each group) corre-

sponds to W4and IU1I # y.4.
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● Cylindrical Geometry (IGEOM= 2 or CYLINDER or CYL):

Using Sfj for illustrative purposes, the principal octant (p >0, q > O) of the unit sphere

of angular directions is as shown below.

t

n

~1 ------------y
1,
I

n2

1-13h
.....-...+.-.......9
.-----------+-----------+----------Q

~~
WI Y2 P’3

Figure 7.3 Quadrature points in cylindrical geometry.

The order, m, in which the SARITE angular fluxes are entered for each energy group is
correlated to the (p,q) angular directions (shown above) in the table below:

Table 7.2 Source Ordering Index in Cylindrical Geometry

1 -VI ‘nl

2 -P’2 n2

3 -WI 712

4 -P3 7’13

5 +2 n3

6 -P1 713

There are corresponding angular flux arrays for the top and bottom boundaries of two-
dimensional problems and for the front and back of three-dimensional problems.

Normalization of the Calculation (the NORM Parameter)

In Block-V of the input is the parameter NORM. Through the use of NORM the user
may specify whether or not the calculation should be normalized to a particular particle
production rate as described below.
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If NORM= Oor omitted from Block-V no normalization is done.

If NORM= XX, where XX is positive, and inhomogeneous (fixed) sources exist
(IEVT 2 O), then the calculation will be conducted and normalized such that the total
rate at which particles are introduced into the system from inhomogeneous sources is
XX. Thus, all fluxes that are in the calculation are normalized to the values they would
have if the total rate at which particles are introduced in the system from inhomoge-
neous sources (distributed and/or surface sources) is XX particles/unit time (or particles
if fluxes are to be interpreted as fluences).

If NORM= XX where XX has a positive value, and an eigenvalue calculation is being
conducted (IEVT > O), then the calculation is performed and normalized such that the
total rate at which neutrons are produced by fission reactions is 2GL Thus, all fluxes that
are computed in the calculation are normalized to the values they would have if the total
rate at which neutrons are produced by fissions in the system is ~ neutrons/unit time
(or neutrons if fluxes are to be interpreted as fluences).

Note that NORM applies normalization only to particle production rates. Normalization
of edit results to a desired fission power level can be done through the use of the
POWER and MEVPER parameters in Block-VI as described in “Power Normalization”
on page 2-64, page 3-71, page 4-74, page 5-56, or page 6-68. These latter two parame-
ters effect normalization in only the Edit Module.

Thnsport Corrections for the Cross Sections ( TRCOR )

In Block-V of the input is the parameter TRCOR which permits the user to have the
solver module perform its calculation using transport-corrected cross sections. Below is
provided a little background on the use of the transport correction in DANTSYS.

As described in the chapter “ONEDANT, TWODANT, TWOHEX, TWODANT/GQ,
and THREEDANT — Methods Manual”, a truncated spherical harmonics, or Legendre
polynomial, expansion of the scattering sources is made per Eq. (14) there. The scatter-
ing order ISCT (an input parameter in Block-V) determines where the expansion is to be
truncated. Any value of ISCT (O S ISCT S MAXORD) is allowed. Recall that MAX-
ORD is the highest Legendre order for which scattering matrix cross sections exist in the
cross-section library being used. The principal reason for choosing to truncate the
expansion to an order less than MAXORD is because of computer storage. Each term in
the spherical harmonics (Legendre) expansion requires computing and storing an angu-
lar flux moment for every energy group and spatial mesh cell, and the number of such
flux moments increases with scattering order (see Table 12.2, “Number of Spherical
Harmonics, N, as a Function of Order” on page 12-24).

If ISCT is less than MAXORD, it is usually advantageous to apply a transport correction
to the truncated Legendre scattering cross sections. Transport corrections are designed
to account approximately for terms in the expansion being omitted by the truncation.
There are three different types of transport corrections allowed in the code. They are
seleeted through the use of the parameter TRCOR in Block-V of the input.

● If TRCOR= NO or if TRCOR is omitted, no transport correction is applied.
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● If TRCOR= DIAG the diagonal transport correction is applied. With this correc-
tion the material macroscopic total cross section for each group and the material mac-
roscopic within-group scattering cross section for each group and each scattering order
is modified as shown below:

(3t, g =(J –CYt, g :cT+l(g+g)

and

6:(g +’ g) ‘scT+l(g+ g), 1 = O, I,..., ISCT.= +g+g )-as

where the notation d denotes “transport corrected” cross section. The diagonal trans-

port correction is normally recommended.

● If TRCOR=BHS, the Bell-Hansen-Sandmeier transport correction is applied.
With this correction the macroscopic total cross section for each material and group
and the macroscopic within-group scattering cross sections for each scattering order,
material, and group are modified as follows:

(3t, g x=CTtg– CT:=AT+1(g + g’)
#

and

6:(g + g) = a:(g+g) –~cfcA~+l(g+g’), 2 = 0,1..., ISCT .
i

● If TRCOR=CESARO, the nti-Ces*o-mean-of-order 2 transport correction is
applied where n=ISCT. With this correction the macroscopic group-to-group scatter-
ing cross section for each scattering order, zone, and group is modified as shown
below:

d!(g + g’) =
(lSCT+ 2-1) (ZSCT+l-l)ol(g+ g,) ~ = ~, . . ..lSCT

(LSCT+ 2) (ZSCT+ 1) s ‘
.

This Ceshro correction ensures that the truncated Legendre expansion for the scattering
cross section from group g to group g’ is (i) positive, (ii) preserves the 1= O (i.e., PO)

moment of the scattering cross section, and (iii) converges to the same value as

cl (g + g’) for large values of ISCT (see Ref. 2).
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Note that if ISCT= O,

tiplier of o: (g + g’)

used with ISCT 22.

the Cesiiro correction does nothing to the cross sections -- the mul-

is unity. Generally, the Cesho transport correction should only be

At the time of the writing of this manual, little experience has been had with the Cesi#ro
correction in terms of its accuracy. As a result the user is cautioned regarding its use.
However, using this transport correction will eliminate the possibility of negative
sources, as discussed in “Warning Messages and Their Meanings” on page 7-22.

Please note that the transport corrections described above are only applied to the macro-
scopic cross sections used in the solver module. None of the cross-section files are
altered by the use of the transport correction in the solver module.

Buckling Corrections

Leakage horn the transverse dimension(s) of a multidimensional system may be simu-
lated in a lower dimensional solver by using a user-specified buckling height (BHGT)
and/or buckling width (BWTH) in the Block-V card-image input. For plane and 2-angle
plane geometries (IGEOM=l) in ONEDANT, both BHGT and BWTH may be specified.
For cylindrical geometry only the buckling height, BHGT, may be specified. For
TWODANT, only BHGT may be used. The buckling dimensions are in units consistent
with the units on cross section, for example, in cm if macroscopic cross sections are in

cm- 1. If diffhsion theory is assumed adequate, then the flux shape in the transverse

directions, say z, is of the form cosnz/~ so that the flux shape function vanishes at the

extrapolated system half-heights ifi/2.
transverse leakage appears as a buckling
section given by

Applying this to the transport equation the
absorption with a buckling absorption cross

where c is the macroscopic zone total cross section, BHGT (or similarly BWTH) is the
buckling height (or buckling width), and 1.4209/cJ is twice the Milne planar extrapola-
tion distance.

The buckling absorption correction is applied to both the total cross section and absorp-
tion cross section for each group and zone in the physical problem. Consequently, the
absorption rate printed in the output solver module coarse-mesh balance table contains
this buckling absorption.

Eigenvalue Searches

It is possible to perform an eigenvalue search on material concentration (concentration
search), system dimensions (dimension search), or the time absorption (alpha search) to
achieve a desired value of keti The type of search is controlled by the input parameter

IEVT supplied in Block-V of the card-image input as follows:
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IEvr ‘lhe of Ei~envalue Search
2 Time absorption (alpha)
3 Concentration
4 Critical size (dimension)

a. Not included here are the options
IEVT=-1 for inhomogeneous
source problems with upscatter a.rd
or fission, IEVT=O for inhomoge-
neous source problems without
upscatter or fissions, and IEVT=l
for keff calculations.

For time-absorption calculations, the time-dependent angular flux is assumed to be sepa-
rable in time and space, viz.,

yf(r, Q, t) = yf(r, Q)eat

If this assumption is inserted into the time-dependent transport equation, the exponen-
tial cancel and a fictitious cross-section term of the form alvg appears as a correction to

the total and absorption cross sections. Here Vg is the neutron speed associated with

energy group g. The exponential factor a is then the eigenvalue sought in the time-
absorption eigenvalue search. Obviously, a = Ofor an exactly critical system, and & >0
for a supercritical system.

For concentration searches, the material concentrations are modified in accordance with
the description provided under the ASGMOD array in Block- IV of the card-image input
(See “Mixing Array for a Concentration Search” on page 2-44, page 3-46, or page 6-46).

For dimension searches, the coarse-mesh boundaries can be modified selectively to

obtain a criticals ystem. The modified coarse-mesh boundaries, k~ are calculated from

the initial input boundaries, &

~k+l = ii&+ (Z?k+l –Z?k) *(l+EV* RM~ ), k=l,2,...,lM , (15)

where EV is the eigenvalue sought in the search. The factors ~k are the coarse-mesh

radii modifiers which are input by the user via the RM array in the Block-V card-image
i.npu~ and control how the coarse-mesh boundaries are modified. Clearly, if ~k is

zero, the thickness of the kti zone is not altered. Hall ~k are unity, the system dimen-

sions are uniformly expanded (I3V e O) or contracted (I3V < O). Many sophisticated
changes can be made, limited only by the ingenuity of the user. For example, an inter-
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face between two zones may be moved while the remainder of the system is left
unchanged.

In all three types of searches the appropriate system parameter may be adjusted to
achieve the desired value of ke, This value is taken to be unity (criticality) unless the

input parametric value type (IPVT in Block-V of the card-image input) is set to unity. If
IPVT=l, the desired parametric value of keflis input by the user as PV (in Block-V).

For concen-tration searches (IEVT=3) and dimension searches (IEVT=4), it is also possi-
ble to adjust the appropriate system parameter to achieve a system whose neutral parti-

cle flux is changing exponentially in time at the rate eat by setting the input parametric
value type, IPVT, to 2. In this case the user enters the desired exponential factor ct as the
parametric value PV in the input. Note that an ccof 0.0 corresponds to a normal concen-
tration or dimension search on a ketiof unity.

It is important to recognize that the value of PV input by the user remains fixed through-
out the search process.

Regardless of the parameter being adjusted, the search is executed by performing a
sequence of kefi type calculations, each sequence for a different value of the parameter
being treated as the eigenvalue. The search is for a value of the parameter that makes the
value of L unity where L is defined as

k= (Fission source) k + Inhomogeneous source
(16)

(Fission source) k-1 + Inhomogeneous source

for the kti outer iteration. The search is controlled by the subroutine NEWPAR in the
solver module.

In the following description of NEWPAR, it is helpful to refer to Figure 7.4 in which the
deviation of L from unity for each outer iteration is plotted.

For the initial system, NEWPAR continues the outer iteration until two successive val-
ues of k differ by less than EPSO. For subsequent sequences of 1 values, a different
convergence precision, XLAX, is used. After the first converged 1 sequence is
obtained, the initial value of the eigenvalue (IN) is altered by EVM, an input value. If
k> 1 (multiplying system), the new eigenvalue is equal to EV+EVM; if L c 1 (decaying
system), the new value is equal to EV-EVM. Thus, the sign and value of EVM should
be chosen such that the use of EV+EVM will reduce the reactivity of the system. Con-
versely, the use of EV-EVM should increase the reactivity of the system.

Basically, after two converged values of k are obtained for two different system config-
urations, subroutine NEWPAR attempts to fit a curve through the most recent values to
extrapolate or interpolate to a value of unity. Depending on the amount of information
available and the size of 11- N, this fit proceeds in different ways. A parabolic fit cannot
be made until three converged values of k are available, and is not attempted unless 11-
N is greater than an input search lower limit (XLAL) and less than an input search upper
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limit (XLAH). If a parabolic fit is tried and the roots are imaginary, a straight-line fit is
used. If the roots are not imaginary, the closest root is used as the new value of EV.
Once a bracket is obtained (change of sign of L - 1), the fit procedure is not allowed to
move outside the region of the bracket. Should a parabolic fit select an eigenvalue out-
side the bracket region, this value is rejected and the new value is”taken to be one-half
the sum of the previous value and the value previous to that.

Whenever the parabolic fit is not used, a linear fit is used and the new eigenvalue is com-
puted from

(EV) ~CW= (EV)O1~+POD *EVS*(l-i) , (17)

where POD is an input “parameter oscillation damper” that may be used to restrict the
amount of change in the eigenvalue. In Eq. (17), EVS is a measure of the slope of the
curve. When 11- N > XLAH, (1 - 1) in Eq. (17) is replaced by XLAH (with the correct
sign) to prevent too large a change in EV. After 11- N c HAL, the value of EVS is
fixed and kept constant until convergence to prevent numerical difficulty in the approxi-
mation of the derivative when 1 is close to unity.

Because parametric search problems represent sequences of keti calculations, it
behooves the user to study the use of subroutine NEWPAR in order to optimize his cal-
culations. It also behooves the user to pose soluble problems. That is, there are many
problems, especially concentration searches, for which solutions are not possible, and
discovering this by trial and error is the hard way. Ideally, the user will have some esti-
mate of the critical parameter available from a lower order computation.
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Figure 7.4 Variation of A during a hypothetical eigenvalue search.

Convergence in time-absorption calculations is typically one-sided. If EV (the eigen-
value a) is negative, then there is a possibility that the corrected removal cross section
will become negative. If this happens, the automatic search procedure may fail dramati-
cally. For this reason POD–4.5 or less is frequently used in such searches.

Adjoint Computations

The DANTSYS solver modules solve the adjoint transport equation by transposing (in
energy) the matrices of scattering cross sections and inverting the group order of the
problem. The transposition of the scattering matrix converts a downscatter problem to
an upscattering problem so that by inverting the group order the problem will execute in
a downscatter-lilce mode. In addition to transposing the scattering matrices, the fission
source term in the transport equation is transposed so that instead of ~g~ (V6f) ~Qh, one

has (VCf) ~~ ~h~h. The code does not transpose the angular direction matrix associ-

ated with the leakage terms in the transport equation. Instead, the adjoint calculation of
the leakage operator proceeds as in the direct (forward) calculation, but the results of the
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adjoint calculation for direction K2must be identified as the adjoint solution for direction
Cl For example, the vacuum boundary condition at a surface (no incoming angular flux)
in an adjoint calculation must be interpreted as a condition of no outgoing flux. Like-
wise, the adjoint leakage at a surface must be interpreted as incoming instead of outgo-
ing.

All group-order inversions and fission source and scattering matrix transpositions are
performed by the code; the user need only set the input parameter ~H in Block-V to
unity to effect an adjoint calculation. (If the problem contains inhomogeneous sources,
these sources must quantitatively be, of course, the adjoint sources.)

The printed output from the solver module in an adjoint calculation indicates the correct
group ordering and need not be inverted by the user. The adjoint fluxes from the solver
module are written to a binary ATFLUX1 standard interface file.

In performing the adjoint reversals of the scattering matrices and the group inversions,
the code prepares a binary, code-dependent interface file ADJMAC. This ADJMAC file
contains the adjoint-reversed material cross sections to be used by the solver module.
ADJMAC is essentially the adjoint-reversed counterpart to the MACRXS file described
in “INTERFACE FILES USED IN MIXING” on page 11-17, and the rules for saving
and using an existing ADJMAC file are the same as for an existing MACRXS file.

The performance of adjoint edits is described in “Adjoint Edits” on page 8-15.
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INTRODUCTION

The basic function of the Edit Module is to perform postprocessing, or edit, operations
after the flux calculation is done. ‘Rvo basically different types of edits maybe done: a
simple inventory of the masses in the problem, and a calculation of reaction rates using
the multigroup, pointwise scalar fluxes generated by the execution of the solver module
or, perhaps, by some other neutronics code. The Edit Module uses the scalar fluxes,
multiplies them by suitable quantities hereafter called response functions, calculates
sums of these products over space and/or energy (if desired), and produces printed out-
put of the results.

The Edit Module is essentially a free-standing code module accepting only interface
files as input. Most of these interface files are general in nature in that they apply both to
the Solver and the Edit Modules (see Table 13.1, “Files Read and Written,” on page 13-
9). Included in these general files are the geometry specifications (GEODST file), the
material mixing and cross-section specifications (NDXSRF, ZNATDN, and SNEXDT
files), and the assignment of materials to zones specifications (ASGMAT file). Another
general file required by the Edit Module is a standard scalar flux interface file, either reg-
ular (forward) scalar fluxes (RTFLUX file), or adjoint scalar fluxes (A~UX file).
Either an RTFLUX or an A~UX file is automatically provided by the Solver Module
whenever it is executed. The specific edit operations to be performed using the informa-
tion from the above general files are provided to the Edit Module by means of an
EDITIT interface file. This file is created by the Input Module solely from user card-
image input in Block-VI of the input data.

Because of the structure and interface file linkage of the DANTSYS code, several differ-
ent Edit Module runs can be performed using the same set of general files. For example,
once the Solver Module is executed and its scalar flux interface file written, the Edit
Module can be repeatedly executed without re-execution of the Solver Module. Only
the Edit Module card-image input need be changed so that a new EDITIT file is created
between runs.

The remainder of this chapter provides details pertinent to the editing options available
to the user in the Edit Module card-image input (Block-VI).
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REACTION RATES

Spatial Options for Edits

Edits can be performed on the fine spatial mesh points (as specified in Block-11 geome-
try input) or on integrals over specified spatial intervals (called Edit Zones).

The fine space-point option is chosen by setting the Block-VI input parameter PTED to

unity. In this form the edit quantity, denoted by p, for the ith spatial mesh point is com-
puted as

where:

%,g =

~,g =

g’

P“ - z @i,gRi,g 9L &?’—
(18)

gEg’

scalar flux for mesh point i, energy group g.

a response function which may be either input directly via the RSFE and
RSFX arrays (below) or formed from input cross sections.

denotes an Edit energy-broad-group (See “Energy Group Options For Edits”
on page 8-10) consisting of one or more Solver energy &oups.

With the Block-VI input parameter BYVOLP set to unity, the above edit quantity will be
multiplied by the mesh interval “volume” Vi. The user may also select those points, or
intervals, for which he wishes point edits by use of the POINTS input array in Block-VI.
If PTED=l and the POINTS array is not specified, the code will provide output for all
mesh points (default).

In three-dimensional problems a special point edit by planes has been included. Input
specifications in Block-VI includes the arrays IPLANE, JPLANE, and KPLANE. These
are a set of integers which designate which planes of point edits will be printed. If any
of these arrays are specified, then the POINTS array must not be specified. Thus, to get
point edits of all the points on the x-y planes, 1, 5, and 10, for example, set
KPLANE = 1,5,10.

To interface with a specific graphics package, TECPLOT@ which is commercially
available, the edit module also has the capability to generate TECPLOT files which mir-
ror the printed output above. This capability is avialable for 2- and 3-dimensional
geometries only. The generation of these files and the printing of the point edits is con-
trolled by the input parameter PRPLTED in Block-VI. Thus, PRPL~D = 0/1/2/3 is
chosen to print only / no point edit output / TECPLOT files only / both generate the
TECPLOT files and print the point edits.
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To obtain edit quantities that are integrals over desired spatial intervals, the input quan-
tity ZNED is set to unity. The desired spatial intervals, called Edit Zones, are specified
by the user through the EDZONE array in input Block-VI. In specifying the Edit Zones

●
through the EDZONE array the following rules must be observed:

(i) each and every fine-mesh interval (point) must be assigned to an Edit Zone,
that is, given an Edit Zone number,

(ii) Edit Zone boundaries are arbitrary, that is, they are independent of coarse-
mesh or material boundaries.

(iii) Edit Zone numbers must be positive integers in the range 1,2, . . . . N where
N is the total number of Edit Zones desired.

Example: Given a ONEDANT problem with 30 mesh intervals, it is desired that edit
quantities be produced that are integrals over the first 10-mesh intervals,
the second 10-mesh intervals, and the remaining 10-mesh intervals. There
are thus 3 Edit Zones each comprising 10-mesh intervals. Using the free-
field repeat option shown in the chapter “FREE FIELD INPUT REFER-
ENCE,” the EDZONE specification could be provided as EDZONE =
10R1, 10R2, 10R3 to specify that the fist 10-space intervals are in Edit
Zone 1, the second 10 in Edit Zone 2, and the third 10 in Edh Zone 3. It
should be noted that the ordering of the Edit Zones 1,2, and 3 with the first,
second, and third set of 10-mesh points is not required. ●

Thus, with ZNED=l, the EDIT module will produce edit quantities, p, for Edit Zone Zm

as

Pzmoz,= Z X +i,gRi,gvi “
gEg’ iEzm

(19)

Lf Edit Zone edits are requested (ZNED=l) and the EDZONE array is not specified, the
code will assume a default specification of the Edit Zones equal to the Coarse-Mesh
intervals (see XMESH input array in Block-II). An exception is TWODANT/GQ, for
which the default is the solver zones.

IMPORTANT NOTE: In order to get printed output from the EDIT module, either point
edits (PTED=l ), or edit zone edits (ZNED=l ), or mass edits (MASSED= l), or any com-
bination thereof must be specified.

Energy Group Options For Edits

The user may select the energy-group structure desired for the edit output by means of
the ICOLL input array in Block-VI. Through this input array the user can collapse the
energy-group structure used in the Solver Module down to fewer (broader) groups for
edit purposes.
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Example: Consider a 24 energy-group structure used by the Solver Module in which
the first 12 groups are considered “fast” groups, groups 13 through 21 are
“epithermai” groups, and groups 22 through 24 are “thermal” groups. If it
is desired that quantities be calculated as integrals (sums) over the three
that edit broad groups denoted fast, epithermal, and thermal, the ICOLL
array would be specified as ICOLL=l 2, 9, 3 to collapse the first 12 groups
into Edit Energy-Broad-Group 1 (the “fast’” broad group), the next 9
groups (groups 13 through 21) into Edit Energy-Broad-Group 2 (epither-
mal), and the last 3 groups (groups 22 through 24) into Edit Energy-Broad-
Group 3 (thermal).

If the ICOLL array is not specified, the code will assume the default condition of one
Solver Module energy group per Edit Energy-Broad-Group.

The IGRPED input parameter in Block-VI is used to control the printed output with
respect to the Edit Energy-Broad-Groups. With IGRPED=O only the energy-group total
(sum over all groups) of the edit quantities is printed. With IGRPED= 1 or 2, edit quan-
tities for each of the Edit Energy-Broad-Groups are printed. With IGRPED= 3, edit
quantities for each Edit Broad Group plus the energy-group total are printed.

Forms Of Response Functions

As indicated in the preceding sections, reaction rate quantities all involve taking the
product of the scalar flux, ~,g, and a response function, ~,g, (for spatial mesh point i and

energy group g). In this section are described the various forms that the response func-
tion ~,g can take.

Cross-Section kmonse Functions: EDXS

Response functions can be formed directly from cross-section data. In this case it is nec-
essary to specify the particular type, or types, of cross sections to be used, that is, (n,y),
(n,cx), total, absorption, etc. The cross-section data provided to the Edit Module on the
SNXEDT file will contain a particular cross-section type in a unique position within the
cross-section data table as indicated in the table “Edit Cross-Section Types by Position
and Name” on page 2-60 or “MENDF Library Edit Cross Sections” on page 2-66.
Through the EDXS input array in the Block-VI input, the user specifies which cross-sec-
tion types are desired using either the integer edit position numbers or the character
names as given in the same tables.

Example: Consider a problem in which isotope cross sections were supplied by means
of an ISOTXS binary file. It is desired that edits be performed using both
the n,a and n,y cross sections. Using the table on page 2-66, the EDXS
array would be input as EDXS= “N-ALPH,” ‘tN-GAMM” or, alternatively,
as EDXS=8, 10.
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The specific forms of cross-section-based response functions available in the EDIT
module are the resident macroscopic, isotope microscopic, constituent, and material
forms. Each of these is described below.

1. Resident Macroscopic Cross-Section Response Functions: RESDNT Input
Parameter.

The resident macroscopic cross section, $: at mesh point i, energy group g is
defined as the actual macroscopic cross seckon that was used by the Solver Mod-
ule. To obtain this as the response function, namely

the Block-VI input parameter RESDNT is set to unity.

2. Isotope Microscopic Cross-Section &&ponse Functions: EDISOS Input Array.
Isotope microscopic cross section, o may be used for the response functions
by identifying the isotopes desired tigou~h the EDISOS Block-VI input array. In
this edit the cross sections are taken directly from the EDIT module file
SNEXDT, which themselves originally came from the basic cross-section library.
Note that the response fimction

R.
ISO

h g
=CJg ,

‘So$i g will be calculated at meshis spatially constant so that the edit quantity og
point i even if the isotope was not physically present at that location.

3. Resident Constituent Cross-Section Res nse Functions: EDCONS Input Array.
ISP

Resident constituent cross sections, Zi ~ , can be used for response functions by
identifying the isotopes desired through the EDCONS Block-VI input array. The
resident constituent or simply, constituent, cross section is a partial macroscopic
cross section given by the product of the isotope microscopic cross section times
the actual atom density associated with that isotope at the spatial location as seen
by the Solver Module. Thus, for a constituent cross-section edit the response
function Rig is

for spatial mesh interval i, group g.

4. Material Cross-Section Response Functions: EDMATS Input Array.

MATL
Material macroscopic cross sections, 28 can be used for the response func-
tion by identifying the desired materials &rough the EDMATS array in the
Block-VI input. In this material edit the macroscopic cross sections for the mate-
rials specified in the MAWS array in the mixing input block (Block-IV) are
reformed using the microscopic cross sections on file SNXEDT together with the
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mixing instructions stored on the NDXSRF and ZNA~N standard interface
files. Thus, for a material cross-section edit the response fimctions are of the
form

N~otT~t these response functions are spatially constant so that the edit quantity
x @i~ will be calculated at each mesh point i, even if the material was not
p~ysicall~ present at that location.

User-hmut ResDonse Functions: RS FE. RSFX

In addition to response functions based on cross-section data, the user may directly input
response fimctions in a space-energy separable form through the Block-VI input arrays
RSFEg and RSFXi for energy-group g and space-point (interval) i for a one-dimensional

case. Thus, for user-input response functions,

Ri,g = RSFEg * RSFX i“

NOTE: The RSFE array is required if user-input response functions are desired. The
RSFX input array is optional (It is defaulted to unity everywhere). There are
RSFY and RSFZ input arrays to specify the distribution in the second and
third dimensions, if needed, These arrays are also defaulted to unity every-
where.
The RSFE input array can be used to obtain groupwise fluxes (or sums of
groupwise fluxes) by using RSFE array entries of 1.0 in the groups of inter-
est. Fluxes can similarly be renormalized by use of the appropriate normal-
ization factor in either the RSFE or RSFX arrays.

Response Function SumminjZ options

Certain response summing operations are available to the user by means of the Block-VI
input arrays MICSUM and IRSUMS. The MICSUM array provides for the specification
of cross-section response function surnmin g, while the IRSUMS array provides for the
specification of user-input response function summing. Each of these is described
below.

Cross-Section Remonse Functions Sums: MICSUM

Through the use of MICSUM input array in Block-VI, either isotope microscopic edit
sums or resident constituent edit sums, but not both, will be computed. (Recall that iso-
tope microscopic edits are invoked by means of the EDISOS input array and resident
constituent edits are invoked by means of the EDCONS input array.)

The MICSUM input array is a packed array with data entered as follows: a set of isotope
numbers or character names (from the basic isotope input library) is given followed by a
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set of cross-section type position numbers of character names (See “Edit Cross-Section
Types by Position and Name” on page 2-60). These sets are delimited with an entry of O
(zero). Reaction rates (edit quantities) are calculated for each isotope specified in the set
for each cross-section type specified and summed to form the first sum. The next two
sets of data are used to define the second sum, etc.

The MICSUM array is only used in conjunction with either the EDCONS array or the
EDISOS array as follows:

● If the EDCONS array is specified, the summing defined by the MICSUM array applies
to the resident constituent (partial macroscopic) cross sections. Isotopes used in the
MICSUM array must have been used in the EDCONS arrav.

c If the EDCONS array is @ specified and the EDISOS array is specified, the summing
defined by the MICSUM array applies to the isotope microscopic cross sections. Iso-
topes used in the MICSUM array must have been used in the EDISO S arrav.

Example: Suppose the EDCONS array were specified as

EDCONS = PU239, PU240, PU241 , U238,

and the MICSUM array were specified as

MICSUM= PU239, PU241, O, “N-GAMM,” “N-FISS,” O,
PU240, U238, O, AIM

For mesh point i, energy group g, the two sums specified in the MICSUM array would
be

SUM1:{ [Ni(cJn’~+ crf)g]pu239 + [Ni(an’y+ d)g]puwl } * @i,g

SUM 2: [(Nia;)pum + (NiCT;)u238] * @i,~ .

Through the use of the IRSUMS input array in Block-VI, user-input response function
edit sums can be computed. The input to the IRSUMS array is supplied as follows: a set
of user-input response function numbers or names is entered and the set is delimited
with an entry of O (zero). Edit quantities are calculated for each response function spec-
ified and the edit quantities summed to form the fist sum. The next set of data is used to
form the second sum, etc. Only user-input response functions that have been provided
through the RSFE input array (and, optionally, the RSFX input array) can be used in the
IRSUMS array.
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Adjoint Edits

The EDIT module will normally perform regular (forward) edits using regular (forward)
scalar fluxes from an RTFLUX standard interface file. If adjoint edits are to be per-
formed, the user need only set the Block-VI input parameter AJED to unity and ensure
that the appropriate adjoint scalar flux file (ATFLUX file) exists and is available to the
EDJT module at the time of execution. (“Adjoint Computations” on page 7-37
describes adjoint calculations in the SOLVER module.) In the adjoint mode, the EDIT
module performs all adjoint reversals and provides the correct group ordering in the
printed output.

ASCII File Output Capabilities (the EDOUTF Parameter)

Because of the desirability of presenting output quantities from a calculation in graphics
form (plots, tables, etc.), it is valuable to have output in eye-readable ASCII files. Such
files are easy to use for extracting information and data and putting it in forms usable by
graphics packages, text-editors, etc. The Edit Module can optionally create two such
ASCII files for the user. The EDTOUT file is an ASCII me which contains certain geo-
metric information (such as problem geometry, number of coarse mesh intervals, the
coarse mesh boundary positions, and number of fine mesh intervals per coarse mesh)
together with the edit quantities produced by the Edit Module. The EDTOGX file is an
ASCII file containing geometric information, group-total fission source (if problem had
fissionable material), and, optionally, the multigroup scalar fluxes at each fine mesh
point. File descriptions for these two files are provided in the chapter “FILE DESCRIP-
TIONS” starting on page 15-1.

The Edit Module (Block-VI) parameter EDOUTF controls the creation of the EDTOUT
and EDTOGX files as described in “ASCII File Output Capabilities (the EDOUTF
Parameter)” on page 8-15.
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MASS INVENTORIES

When isotopic atomic weights are available, the EDIT Module can, if requested by the

user, calculate the mass inventories in the problem.* The default is to calculate the
inventory of each isotope in each of the zones used by the SOLVER Module. Optionally,
mass inventories for each of the EDIT zones may be calculated.

The input variable for the mass edit in Block-VI is “MASSED.” The allowed input val-
ues are shown in Table 8.1.

Table 8.1 MASSED Input Values

MASSED Action

o none

I la Edit by Solver zones I
2 Edit by Edit zonesb

3 Edit by both Solver and Edit zones

a. Oneis thedefaultif there is any other Block-VI input. If the block
is empty, then zero is the default.

b. For all of the DANTSYS codes exeept TWODANT/GQ, the
default for the edit zones is the coarse mesh. For TWODANT/
GQ, the default is the solver zones.

The isotopic atomic weights must be available to the Edit Module for the mass edit to
work. They may be input in the Block-IV ATWT array, or they may be present in the
cross-section library file. In either event, the atomic weights are written to the NDXSRF
standard interface file, from whence the Edit Module acquires them.

*If the problemgeometryhas an infinitelateral dimension, the masses (and Vohunes) are given per u~t

height.
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For problems in which the fine mesh mixing option is used, the MASSED input values
are changed slightly as shown in Table 8.2.

Table 8.2 MASSED Input Values for Fine Mesh Mix Problem

MASSED Action

o none

la Total inventory for the whole problem

2 Inventories by Edit zonesb

3 Inventories for both Total and Edit
zones

a. One is the default if there is any other Block-VI input. If the block
is empty, then zero is the default.

b. For linked problems, a Block-VI EDZONE array is required
since there is no coarse mesh default for the edit zones. The coarse
mesh and the fine mesh are identical in linked problems.
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INTRODUCTION

This chapter serves as the reference manual for the free field input format as imple-
mented in DANTSYSm. First is a section defining terms and concepts. That is followed
by a detailed reference section for the input rules, syntax, and operators for the free field
input.

Lastly is a description of the alternate, fixed field, FIDO format. The alternate, fixed
field FIDO format is an option for card input cross sections in DANTSYS.

DANTSYS is a trademark of the Regents of the University of California Los Alamos
National Laboratory.
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● (FREE FIELD DEFINITIONS

There are four basic input quantities in the free field input; they are ARIUY, DATA
ITEM, BLOCK, and STRING. Each of these is described below along with the concept
of an input operator.

Arrays

The “Array” is the most basic concept in the input. Data are given to the code by placing
data items in an “Array.”

The favored input form (there are several) is one very similar to NAMELIST. Each
input array has a unique name. To make an input to an array, one simply spells out the
array name, appends an equal sign, and follows that with the data items to be entered
into the array. For example, input for the x distribution of the volumetric source, for
which the unique array name is SOURCX, could look like:

SOURCX=OO o 1.1 1.1 00000

The above input would enter source values of zero for the first three intervals, 1.1 for the
next 2 intervals, and then fill the rest of the ten positions in the array with zero.

Unlike NAMELIST, however, an array name CANNOT use a subscript. The operator S,
described later, may be used for this addressing function.

Data items within an array are separated by blanks or commas. In general, blanks may
be used fleely throughout except within a data item, within an array name, or between
an array name and its equal sign.

Numeric Data Items

Numeric data items follow a FORTRAN input convention. For example, all of the fol-
lowing are valid entries for the number ten:

10, 1.0+1, lE1, 10.0

If a decimal point is not entered, it is assumed to be after the right-most digit.

Some arrays expect integer values for input. For such arrays, any input values contain-
ing a decimal point will be truncated.
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Character Data Items

Character data items follow a FORTRAN variable name convention in that they are
composed of up to eight characters, the fist of which must be alphabetic with the rest
alphanumeric. However, special characters or blanks may be included if the data item is
surrounded by double quotes. Operators may NOT be used with character data items.

Blocks

Arrays are entered in groups called blocks. A block consists of one or more arrays (in
any order) followed by the single character T. Thus T is the block delimiter.

Strings

Arrays may need to be entered in smaller pieces called strings. Strings are delimited
with a semicolon(;). When there is matrix or other 2-d inpu~ strings are frequently used
to input information by row rather than for the whole 2-d array at once. The code dic-
tates this; the user has no choice. The user is made aware of which arrays require string
input through use of a certain notation, described in the input array descriptions.

Comments

A slash (/) maybe used to enter comments in the input stream. After a slash is read, no
further processing of that card-image is done.

Operators

Several data operators are available to simplify the input. Most of these opera-
tors are FIDO1 operators, but several are new and represent extensions to FIDO.

In free-field the data operators are specified in the general form

nOd

where:

n is the “data numerator,” an integer, or a blank;
O is any one of several “data operators” described in Table 9.1; and
d is a “data entry” (may be blank for some operators).

Note: The “data operator” character must be appended to the “data numerator.”

Using operators, the SOURCX input described above could more succinctly be given as:
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SOURCX= 3r O 2r 1.1 fO

Note that the operators for FIDO-like repeat and fill were used and were appended
directly to the data numerator. In general, all the FIDO operators may be used in
numeric entry.

A complete list of the valid operators is given in Table 9.1, “Free Field Data Operators,”
on page 9-15.
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‘4 FREE FIELD INPUT DETAILS

This section describes the various rules, restrictions, and options available to the user
when creating the input for DANTSYS. First are described the details associated with
free-field form of input. Next is presented the information needed for user-specified
input forms. This is followed by information for fixed-field FIDO input.

Throughout this section we will use the term card or card-imuge to denote a single
record or line of characters. Thus, an 80-coh.mm card (or card-image) refers to a line
containing 80 columns into which ASCII characters may be written one per column.

Free-Field Input

1. Card-Image Ground Rules

a. Eighty (80) columns available.

b. No special columns; that is, no column is treated any
other column.

2. Delimiters (Separators) and Terminators

a.

b.

c.

d.

e.

f.

g“

Data Item Delimiter (Separator): one or more blanks,
card:

differently than any

a comma, or end of

Note: Hereafter, when an item is referred to as being delimited, for example,
delimited T, it means that the item must be separated from other data iterns
by a blank, comma, or end of card.

Card Terminator: Slash (/), delimiting not required. All entries on a card
beyond the slash are ignored.

Block Terminator Delimited T. Information beyond the T on the card will
be ignored.

Array Terminator: New array name or Block Terminator.

String Delimiter: Semicolon (;), delimiting not required on ;.

String Terminator: Semicolon or new array name or Block Terminator.

Data Item Terminator: Data item delimiter (Separator) or any of the above
Terminators.

3. Numerical Data Item Ground Rules

a. Must not contain embedded blanks.
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b. Must not contain any nonnumeric characters except for E (for exponent),
decimal point, or plus and minus signs.

4. Character Data Item Ground Rules

a. Must begin with alphabetic character [see c. below for exception] and may
contain from one to eight characters.

b. Must not contain any of the following characters: =, $, *, blank, comma,
slash, semicolon, double quote (“). [See c. below for exception.]

c. Character data words may be delimited with double quotes to override a.
and b. restrictions. For example, PU/239 is not allowed, but “PU/239”
is allowed. Remember the eight character limit.

5. Array Identification and Ordering

a. To identify an array for which data entries are to be made, one simply enters
the appropriate array name, followed by an equal (=) sign (no space
between name and =) and then enters the desired data, for example,
cm= 0.95, 0.10 0.05 0.0 .

b. Within a given Block, arrays maybe entered in any order.

6. Block Identification and Ordering

a. No explicit Block identification is required. Array identification is suffi-
cient to tell the code which Block is involved. Recall, however, that a Block
Terminator (delimited T) must be entered when all input arrays for a given
Block have been entered.

b. Blocks must be ordered.

7. Input Data Operators.

Several data operators are available to simplify the input. Most of these opera-
tors are FIDO operators, but several are new and represent extensions to FIDO.

IMPORTANT NOTE: The data operators can only be used with arrays containing
integer, real, or a combination of integer/real data entries. They are NOT usable
with arrays that may contain character data items.

In flee-field the data operators are specified in the general form

nOd

where:

n is the “data numerator,” an integer, or blank;
O is any one of several “data operators” described in Table 9.1; and
d is a “data entry” (maybe blank for some operators).
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NOTE: When a “data numerator” is required with a “data operator,” there must
be no space between the data numerator and the data operator. There maybe any
number of blanks between the data operator and the “data entry” if the latter is
required.

In entering data using data operators, it is convenient to think of an index or pointer that
is under the control of the user and which specifies the position in the data string into
which the next data item is to go. The pointer is always positioned at string location
number 1 when either an array identifier or a string terminator (;) is entered.

In the table below an entry of - for either the data numerator or data entrv indicates that
the item is not required fo~ the particular data operator.

.

Table 9.1 Free Field Data Operators

Data Data Data
Numerator Operator Entry Remarks

n R d REPEAT OPTION: Enter the data entry d n succes-
sive times in the current data string.
Example: 3R 0.0+ 0.00.0 0.0

n I d LINEAR INTERPOLATE OPTION: Enter the value
d into the data string followed by n interpolated
entries equally spaced between d and the next ~
-.. Allowed for both real and integer data although
the spacing between interpolated integer data points
must be integer. Example: 311, 5 + 1 2345 but
311,4 will cause an error if the array data type is inte-
ger.

n L d LOGARITHMIC INTERPOLA~ OPTION: The
effect is the same as that of “I” except that the result-
ing interpolates are equally separated in log-space.

F d FILL OPTION: Fill the remainder of the data string
with the value d.

n z - ZERO OPTION: Enter the value zero in the data
string n successive times. Example: 4Z + O 000

n s - SKIP OPTION: Causes the pointer to skip n positions
in the current string leaving the data values in those
positions unchanged.

n Q m SEQUENCE REPEAT OPTION 1: Enter the last m
data entries into the current string in sequence n
successive times. Example: 123123123 can be
input as 123 2Q3.
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Table 9.1 Free Field Data Operators (Cont.)

Data Data Data
~umerator Operator Entry Remarks

n G m SEQUENCE REPEAT OPTION 2: Same effect as
“Q’ except the sign of each entry in the sequence is
reversed each time the sequence is repeated.
Example 12-1-212 can be input as 1 22G2.

n N m SEQUENCE REPEAT OPTION 3: Same effect as
“Q’ except the order of the sequence is reversed
each time the sequence is entered. For example, 45
6654456 can beinputas4562N3.

n M m SEQUENCE REPEAT OPTION 4: Same effect as
“N” except the sign of each entry in the sequence is
reversed each time the sequence is entered.
Example: 123-3-2-1123 can be input as 123
2M3.

n Y m STRING REPEAT OPTION: Enter the preceding m
strings of data into the current array n successive
times. (For multistring arrays only.)

n x - COUNT CHECK OPTION: Causes code to check
the number of data items entered into the current
string to see if the number of items equals n. If
count is not correc~ an error message will be
printed, an attempt will be made to continue
processing all remaining input, and then the
problem will be halted. (Error diagnostic aid.)

n c d SEQUENCE MULTIPLY OPTION: Enter the last n
data entries, multiplied by d, into the current data
string.

User-Speci.tied Input Formats

If desired, input data for an array can be provided in a format specified by the user. To
specify the format for the input data to an array, the user can use the characters U or V as
follows:

J-Jo~-atoro●

1. Enter the array identification and follow this with a delimited U.

2. On the next card-image enter the desired format enclosed in parentheses any-
where in columns 1-72.
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3. On the next and succeeding cards enter the data using ordinary FORTIL4N rules.

Example:

cm= u
(6E12.5)
data in 6E12.5 format

v 011erator:

Has mine effect as U except the desired format is not entered; instead the format
read in the last preceding U array is used.
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FIXED-FIELD FIDO INPUT DETAILS

Cross sections may be input in a fixed-field FIDO format. But none of Blocks-I through
VI input contain any lixed-field FIDO format. Details of the format are given below.

Fixed-Field FIDO Input

1.

2.

3.

4.

5.

Card-Image Ground Rules

a. Seventy-two (72) columns available.

b. Each card divided into six “fields” of 12 columns each.

c. Each 12-cohmm “field” subdivided into three subfields containing 2, 1, and
9 columns, respectively. Hereafter these subfields will be referred to as
Subfield 1 (the first two columns of each field), Subfield 2 (the third column
in each field), and the Data Subfield (the remaining nine columns in each
field).

Delimiters (Separators) and Terminators

a. Data Item Delimiter (Separator): Field and subfield column boundaries.

b. All entries following the slash on the card are ignored.

c. Block Terminator: Tin second subfield of any field. All entries beyond the
Ton that card are ignored.

d. Array Terminator: New array identified in first and second subfields of next
field, or a Block Terminator.

e. String Delimiter: Semicolon (;) in second subfield of any field. Data sub-
field of that field is ignored.

f. String Terminator: Semicolon or Array Terminator or Block Terminator.

Numerical Data Ground Rules

a. Standard FORTRAN convention.

b. Data items entered in third subfield (the data subfield) in each field only.

Hollerith Data Item Ground Rules

Character data not allowed.

Array Identification and Ordering
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a. To identify an array for which data are to be entered in the fixed-field FIDO
format, one simply enters the array number (integer, < 99) in the first sub-
field of any field followed by the array-type indicator (array purpose charac-
ter) in the second subfield. If the array data is integer (fixed point), the
array-type indicator is the dollar sign ($); if the array data is real (floating
point), the array-type indicator is an asterisk (*). The third subfield is left
blank.

b. Arrays maybe entered in any order within a given Block.

6. Block Identification and Ordering

a. No explicit Block identification required. Array identification is sufficient
to tell the code which Block is involved. Recall that a Block Terminator (T)
must be entered when all input arrays for a given block have been entered.

b. Blocks must be ordered.

7. Input Data Operators

The fixed-field FIDO data operators consist of a subset of the operators used in
the free-field input shown in Table 9.1 plus the special fixed field operators
shown in Table 9.2. Only T, *, R, -, +, and Z may be used. In fixed-field FIDO
usage of these operators, however, the following rules must be observed:

a. the “data numerator:’ if required, must be entered in the first subfield of a
field;

b. the “data operator” must be entered in the second subfield of a field; and

c. the “data entry.” if required, must be entered in the third subfield of a field.
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Table 9.2 Special Fixed Field Data Operators
,w
L-l-=

n

n

+

Data
=

d

d

Remarks

FLOATING ARRAY IDENTIFIER. The unique
array number is n. Precedes the data in the array.

POSITIVE EXPONENTIATION. This will enter a
single number with magnitude d x 10+n, i.e., d is
the mantissa and n is the tens exponent. If no deci-
mal point is present in d, it will be assumed to be al
the far right.

NEGATIVE EXPONENTIATION. This will enter
a single number with magnitude d x 10-n, i.e., d is
the mantissa and n is the tens exponent. If no deci-
mal point is present in d, it will be assumed to be af
the far right.
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INTRODUCTION

● INTRODUCTION

In this chapter, we address the details of the many ways that mukigroup cross sections
can be supplied to the DANTSYSm codes. We do NOT address the many issues
involved in the processing of cross-section data into the multigroup format. Although
the end user needs to be somewhat knowledgeable in that area, we feel that is outside the
purview of this document.

The code cannot only read various cross-section library formats, but also has the capa-
bility to write several output formats. A few pages are devoted to these output formats
and why one might want to use them.

Most of this chapter is concerned with the format and ordering of the data within each of
several possible library files. This includes one section on how to order cross sections in
a coupled library, such as a neutron-gamma library.

Then lastly, there is a small section about enforcing balance in the cross-section sets.
This section touches briefly, but necessarily, on the production of the mukigroup cross
sections.

DANTSYS is a trademark of the Regents of the University of California
Los Alamos National Laboratory.
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INPUT OF THE BASIC CROSS-SECTION LIBRARY ISOTXS and GRUPXS StandardInterface Files

● INPUT OF THE BASIC CROSS-SECTION LIBRARY

The general procedure for generating the macroscopic cross sections appropriate to each
zone in the problem is to begin with a basic library containing multigroup cross-section
data for isotopes. This section describes the allowable forms that these libraries can
take.

ISOTXS and GRUPXS Standard Interface Files

Either of the standard interface files ISOTXS or GRUPXS can be used for providing the
basic, multigroup cross sections for isotopes. ISOTXS is an isotope-ordered, binary file
while GRUPXS is a group-ordered binary file. These are standard interface files as
described by the Committee on Computer Code Coordination.1$2 By default, the m
wide vector chi (fission fractions) from these files will be used unless overridden by the
zone dependent CHI in Block-V.

If the basic library of isotope cross sections is an ISOTXS file, the user enters
LIB=ISOTXS in the Block-111 input; if the library is a GRUPXS file, the user enters
LIB=GRUPXS. If LIB=ISOTXS, the cross sections, by default, must reside on a file
named ISOTXS which must exist at the time of code execution. The user can override
the name ISOTXS by setting LIBNAME=jilenanze in the input, where jilename is the
name of the ISOTXS file. For LIB=GRUPXS, the same conditions apply.

Card-Image Libraries in Los Alamos, ANISN, or Free Field Format

The basic multigroup cross sections for isotopes carI be provided in a card-image library
whose form is referred to as Los Alarnos, ANISN, or Free Field. This library form con-
sists of a collection of cross-section tables. Each of these cross-section tables contains
the full set of multigroup cross sections for one Legendre scattering order for one iso-
tope. The ordering of cross sections within a cross-section table, the ordering of cross-
section tables to form the library, and other details and user options are described below.

The user specifies that the library of cross sections is to be such a card-image library by
entering either LI13=ODNINP or LIB=XSLIB. If LIB= ODNINP, the library card-
irnages are physically located within the input for the code between the input for
Block-111 and the input for Block-IV. If LIB= XSLIB, the library card-images are phys-
ically located on a file named XSLIB, which must exist at the time of code execution.

The user may also specify a card-image library by entering LIB=jlename where jile-
name is any name that the user chooses other than any of the following: ISOTXS,
GRUPXS, MACRXS, MACBCD, BXSLIB, XSLIBB, MENDF, or MENDFG. The
library card-images are then physically located on a file named filename.
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Orde~ of Cross Sect
.

ions Within a Cross-Sect ion Table

The Los Alarnos, ANISN or FIDO card-image library form all assume that each cross-
section table in the library contains an array of cross sections of NGROUP rows each
containing IHM positions. The cross-section type for each group is determined by its
position as shown in Table 10.1. Positions are specified relative to the positions of the
total cross section Ot (position II-IT) and the within-group scattering cross section ~g+g,

(position IHS). Note that the values of IHM, IHT, and H-IS are user input values in
Block-IIT.

Each cross-section table contains the cross sections for one Legendre scattering order for
one isotope as IHM*NGROUP data entries. A cross-section table begins on a new card-
image and the data are entered continuously beginning with IHM entries for group 1,
followed by IHM entries for group 2, etc.

Table 10.1 Cross-Section Ordering In A Card-Image Library

Position
Cross-Section ~pe Collective

in the
Row

For Group g Designation

IHT-2 q
Principal

H-l Vaf Cross.
Sections

q

.
I

II-Is-l qg+l+g)

I IHsa I qg+g) I Self

I IHs+l I q(g-l+g) I\
IHS+2 aJg-2+g) Downscatter

Cross. .
Sections

i. .

I. .

IHMa . Last Position

a. II-M and II-N are user input in Block-111
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Card-Ima~e Data Formats

The cross-section data may be entered on the card-images in one of four data formats,
the traditional Los Alamos format, another similar format with more accuracy, the fixed-
field FIDO format, or the free-field format. The user selects the desired format through
the IFIDO input parameter in the Block-III input.

In the traditional Los Alamos format (IHDO= O), also called the DTF format, the data
are entered on the card-images in 6E12 format.

For more accuracy a similar format (IFIDO= -1) is provided, for which the data are
entered on the card-images in4E18 format.

In the ilxed-field FIDO format (IFIDO= 1), sometimes called the ANISN format, the
data are entered on the card-images using the fixed-field FIDO format described in
“FIXED-FIELD FIDO INPUT DETAILS” on page 9-19. When this format is used, each
cross-section table must be terminated with the “T” terminator as described there.

In the free-field format (IFIDO= 2), the data are entered on the card-images in free-field
format as described in the “FREE FIELD INPUT DETAILS” on page 9-13. When this
format is used, each cross-section table must be terminated with the “T” terminator
described there.

NOTE: For fixed-field FIDO or free field cross sections, neither an array name (or num-
ber) nor an array identifier is needed with the cross-section data.

Cross-Section Table Title Cards

A single title card may optionally be attached to the front of each cross-section table, if
desired. This option is controlled by the input parameter, ITITL in the Block-III input.

Anisotro~ic Scatterin~ and the Orderimz of Cross-Section Tables

In the code, it is assumed that the scattering transfer probability can be represented by
the finite Legendre polynomial expansion of equation (14) on page 12-22, which, in
multigroup notation, becomes

ISCT

x 2n+l
as (g’ + g, po) = 4~ q (VO) ~: (1?’+ g) ,

n=O

where ~0 = Q’ “Q, the scattering angle and ISCT is the desired Legendre order of

anisotropy in the transport calculation (input in Block-V). If ISCT>O, additional tables
of cross sections must be supplied in order to provide the higher order scattering cross

sections o: (g’ + g) needed for the Legendre expansion.
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When using the card image library, the first cross-section table for an isotope contains
the Po, or isotropic, multigroup cross seetions ordered as shown in Table 10.1. The next
cross-section table provides the PI multigroup cross sections with the same ordering; the

next table contains the P2 multigroup cross sections, ete., all for the same isotope. It

should be noted that, for high Legendre order cross-section tables, only the scattering
cross sections are used. The first IHT rows for each group are ignored in the PL(L>O)

tables and the data values in these positions are usually input as 0.0. The number of
tables per isotope can vary with each isotope. The number of cross-seetion tables per
isotope is provided in the input array NTPI in Block-III. If the NTPI array is not pro-
vided, the code will assume that the card-image library contains MAXORD + 1 cross-
section tables for each isotope, where MAXORD is an input parameter in Block-III.

Note that the library may contain scattering data for up to a MAXORD order of anisot-
ropy, but the actual transport calculation can be performed assuming an ISCT order of
anisotropy so long as ISCT < MAXORD.

Binary Form of Card-Image Libraries (the BXSLIB file)

The processing of large, card-image, ASCII libraries can be relatively time-consuming,
especially if the library is in FIDO format. The binary form of the card-image library
can be processed much more rapidly. By entering LIB= BXSLIB, the user can instruct
the code to use the binary form of the card-image, isotopic library (the binary file named
BXSLIB) as the input for the basic cross-section data.

Use of LIB= BXSLIB requires that the appropriate binary form of the library exists and
is available to the code at the time of execution. To create the BXSLIB file, the user
makes his initial execution with the card-image library (LIB= XSLIB or LIB= ODN-
INP) as previously described. Then, by setting the input parameter SAVBXS= 1 in the
Block-111 inpu$ the user can instruct the code to create the binary BXSLIB file and to
retain this file after execution of the Input Module. For Los Alamos users, if LIB=
MENDF, (see “The Los Alamos MENDF5 Cross-Seetion Library” on page 10-13) a
BXSLIB file is always created and retained. The user can then save this BXSLIB binary
file and use it for subsequent runs in place of the BCD library. It should be noted that in
addition to the actual cross-section data, the BXSLIB file will contain any and all other
information specified in the table labelled “Text Cross-Seetion Library Format” in the
Block-111 input description of any of the User’s Guides. The information placed there
will be that provided in the originating LIB= ODNINP or LIB= XSLT.B run. Also
included on the file is the input atomic weights, if they were input via card input in
Block-IV. The file description for the BXSLIB binary file is provided in the chapter
“FILE DESCRIPTIONS”. See “BXSLIB” on page 15-38.

XSLIBB Card-Imaze Library File

By entering LIB=XSLIBB in the Block-111 input, the user instructs the code to use the
specialized isotopic cross-section file named XSLIBB. XSLTBB is an ASCII, card-
image version of the BXSLIB file described previously. The principal advantage of an
XSLIBB file is that it is an ASCII file and is thus both eye-readable and exportable.
Since it can also contain other information such as NAMES, EDNAME, NTPI,
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●
CHIVEC, VEL, Am, and EBOUND, it provides a very useful form of a cross-section
library. Use of LIB=XSLIBB requires that the appropriate form of the card-image file
exists with the name XSLIBB and is available to the code at the time of execution.

The creation of an XSLIBB file is controlled by the WRITMXS parameter in Block-III
as described on page 10-19.

MACRXS and SNXEDT Cross-Section Files

By entering LIB= MACRXS in the Block-III input, the user can instruct the code to use
the code-dependent interface files MACRXS and SNEXDT together with the standard
interface files NDXSRF and ZNATDN12 without referring to a basic library of muM-
group isotope cross sections. These four fdes contain cross sections and other informa-
tion pertaining to the materials created from the original isotopes. (A more detailed
discussion of the MACRXS and SNXEDT iile preparation process is provided in
“INTERFACE FILES USED IN MIXING” on page 11-17 and file descriptions for
MACRXS and SNXEDT are given in the chapter “FILE DESCRIPTIONS” starting on
page 15-1.) This procedure circumvents the sometimes time-consuming process of re-
creating these files when a series of code calculations are being made on the same basic
problem.

If the user enters LIB= MACRXS, it is understood that the MACRXS, SNXEDT, NDX-
SRF, and ZNATDN files must have been previously created and saved and, further, that
these files must be available to the code at the time of execution as follows:

a. MACRXS is required if the SOLVER module is to be executed, and

b. SNXEDT, NDXSRF, and ZNATDN are required if the EDIT module is to
be executed.

The MACBCD Card-Image Cross-Section Library

By entering LIB=MACBCD in the Block-III input, the user instructs the code to use the
specialized material cross-section file named MACBCD. MACBCD is an ASCII, card-
image version of the MACRXS described in the preceding section. Use of
LIB=MACBCD requires that the appropriate card-image file exists with the name
MACBCD and that it is available to the code at the time of execution.

The creation of a MACBCD file is controlled by the WRITMXS parameter in Block-III
as described later in the chapter.

The Los Alamos MENDF5 Cross-Section Library

At Los Alamos National Laboratory a multigroup, isotopic cross-section library named
MENDF5 is maintained as a random access public file available to users on some of the
Laboratory’s mainframe computers. This file is derived from ENDF-V/B nuclear data
evaluations. To use this binary library, or a library constructed in the same format as
MENDF5, the user enters LIB=MENDF in the Block-III input. The code will seek a file
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named MENDF in the user’s local file space and, if such a file exists, will use it. If a file
named MENDF does not exist in the local file space, the code will extract the MENDF5
public file and will use it instead.

The number of isotopes on the MENDF library must be entered using the NISO array of
Block-I.

The appropriate fission fractions may be specified using the NTICHI input parameter in
Block-III, or by using the CHIVEC input array of Block-III, or by using zone-dependent
chi’s in the Block-V input.

When using a MENDF file, isotopes are identified by a floating point number called a
ZAID. The ZAID is of the form ZZAAA.NN where ZZ is the atomic number, W is
the (three-digit) mass number, and NN is a two-digit number specifying a particular ver-
sion of the cross sections for each given isotope. A listing of the current ZAIDS avail-
able on MENDF5 can be obtained from the Radiation Transport Group at Los Alamos
National Laboratory.

The Los Alamos MENDF5G Gamma Cross-Section Library

Similar to the MENDF5 library at Los Alamos described in the preceding section, a
multigroup, isotopic companion gamma-ray (photon) library is maintained. MENDF5G
contains only neutron-induced photon-production and photon-interaction data. To
access this library for gamma (photon) -only calculations, the user specifies
LB3=MENDFG in Block-III of the input and the LNG (Last Neutron Group) parameter

of Block-IH must be set to zero.

The number of isotopes on the MENDFG library must be entered using the NISO array
of Block-I.

Isotopes are referenced by their ZAIDs as described in the preceding section.

The XSLIBE and XSLIBF Material Cross-Section Libraries

The code can use card-image material cross-section libraries named XSLB3E and
XSLIBF by setting LIB=XSLIBE or XSLIBF in Block-III of the input. These two files
are ASCII, card-image files of the XSLIB type containing the material macroscopic
cross sections taken from the MACRXS binary file. The format of these card-image
files is the Los Alamos or ANISN format described on page 10-9 of this chapter.
XSLIBE is formatted in the Los Alamos 6E12 card-image format while XSLIBF is for-
matted in the fixed-field FIDO format.

These files can be created by the code using the WRITMXS parameter in Block-III as
described on page 10-19.
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COUPLED NEUTRON-GAMMA CROSS SECTIONS

These codes can solve coupled neutron-gamma problems in which neutron interactions
with matter produce a source of gamma rays (photons). The simultaneous solution of
the neutron-gamma transport problem can be effected by simply providing a coupled
neutron-gamma cross-section library or set. In such a coupled set the gamma energy
groups are treated as if they were the lowest energy neutron groups.

As an example, a 42-group coupled set (NGROUP = 42) might have 30 neutron groups
(LNG = 30) followed by 12 gamma groups. If there is no upscatter in the system, a cou-
pled set can be provided in the form of a card-image library with IHS = IHT+l and IHM
= IHT+NGROUP. In this form neutrons appear to “downscatter” into the gamma-ray
groups as a result of gamma production resulting from neutron interactions but gamma-
rays do not “upscatter” into neutron groups, i.e., there is no neutron production via pho-
toneutron, or gamma-n, reactions. Using the card-image form of a coupled library with
cross sections ordered as shown in Table 10.2, “Arrangement of Data in a Coupled Neu-
tron-Gamma Library Table,” on page 10-16 (for no upscatter), the isotopic cross sec-
tions for each Legendre order of scatter carry data arranged as shown in Table 10.3.
That table shows the contents of a card-image cross-section table for a 7-group coupled
set (4 n~utron, 3 gamma groups).
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Table 10.2 Arrangement of Data in a Coupled Neutron-Gamma Library Table

GROUP

ROW 12. . LNG LNG+l . NGROUP

.

EiT
IHs

.

.

IHS+LNG-1

IHS+LNG
.

IF&=

HT+NGROUP

PRINCIPAL CROSS SECTIONS AND EDIT POSITIONS

NEUTRON PRODUCTION
VIA NEUTRON

SCATTER

\

\
NOT USED

GAMMA PRODUCTION
VIA GAMMA

SCATTER

GAMMA PRODUCTION
VIA NEUTRON

SCATIER
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Table 10.3 Coupleda Cross-Section Tableb Example

NEUTRON GROUPS GAMMA GROUPS

1 2 76

6,(6)

o

1 I 0,(1)I 0,(2) 0,(7)

2 I Vq-(1) I vq(2) VG43) I vq(4)
I

o 0

cJ~(3) I cJT(4) I OT(5) cJT(7)

0(6+6)4 0(1+1) I 6(2+2) cJ(5+5) 0(7+7)

5 0 G(1+2)

6 0 0

7 0 0

cJ(2+3) I 6(3+4) I 0(4+5) 6(5+6) 0(6+7)

=T= 0(3+5) 0(4+6) 0(5+7)

7== 0(2+5) (s(3+6)

CY(2+6)

6(4+7)

o I o 0(1 +5)8
I

o
I

o 6(3+7)

0(2+7)4-+-I-+o I o I o (3(1+6)

o 0 0 0 0(1+7)

I
a.

b.

4 Neutron groups, 3 Gamma groups

Detailed specification
NGROUP = 7
LNG = 4
IHT=3
LHS=4
IHM=1O
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●
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● CREATING FILES WITH DIFFERENT FORMATS

It is frequently deskable to produce card-image, ASCII forms of cross-section libraries
that are eye-readable and exportable. The Input Module provides the user with the capa-
bility to produce several card-image library forms through the use of the WRITMXS
parameter in Block-III of the input.

By setting WRITMXS=XSLIBB, the code is instructed to create the ASCII file XSLIBB
described on page 10-12. It can be used if the original cross-section library (as specified
in the LIB= instruction) is ODNINP, XSLIB, MENDF, MENDFG, or BXSLIB.

By entering WRITMXS=MACBCD, the code will create the ASCII file MACBCD
described on page 10-13. The MACBCD file can be created no matter what the form of
the original cross-section library.

By entering WRITMXS=XSLIBE, the code will create the ASCII file XSLIBE contain-
ing the material cross sections in Los Alamos 6E12 format as described on page 10-9
and page 10-14. Similarly, WRITMXS=XSLIBF instructs the code to create the ASCII
file XSLIBF containing the material cross sections in fixed-field FIDO format as
described on page 10-9 and page 10-14. Either file can be created irrespective of the
form of the original cross-section library (as specified in the LIB= instruction).

CROSS-SECTION LIBRARIES Version 3.0 10-19



CREATING FILES WITH DIFFEWNT FORMATS

10-20 CROSS-SECTION LIBRARIES Version 3.0



BALANCING THE CROSS SECTIONS

● BALANCING THE CROSS SECTIONS

The cross-section balancing option, triggered by the input variable, BALXS, should
rarely be used. Proper use of BALXS requires a thorough understanding of the cross-
section processing that went into the preparation of the multigroup cross-section library
and why they are not balanced.

WARNING ! Improper use of BALXS can INVALIDATE your flux solution.

In order to understand what BALXS does, we first discuss what the DANTSYS codes
require of the cross-section set. When making the flux calculation for group g, it is
important that the cross section for removal from the group be accurate. Removal from a
group occurs either through absorption or through scattering to another group. The code
implicitly gets the removal cross section, cr ~ , from the total and self scattering cross

sections:

0 r, g =(J total,g –CTg+g (20)

Notice that nowhere is the absorption cross section, c,~~,g , explicitly mentioned. It is

NOT used directly or indirectly anywhere in the flux calculation. The flux calculation

will give the correct results, given only correct values for CJtOtal~ and Cg ~ g (and, of,
course, the group to group transfer cross sections).

However, in order to provide the out-scattering rate for the balance table, the absorption
cross section IS used. Recall that in the cross sections for a group, we have only the
inscattering cross sections from other groups and not the outscattering cross section.
One could access all the cross-section groups in order to sum up the outscatter from the
source group, but conventionally, a short cut is used. The outscatter term is formed
using an effective outscatter cross section, o ~Ut,g , calculated as shown in Eq. (21)

6 out ,g = arg–aab~g
,

(21)

Now, consider the cross-section treatment for the (n,2n) reaction rate. Here we have, for
each neutron lost to the source group, two neutrons appearing in other groups. Typically,
this is handled by including the (n,2n) cross section in the total and the absorption posi-
tions of the source group, but then including a total of twice the (n,2n) cross section in
the inscattering cross sections of the recipient groups. This procedure gives the correct
removal cross section as represented by Eq. (20) and also accurately represents the
inscattering source to the recipient groups. It also gives correctly the outscattering rate
that shows in the balance table. However, the inscattering rate shown in the system bal-
ance table is formed from the inscatter cross sections and will include the (n,2n) produc-
tion. The total inscatter rate (i.e. summed over the energy groups) will then be larger
than the total outscatter rate by the amount of the production rate from the (n,2n) reac-
tion.
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Normally, the cross sections should balance, that is, the absorption reaction rate plus the
total scattering reaction rate should equal the total reaction rate:

a abs ,g +x ~g+g’ =0 total ,g (22)

g’

Again, recall that the transfer cross sections, Og~ ~,, that we have in the library are nor-

mally the inscattering cross sections to group g’ and not the outscattering cross sections

from group gas required by Eq. (22). So, the cross sections will not be balanced accord-
ing to Eq. (22) if there is any (n,2n). ~pically, the remedy is to redefine the absorption
cross section (recalling that this will not affect the flux calculation) to be:

“abs ,g =0 total ,g — z
6 g+g’ (23)

g’

Where we are now using the only transfer cross sections we have, i.e., the inscattering
cross sections, for CJg~ ~, . Note that cJ’abs ~ is then no longer the physical absorption

cross section when we have any (n,2n). Also note that this new “ ‘abs ,g “ will cause the

total outscattering in the system balance table to be equal to the total inscattering even in
the presence of (n,2n), and hence, you will get the true system balance there.

The bottom line is that if your cross-section processor supplies a balanced set with the
proper total cross section, the proper scattering cross sections in the transfer matrix, and
an absorption cross section satisfying Eq. (23), you should get the correct flux calcula-
tion and the correct balance calculated in the balance table even in the presence of
(n,2n).

However, let us suppose that the cross-section purveyor supplies the true absorption
cross section rather than that shown in Eq. (23) and that there is significant (n,2n) in the
material. The cross-section set will not then be balanced. According to the earlier dis-
cussion, you will still get the correct flux solution, but the calculated system balance will
be artificially off due solely to this peculiarity of the cross sections. The balance then is
not a good measure of how well the iteration procedure went in determining the flux.
You can use the input option, BALXS = -1, to replace the supplied oab~,gwith that calcu-
lated from Eq. (23), again recalling that changes in the absorption cross section will not
affect the flux calculation, but will remove the artificial part of the imbalance.

If you use the other option, BALXS = +1, the self scattering cross section in Eq. (23)
will be adjusted to balance the cross sections. But as this WILL change the flux solution
because you are then changing the removal cross section, you must know that you are
correcting an error in the cross-section processing when you use this option. If you force
cross-section balancing this way when it is inappropriate, you will get an INCORRECT
flux solution.
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●
4

REVIEW OF TERMINOLOGY

An understanding of the general procedure for mixing nuclides in these codes requires
an understanding of the terminology used with the code. A review of five basic terms is
provided below.

1. Fine Mesh - the Fine Mesh is the spatial solution mesh for the problem.

2. Coarse Mesh - the Coarse Mesh is a spatial superset of the Fine Mesh. Each
Coarse Mesh contains one or more Fine Mesh intervals. Fine mesh widths are all
the same within a given coarse mesh interval. No material discontinuities may
occur within a coarse mesh interval.

3. Zone - the Zone is a spatial superset of the Coarse Mesh intervals. Each Zone
contains one or more Coarse Mesh intervals. A Zone is characterized by a single
set of macroscopic multigroup cross sections so that all fine mesh intervals
within a zone have the same cross sections.

4. Material - a Material is composed of isotopes (or nuclides or mixes) whose
“microscopic” cross sections exist on the cross-section library file to be used.
The specification of materials requires knowing which isotopes and how much of
each isotope goes into the Material. This information is provided the code
through the MATLS= array in Block-IV of the input.

5. Material Assignments to Zones - the material composition of a Zone is made by
assigning one or more Materials in specified amounts to each Zone through the
ASSIGN= input array in Block-IV of the input. This assignment thus links a spa-
tial portion of the physical problem model (the zone) to the macroscopic cross
sections that are to be used in that spatially-defined zone.
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MIXING MATERIALS FROM “ISOTOPES”

If “isotopic” cross sections are provided on a cross-section library, it is necessary to mix
these isotopes, or nuclides, to create materials. The mixing instructions are provided
either by (i) card-image input in Block-IV by means of the MATLS array and, option-
ally, the PREMIX array, the specifications of which are described in any of the user’s
guides chapters for ONEDANT, TWODANT, or THREEDANT, or by (ii) the standard

interface files NDXSRF and ZNA~N.l If the NDXSRF and ZNATDN files are used,
the term “zone” in the file descriptions of Ref. 1 and Ref. 2 must be replaced with the
word “material” to be consistent with our terminology.

In this section we will provide a basic description of how to mix isotopes (or nuclides) to
form materials using the MATLS array specification in Block-IV of the input. For now
we will assume that it is desired to create materials by specifying the isotopes and their
atom densities in each material. Later in this chapter will be described some alternatives
to using atom densities.

Let us consider an example of a common way of specifying materials. Suppose we have
a multigroup library of cross sections (in barns) for several nuclides including those
whose identifiers are U235, U238, PU239, PU240, IRON, CHROME, NICKEL, OXY-
GEN, and SODIUM. It is desired to mix these nuclides into the following materials:

1. Stainless Steel (SS) at 8 grn/cm3
[74% Iron, 18% Chromium, and 8% Nickel (percents are weight percents)],

2. Uranium Dioxide (U02) at 10 gm/cm3
[0.3% U235 and 99.7% U238 (percents are atomic percents)],

3. Plutonium Dioxide (PU02) at 10 gm/cm3
[80% PU239 and 20% PU240 (percents are atomic percents)],

4. Sodium (NA) at 0.8 gm/cm3.

Translating the above information into atom densities (atoms/barn-cm) gives the values
shown in Table 11.1.
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Table 11.1 Example Specification of Materials
7

Material Identifier Isotope Identifier Atom Density

Ss CHROME 1.6676E-2

NICKEL 6.566E-3

IRON 6.3832E-2

U02 U235 6.7E-5

U238 2.223E-2

OXYGEN 4.460E-2

PU02 PU239 1.7761 E-2

PU240 4.440E-3

OXYGEN 4.4402E-2

NA SODIUM 2.096E-2

To input this information for any DANTSYS solver, we enter

MATLS= SS, CHROME 1.6676-2, NICKEL 6.566-3,
U02, U235 6.7-5, U238 2.2234-2,
PU02, PU239 1.7761-2, PU240 4.44-3,
NA, SODIUM 2.096-2 ;

in B1ock-IV the following:

IRON 6.3832-2 ;
OXYGEN 4.4602-2 ;
OXYGEN 4.4402-2 ;

Note the use of semicolons (;) to delimit the different materials indicating a separate
string for each material (see the chapter “FREE PIELD INPUT REFERENCE” starting
on page 9-l). Also note that the use of commas is optional. Blanks also serve as delim-
iters.
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i
ASSIGNING MATERIALS TO ZONES

The macroscopic cross sections for the zones in the physical problem being analyzed are
created from the material cross sections by assigning materials to zones with appropriate
material concentrations, volume fractions, or densities, as desired. This assignment is
accomplished either by means of the ASSIGN array card-image input in Block-IV or by
means of a pre-existing code-dependent binary interface file ASGMAT.

As an example of the material assignments to zones, suppose the following materials
have been created: Stainless Steel (SS), Coolant (NA), U-238 Oxide (U802), U-235
Oxide &J502), and PU-239 Oxide (PU902). It is desired to assign these three materials
to create the correct macroscopic zone sections for the three zones named CORE,
BLKT, and REFL whose compo~itions areas follows:

Table 11.2 Composition of Zones

Zone Material Material
Volume Fraction

Ss I 0.25

cowF=I==
I t PU902 0.15

I I Ss I 0.25
I 1

I

I U502 0.001

“’ K--l-+=
The above specifications can be provided via the ASSIGN array of Block-IV of the
input by entering the card-image input:

ASSIGN= CORE SS 0.25 NA 0.40 U802 0.20 PU902 0.15 ;
BLKT SS 0.25 NA 0.40 U802 0.349 U502 0.001 ;
REFL Ss 0.3 NA 0.7

The card-image input for the assignment-of-materials-to-zones is written to a code-
dependent, binary interface file named ASGMAT for use by both the Solver and Edit
Modules. The file description for ASGMAT is given in the chapter “FILE DESCRIP-
TIONS” starting on page 15-1.
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If it is desired to use a previously created ASGMAT file for specification of the assign-
ment-of-materials-to-zones, the user should:

(i) omit the ASSIGN array specifications in the Block-IV card-image input or, altern-
atively, set the Block-I input parameter NOASG to unity, and

(ii) ensure that the binary ASGMAT file exists and is available at the time of code exe-
cution.
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● (ALTERNATIVE FORMS OF MIXING

This section details the use of the MATSPEC and ATWT arrays.

Historically, DANTSYS has been oriented toward specifying materials by requiring
input that gives the atom densities of isotopes comprising the material. This is typical of
reactor-oriented computer codes. There is a nuclear analysis community, however, that
specifies mixes by identifying materials by the density of the material together with the
isotopes and their atomic or weight fractions in that material.

The DANTSYS codes will accept the latter type of material specification in addition to
the traditional atom density type of specification. A description follows.

Using Atomic Fractions or Weight Fractions (MATSPEC)

In Block-D/ of the DANTSYS input (the mixing specifications) is the parameter
MATSPEC. There are three allowable input values for MATSPEC:

a. MATSPEC=A~ENS tells the code you are using the traditional atom den-
sity style of input for mixing specifications as described on page 11-9. This
value is the DEFAULT.

b. MATSPEC=ATFRAC tells the code you are using the type of mixing that
specifies the density (grn/cc) of each material together with the isotopes
(nuclides) and their atomic fractions in each material.

c. MATSPEC=WTFRA C tells the code you are using the type of mixing that
specifies the density (gin/cc) of each material together with the isotopes
(nuclides) and their weight fractions in each material.

The MATSPEC parameter can be entered as a vector parameter with up to MT entries so
that different materials can be specified with different types of mixing specifications.
(Recall that MT is the number of materials to be created, as specified in Block-I of the
input.) If the number of entries is less than MT, the last en-~ will be applied
remaining and unspecified entries.

Following is a description of how to input information in each of the above styles.

to all

Note: In the following, matm denotes the name (or identifier) of material m. It is
usually a character name of the user’s choice, e.g., fuel, Tu, steel, etc., for ease
of reading.

iSOi ~ denotes the name (or identifier) of an isotope that exists in material m.
T& must be one of the names from the cross-section library. It is the i-th
isotope in the specific list for material m and may or may not be the i-th isotope
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on the cross-section library. isoi,m is usually the ZAID identifier* if one is using
a MENDF cross-section library.

aj;m denotes the atomic fraction of isotope i that exists in material m.

WJ,mdenotes the weight fraction of isotope i that exists in material m.

zonidj denotes the name (or identifier) of zone j. It is usually a hollerith name,
of the user’s choice, e.g. core, shell, driver, etc., for ease of reading and
identifying.

pm denotes the density [grrdcc] of material m as it exists in a zone.

“ M.ATSPEC= ATDENS
If one makes the entry MATSPEC=ATDENS or one omits the MATSPEC= entry, the
mixing is done with atom densities as described earlier in this chapter.

● MATSPEC= A~C

(Step 1) One defines materials, each with a density of 1 grrdcc, by specifying (using
the MATLS= input array of Block-IV) the name (or identifier) of the material followed
by the isotope names (or identifiers) paired with the atomic fractions of those isotopes
which define the material. This is done by inputting

NOTE: Each material’s specification must be separated from the next by a semicolon!

(Step 2) Then one specifies how the above materials will be mixed and at what density
into each zone. This is done by inputting

ASSIGN= zonidl ~ti pi ... ; zonid2 llU.ltk pk ~t! Pl ... ; etc.

NOTE: Each zone’s specification must be separated from the next by a semicolon!

* The user may get a list of the available ZAID’S by making a preliminary run that ordy includes the
B1ock-I and Block-III input. A listing of the ZAID’s will be found in the printed output from that run.
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● MATSPEC= WTFRAC

(Step 1) One defines materials, each with a density of 1 @cc, by specifying (using
the MATLS= input array of Block-IV) the name (or identifier) of the material followed
by the isotope names (or identifiers) paired with the weight fractions of those isotopes
which define the material. This is done by inputting

MATLS= matl isol,l Wfl,l isoz,l wfz,l ... ; mutz iso],z Wfl,zisqzwf2,.2...;etc.

NOTE: Each material’s specification must be separated from the next by a semicolon!

(Step 2) Then one specifies how the above materials.wiu be mixed and at what densiw
into each zone. This is done by inputting

ASSIGN= zonidl muti pi ... ; zonid2 Wtk Pk ~tl Pl ... ; etc.

NOTE: Each zone’s specification must be separated from the next by a semicolon!

To illustrate the use of these arrays, we repeat the example of page 11-9 with the follow-
ing:

MATSPEC= WTFRAC ATFRAC

MATLS=SS, IRON 0.74, CHROMEO.18, NICKELO.08;
U02, U235 0.003 U238 0.997 0XYGEN2.O;

PU02,PU2390.8 PU240 0.2 0XYGEN2.O;
NA, SODTUM1.O;

ASSIGN=STEEL SS 8.0;
UFUELUO21O.O;
PFUEL PUO21O.O;
COOLNAO.O;

Note that the density of the materials are put in the ASSIGN array whereas the respec-
tive fractions defined by the MATSPEC array are in the MATLS card. Note also that we
rely on the word, ATFRAC, being repeated to fill the third and fourth positions of the
MATSPEC array.

Providing Atomic Weights to the Code (the ATWT Array)

When using MATSPEC=ATFIMC or MATSPEC=WTFRAC, the code must have the
atomic weights of the isotopes.

If the cross-section library is not a MENDF, MENDFG, or a BXSLIB file created with
atomic weights on it, the atomic weights must be supplied in the Block-IV input. This is
done as follows:

In Block-IV enter
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ATWT= isol aiwtl iso2 atwt2 ... ison atwtn

where n < NISO, isoi is the isotope name (identifier) for an isotope on the cross-section
library, and atwtiis its atomic weight. It is the i-th isotope in this specific list of atomic

weights and may or may not be the i-th isotope on the cross-section library.

If using LIB=MENDF for neutrons or LIB=MENDFG for gammas in Block-III of the
input, the atomic weights are automatically provided and nothing more need be done by
the user.

NOTE: Whenever the atomic weights are provided, either in the card-image input or
from a MENDF or MENDFG file, the BXSLTB file that the code creates will contain the
atomic weight data automatically. By saving this BXSLIB file (see the SA~XS param-
eter in Block-III) and using it as the cross-section library file in subsequent runs, there
will be no need tore-enter the atomic weights in the card-image input.
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a INTERFACE FILES USED IN MIXING

1. Material Mixing and the Creation of Interface Files.

In the material mixing operation in the Input Module of DANTSYS, the follow-
ing four binary interface files are produced: MACRXS, SNXEDT, NDXSRF, and
ZNATDN. These, and only these, files are used by subsequent portions of the
code; the basic isotope cross-section library is “forgotten” once these four files
are created.

The MACRXS code-dependent binary interface file is described in the chapter
“FILE DESCRIPTIONS” starting on page 15-1 and contains material cross sec-
tions in energy-group order. The MACRXS file is the only cross-seetion file
available to the Solver Module. Lf a large isotope-ordered, basic cross-section
library is used, the mixing and group-ordering process used in creating the
MACRXS file can be quite time-consuming. lf several calculations are to be per-
formed, for example, parametric studies on a particular nuclear system, it is
advantageous to create a basic MACRXS material file one time only and save
this file for use in subsequent runs involving the Solver Module. By use of the
assignment-of-materials-to-zones specification in Block-IV, a single set of mate-
rials, that is, a single MACRXS file can be used for calculating numerous dilTer-
ent problems in which the problem zone compositions consist of different
proportions of materials. See “ASSIGNING MATERIALS TO ZONES” on page
11-11. The manner in which the code is instructed to use an existing MACRXS
file is described below on page 11-18.

The SNXEDT code-dependent, binary interface file produced by the Input Mod-
ule contains group-ordered cross-section data for use by the Edit Module. Con-
tained in the file are the principal cross sections and edit position data for all
isotopes on the basic input cross-section library. Scattering, or transfer, matrices
are not included on the SNXEDT file. This file is used directly by the Edit Mod-
ule for providing microscopic and constituent edits described in the chapter
“RUNNING THE EDIT MODULE” starting on page 8-1. The SNXEDT file

description is given in the chapter “FILE DESCRIPTIONS” on page 15-78.

The NDXSRF and ZNA~N standard interface files are used by the Edit Module
together with the SNXEDT file to mix the isotopes into the materials used by the
Solver Module. The Edit Module uses these materials in providing the macro-
scopic (or material) edits described in the edit section of any of the User’s
Guides. It is again noted that in using the NDXSRF and ZNATDN files, the term
“zone” in the file descriptions in Ref. 1 and Ref. 2 must be replaced with the
word “material” to be consistent with our terminology.
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As with the MACRXS file discussed above, it is frequently advantageous to save
the SNXEDT, NDXSRF, and ZNATDN files created in one run for use in subse-
quent runs, if possible. This procedure eliminates the need to continually repeat
the often time-consuming process of re-creating the group-ordered code-depen-
dent SNXEDT file. Parametric studies on variations of material compositions in
the zones of the physical problem can be accomplished simply by changing the
assignment-of-materials-to-zones specifications in Biock-V. See “ASSIGNING
MATERIALS TO ZONES’ on page 11-11.

The manner in which the code is instructed to use existing SNXEDT, NDXSRF,
and ZNA~N files is described below. It should be noted that the use of an
SNXEDT file by the Edit Module is usually accompanied by the use of the asso-
ciated NDXSRF and ZNATDN files, and it is wise to treat these three files as a
single triumvirate.

2. Using Existing MACRXS, SNXEDT, NDXSRF, ZNA~N Interface Files.

If an existing pair of NDXSRF and ZNATDN standard interface files is to be
used to specify the material mixing instructions in conjunction with a basic iso-
tope cross-section library, the user should

(i) ornit the specification of the MATLS array in Block-Ill card-image input or,
alternatively, set the Block-I input parameter NOMIX to unity, and

(ii) ensure that the NDXSRF and ZNA~N binary files exist and are available at
the time of execution.

If an existing quartet of MACRXS, SNXEDT, NDXSRF, and ZNATDN binary
interface files is to be used, the user should

(i) omit Block-III and the MATLS array in Block-IV in the card-image input or,
alternatively, set LIB=MACRXS in the Block-III input or, alternatively, set the
Block-I input parameters NOMIX and NOMACR both in unity, and

(ii) ensure that the MACRXS, SNXEDT, NDXSRF, and ZNATDN binary files
exist and are available at the time of execution. Note: only the MACRXS, NDX-
SRF, and ZNATDN files are needed for execution of the Solver Module, and only
the SNXEDT, NDXSRF, and ZNATDN files are needed for execution of the Edit
Module.
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INTRODUCTION

This chapter provides the development. of the multigroup, discrete-ordinates, form of the
time-independent Boltzmann transport equation. 1’2This development is followed by a
brief description of the iterative procedure used to solve the transport equation employ-
ing the diffusion synthetic acceleration (DSA) scheme to accelerate the iterations. The
specifics of the discrete ordinates method is provided for the ONEDANT, TWODANT,
TWODANT/GQ, and THREEDANT solver modules. We also include some of the
details on spatial discretization as is appropriate for each geometry.

The First Order Form of the Boltzmann lkansport Equation

The time-independent inhomogeneous Boltzmann transport equation maybe written as:

v.QY?(r, E, Q)+(Y(r, E)yJ(r, E,Q)

= HdEdao, (r, E+ E, Q. Q)y(r, E, Q’)

1
J‘~

dEdf2’~ (r, E + 23)Wf(r, E) yf(r, E, Q’)

+Q(r, E, Q),

(1)

where ~ (r, E, Q) is the particle flux (particle number density times the particle speed

defined such that ~ (r, E, Q) dl? d~ dK2 is the flux of particles in the energy range dE

about E, in the volume element dr about r, with directions of motion in the solid angle

element dfil about Q. Similarly, Q (r, E, Q) dE dr dL2 is the rate at which particles

are produced in the same element of phase space from sources that are independent of
the flux v. The macroscopic total cross section is G. Assuming isotropic media, the
macroscopic scattering transfer cross section, from energy E’ to energy E through a scat-
tering angle Q” Q’, is Gs. And the macroscopic fission cross section is of. All of the

quantities may be spatially dependent. The number of particles emitted isotropically

()
& per fission is v, and the fraction of these particles appearing in energy dE about E

from fissions in dE’ about E’ is ~ (r, E’ + E) . If Q is not zero in Eq. (l), then ~fi is set

to 1; if Q is zero, then the problem is an eigenvalue problem and l/keff is the eigenvalue.

The remainder of this chapter is devoted to the consideration of the discretization of this
equation as employed in each of the solver modules. The energy and angular variable
discretization is common to all the modules and hence is developed fist. The spatial dis-
cretization is explained separately for each of the modules concerned.
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AlMULTIGROUP, DISCRETE ORDINATES TRANS-
PORT THEORY

We begin the discretization of the neutral particle, Boltzmann transport equation by con-
sidering the phase space variables of energy and angle. This is the multigroup in energy
and discrete ordinates in angle approximation which is common to all the solver mod-
ules in the DANTSYS code system.

Multigroup Approximation

In the energy variable, the energy domain is partitioned into G intervals of width
AEg = Eg-v2-Eg+v2” By convention, the highest energy is at E1/2 and hence the index g

increases as energy decreases (since the normal transport of particles in energy is from
high to low energy as they collide with nuclei in the medium). Thus if we integrate Eq.
(1) over each energy interval, we obtain the following discretized equation:

~g (~)
Q“vvg(r, Q) +qg(r)wg(rm) = ~ cD(r) +Qg(@ +

eff

(2)

G

M ,OS ~t+g (z>I-Lo)IVg,(z, Q’)@’
g’=1

g = 1,... ,G

where, LO = Q ● ~’,

CT,S,g+’g (z>l.+)) = (H )o(r, E+ E,po)y(z, Q, E)dEdE /Vgdr, Q) ,
AEgAE8.
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Qg(r, Q) = j Q(nQ, E)dE,
AE8

Note that the definition of the multigroup cross sections is a formal one since one would
need to know the solution of the transport problem in order to evaluate them. In practice,
the multigroup cross sections are supplied from some cross-section processing code
which predefine the energy intervals and the weighting functions. We also note that
much of the physics of the problem is contained in the cross-section set and hence this
aspect of the solution process of the transport problem should not be minimized. That is,
a careful selection of the cross-section set should be made in order to ensure a physically
accurate solution. For few groups, this accuracy is heavily dependent upon the weight-
ing function; as the number of groups increases, this becomes less so assuming a proper
treatment of the resonance region.

Discrete Ordinates Approximation

The next discretization involves the angular variable. Jn the method of discrete ordi-
nates, the angle is discretized over the unit sphere in a prescribed manner. The choice of
the discretization seeks to satisfy the following conditions:

(1) physical symmetries are preserved upon discretization,

(2) spherical harmonics moments are well approximated in order to provide an
accurate representation of the source terms, and

(3) derivatives with respect to the angle coordinates that come from the streami-
ng operator are simply approximated.

Since in multidimensional cases not all of the above conditions can be simultaneously
satisfied, compromises are made in defining discrete ordinates sets. To understand these
points more completely see Ref. 4. Basically each discrete ordinate is depicted as an
angular direction vector, ~~, with an associated area on the unit sphere, Wm, where

m=l,... M, M being the number of discrete ordinates. This M is derived form the Sn
order specified in Block-I and depends upon the set arrangement chosen and the number
of spatial dimensions. All of the discrete ordinates sets used in the solver modules sat-

M

isfy certain, fundamental conditions including ~ w. = 4X *for conservation. We also
m=l

impose the requirements tha~
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M

x Wma = O for symmetry, and—m
m=l

m=l m=l m=l

where the components of Q. are: Qm = pmj + ?I#” + ~mk.

To obtain the discrete ordinates balance equation, we integrate Eq (2) over Wm (in this
case we assume isotropic scattering for simplicity):

& (~)
[Q OVyj(Z, Q)]m+CY,, g(r) Vg, m(Z) = ~cD(z) +Qg, m(r) +

df

G

g’=1

(3)

where,

‘Vg,m(~) = JV(~,Q)dQ,
Wm

q)g(r) = ; Wmvg,m (r) ,

Ll

Q~,m(r) = ~ ~ (21+1) ~(Qm)f2;,1(d ,
l=oq=-1

Q;, ~(r) = jy;q(Q)Q,(LLVQ,

and the V (Q) are the spherical harmonic functions.

Note that the streaming operator is only discretized symbolically; the specific form of
this operator depends upon the geometric symmetry chosen and to some extent the spa-
tial discretization method. We also note that we have expanded the source in spherical
harmonics, the form in which the code expects the angular dependence of the source to
be represented if it is a volume source. Discussion of the representation of an anisotropic

M

*In this codewe renormalizethe weightssuch that ~ W. = 1.
~=1
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scattering source is presented in the section “Spherical Harmonics Expansion of the
Scattering Source” on page 12-22 below.

Iteration Procedure and Diffusion Synthetic Acceleration

In solving the transport equation numerically, an iterative procedure is used. This proce-
dure involves two levels of iteration referred to as inner and outer iterations. The accel-
eration of these iterations is of crucial importance to transport codes in order to reduce
the computation time involved. The DANTSYS Solver Modules (except TWOHEX)
employ the diffusion synthetic acceleration (USA) method developed by Alcouffe,3 an
extremely effective method for accelerating the convergence of the iterations.

To display the iterative procedure and the application of the diffusion synthetic accelera-
tion method, consider first the inner iteration equation for energy group g and inner iter-
ation L Isotropic scatter is assumed only for simplicity. The basic inner iteration
equation is written

Q“ vi&Q) +ag(r)ij@) ,= (J~g+g (r) $;-l (r) + QQg(r) . (4)

III ~. (4), v; (r, Q) is the angular flux for group g at the ~b inner iteration using a sca-

lar flux ~~- 1 (r) assumed known from the previous inner iteration. QQg is the group

source which remains unchanged for the group throughout the performance of inner iter-
ations. This group source contains scattering and fission contributions to the group
together with any inhomogeneous source. The source is computed using the muh.igroup
scalar fluxes and moments from the previous outer iteration. In the diffusion synthetic

method, a corrected diffusion equation is used to determine the scalar flux ~~ needed for

the next iteration. In fact, there are three separate schemes for writing the corrected dif-
fusion equation to be used: the source correction scheme, the diffusion coefficient cor-
rection scheme, and the removal correction scheme. For the source correction scheme
we write the corrected diffusion equation as

–v “ Dg(r) V(p:(r)+cJR, g (r) $:(r) = QQg(r) +),

where

Dg(r) = + (r), 6R, g (r) = C3g(r) –a~g~g(r)
tr, g

s

and the correction term is

R: (r) =V”~~(r) +V. Dg(r)Viji~(r).

In Eq. (6),

(5)

(6)
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e (7)

Note that a tilde is used to indicate quantities calculated using the transport angular flux,

~~, while the scalar flux calculated from the corrected diffusion equation is without the

tilde.

The source correction scheme for the inner iteration

known from the previous iteration, Eq. (4) is solved

proceeds as follows: using Q;- 1,

for ij~. This involves one sweep

through the space-angle mesh. The correction term, R:, is then calculated using Eqs. (6)

and (7) and, in turn, used in Eq. (5) to calculate $: to complete one cycle or one inner

iteration. The steps are repeated until suitable convergence is achieved. Note that for the
first inner iteration for a group, a logical fist guess for the scalar flux is obtained by
solving Eq. (5) with Rg set to zero for 1=0.

It is easy to show that if the iteration converges, it converges to the transport equation
solution. Namely, drop all 1superscripts and set the transport scalar flux to the corrected

diffusion scalar flux, $g = $g. Then substituting Eq. (6) into Eq. (5) yields

v +r) +(TR,g(r)i&(~) = QQg>

which is the converged transport balance equation obtained also by integrating Eq. (4)
over all Q.

After performing the inner iterations for each group using I@. (4) through (7) to obtain

the group converged correction terms R;(r) , a second level of iteration is needed to

update the multigroup sources. A mukigroup, corrected diffusion equation is con-
structed for this purpose which has the following form:

‘+l(r) = Qg(r) -R:(r)~+l(r) +crR, g(r)q-v.Dg(r)V+g

Equation (8) is necessary if there are fissions or upscattering processes in the problem.
The solution of this multigroup, diffusion equation in itself involves an iteration proce-
dure which we term sub-outer iteration. In using this second level of iteration, we are
effectively replacing transport outer iterations by the diffusion sub-outers.

The source correction scheme outlined above using the diffusion synthetic method is an
effective scheme for inhomogeneous source problems. For eigenvalue problems, Eq. (8)
must be homogeneous, and it is necessary to define a different scheme for the diffusion
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synthetic method. The diffusion coefficient correction scheme is one such scheme. In

this scheme we redefine the corrected diffusion coefficient ~ ~ (r) as

Qg(r) =
–~g (r)

V$g (r)’
(9)

so that Rg (r) = O for all r and g. Then with Qg (r) = O, the inner iteration diffusion

equation becomes

(lo)

and the multigroup (outer iteration) diffusion equation becomes

where kef- is the multiplication factor for the system. The same iteration procedure is

used for this diffusion coefficient correction scheme as for the source correction scheme.

For eigenvalue problems, the diffusion correction scheme has been found to accelerate
the iterations as readily as the source correction scheme for inhomogeneous source prob-
lems. In fact in ONEDANT, TWODANT, TWODANT/GQ, and THREEDANT, the dif-
fusion coefficient correction scheme is used for inhomogeneous source problems in
which fission and/or upscatter is present while the source correction scheme is used only
for inhomogeneous source problems with downscatter and no fission.

One disadvantage to the diffusion coefficient correction scheme is that infinite and nega-
tive diffusion coefficients are possible (see Eq. (9)). If this occurs, Eq. (1O) cannot be
solved using current techniques. To overcome this difficulty, the removal correction
scheme is employed. A corrected removal cross section is defined as

where R:(r) is defined by Eq. (6). Wh.h this modification, Eq. (5) becomes

and Eq. (8) becomes

(12)
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‘+l(r)k+l(r) +ii~,g(r)$g-V. Dg (r) V@g

XGJ& z k+l
=

k v~j J ( r) @g’ ‘+l(r).+ ~ %,g’+g(mg’
ftfg’= I g’*g

(13)

The iteration procedure is entirely analogous to that for the diffusion coefficient correc-
tion scheme and again, if it converges, it converges to the transport balance equation
solution. This removal correction scheme is employed in eigenvalue problems or source
problems with fission a.dor upscatter only when the diffusion coefficient correction
scheme produces negative or infinite diffusion coefficients.
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ONEDANT METHODS

This section is devoted to the description of the angular and spatial discretization forms
that are specific to the one-dimensional geometries treated in ONEDANT. The one-
dimensional symmetries offer great simplification of the transport process and allow
rapid transport calculations for physical systems that can be reasonably represented as
one dimensional.

Geometrical Symmetries Treated in ONEDANT

The symmetries treated in ONEDANT are: (1) slab, (2) infinite cylinder, (3) sphere, and
(4) two-angle slab. The two-angle slab case treats slab geometries where the angular
dependence of an incident source (boundary source) is possibly outside the plane normal
to the surface of the slab.
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Figure 12.1 Coordinates in plane geometry
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Figure 12.3 Coordinates in spherical geometry
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Particular Forms of the Dlver~ence ODerator

The divergence operator in conservative form, V “QyJ or (Q oV~) for the geometries

treated by ONEDANT is given in Table 12.1 in terms of the coordinate systems shown
in Figure 12.1 through Figure 12.3.

In the standard plane geometry, the angular flux ~ (r, E, Q) is assumed independent of ‘

the azimuthal angle @ so that the angular dependence is reduced to the p interval (-1,

+1). ONEDANT also permits the two-angle plane geometry option in which no assump-
tions of symmetry in angle are imposed. In this case the complete unit sphere of angular
directions must be considered.

In cylindrical geometry, the angular flux is assumed symmetric in the ~ angular cosine

and also symmetric about the p – ~, (or @ = 0°-180° ) plane. Thus, only one-fourth of

the unit sphere need be considered in the angular dependence.

In spherical geometry, the angular flux is assumed symmetric in the azimuthal angle @

so that the angular dependence is reduced to the interval (-1, +1).

Table 12.1 Forms of the Divergence Operator

Dependence Definition
Geometry

v.Qyf
of of Variables

Plane lp (x, ~) w = 2X-Q aw
w~

or g = (1 -U2) 112COS$

~ (x, ~, $) q = (1 -yz) 1/2sin(J)

cylindrical v (x) L n) P=~r” Q

~=2z@

pa(w) 1a(w)—— _-
r & r a~

q = (1 - &2) 112sin$

v= (1 - gz) 1Z2COS+

Spherical yf(r, y) P = Z*”Q ~a (r21#) +~a[(l-pz)~l
# ar r au
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53Pherical Harmonics EXDansion of the Scatterin~ Sourc~

The scattering transfer cross section in Eq. (1) is represented by a finite Legendre poly-
nomial expansion of order ISCT

(14)

If this expansion is inserted into Eq. (1) and the addition theorem for spherical harmon-
ics used to expand Pfl (Q’ . Q) , the scattering source becomes

udEdf2’0~ (r, E +E, Q “Q’)qf(r, E, Q’) =SS

where for cylindrical geometry we must replace the p. variable with ~. Using the rela-

tion COSL($ – ~’) = cosL$cosL~’ + si.nh)’ sinL$, we can write Eq. (15) as

ISCT

{
‘S= jdE ~ (’L+ l)4(qE+E) ‘L(P) @L(r,E)

E L=O

where we have defined the moments of the angular flux as

1 2X

(16)

(17a)

-1 0
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In both standard plane and spherical geometries, due to symmetry in the azimuthal angle

@, the flux moments Q:, ~ and +: ~ are identically zero. ~ CY~driCal geometry (with

~, ~ replacing W,~’ in Eqs. (16) and (17), the odd moments (K+L==odd) of $: ~ vanish

as do all the sine moments $: ~. LI the two-angle plane geometry W moments must be>

retained.

In all cases the scattering source, SS, can be written in the general form

SS=p:(2L+l)a:(r, E+ E) Rn(Q)Jn(r, E), (18)
E n=l

where NM is the total number of spherical harmonics (and flux moments) required for a
given Legendre expansion order, LO (as shown in Table 12.2), the Rn (Q) are the spher-

ical harmonics appropriate to the particular geometry, and the & (r, E) are the angular

flux moments corresponding to the Rn (Q) . ISCT is the input variable for LO, describ-

ing the expansion order of the fluxes and the scattering source. The index L in Eq. (18) is

the subscript of the Legendre function P; appearing i.. the appropriate

Rn (Q), 0< L < ISCT. The Rn (Q) are listed in Table 12.3 for typical Legendre

expansion orders. For each Rn (Q) in the table, there is a corresponding flux moment

defined by Eq. (17a), (17b), or (17c) as appropriate.
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Table 12.2 Number of Spherical Harmonics, N, as a Function of Order LO

Standard Plane C lindrical
2

‘l%Oa$egle
LO and Spherical eometry

Geometries Geometry

o 1 1 1

1 2 2 4

2 3 4 9

3 4 6 16

4 5 9 25

5 6 12 36

1
Lo+l

N= (L. +2) 2/4

[ (LO+ 1)2

for standard plane and spherical geometry

for cylindrical geometry

for two-angle plane geometry
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Table 12.3 Spherical Harmonics, R. (~) , for Different Geometries—

C lindrical
d

l%mia~egle
eometry

P4 P3

Standard Plane
and Spherical

n Geo~aties
5

I
I

I

1 I P. (~) P. (6)

P; (g) Cosql2 I PI (p)

3 I P2 (~)

4 I P3 (~)

5 P4 (p)

6 I P5 (p)

7 I
8 I
9 I
10 I

+’ P: (y) Cos$11 I
12 I
13

14 I
g P: (p) cos3@

#P; (p) sin3@

15

16

I I I I

a. PI denotes L-th order Legendre Expansion.
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jjbherical EIarmo nits Exu ansion of the Inhomo~eneous Source

Ln a manner similar to that used for the scattering source, the inhomogeneous source

Q (r, E, Q) can be represented as a finite expansion using the spherical harmonics

R. (Q) defined in Table 12.3. First, the inhomogeneous source moments are defined for

a Legendre expansion order IQAN:

1 27t

Q~(~, E) -&Jdz’JdOQ(r, ~, WL(P), L = O, ....IQAN. (19a)

–1 o

1 2X

2:, L(@) =+ J~ILJCWQ(LEW%P) COSKO>III
-1 0

L= O,..., ZQAN K= 1,..., L ,

1 27r

(19b)

(19C)

–1 o

The inhomogeneous source is represented in the general spherical harmonic expansion

NMQ

Q (r, E, Q) = ~ (2L+ U~n(Q)b.(L~), (20)
n=l

where NMQ is the total number of spherical harmonics (and source moments) required
for a given Legendre expansion order, LO, as shown in Table 12.2, the Rn (Q) are the

spherical harmonics appropriate to the geometry being used, and the Qn (r, 1?) are the

angular source moments corresponding the Rn (Q) . IQAN is determined from the num-

ber of spherical harmonics, NMQ, in the input. The index L is the subscript of the Leg-

endre function P; appearing in the appropriate R. (Q) , 0< L < IQAN. The R. (Q)

are listed in Table 12.3 for typical Legendre expansion orders. For each of these R. (Q)

is a corresponding source moment defined by Eqs. (19a), (19b), or (19c), as appropriate.
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Discrete-Ordinates Eauations in One Dimension

The number of discrete ordinates or angles in the various one-dimensional symmetries
depend upon the symmetry and the Sn order desired. In Table 12.4 is given the number

of angles used in each case.

Table 12.4 Number of Quadrature Points, M as a Function of Sn Order, N

Standard ‘Iho-Angle
Plane Pkme Cylindrical Spherical

N Geometry Geometry Geometry Geometry

2 2 8 2 2

4 4 24 6 4

6 6 48 12 6

8 8 80 20 8

12 12 168 42 12

16 16 288 72 16

N N NO (N+2) NO (N+2) N

4

a. Standard Plane Geometry

For standard plane geometry (see Table 12.1 and Figure 12.1) azimuthal symmetry is
assumed in @ so that Q (~, $) becomes Q (~) and dQ becomes 2ndp. The angular

interval L & [-1,1] is discretized into MM quadrature points ~~ and associated weights

w~ ordered as shown in Figure 12.4. Note that the weights, w~, correspond to d~m/2

for this geometry. The angular flux moments, given by Eq. (17a), are approximated by

MM

@L(~) = z wmp~(I+J Vm (x) ,
m=l

(21)

The discrete-ordinates approximation to the transport equation, i.e., Eq. (3), becomes

a~m(x)

Km ax + (T (x) ym (x) = Sm (x) (22)
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y

Starting direction

123 I
4. 56

I
-v

-1 0 +1

Figure 12.4 Ordering of !%jdirections in plane and spherical geometries

Note: The starting direction only applies to spherical geometry

b. ‘Rvo-Angle Plane Geometry

For two-angle plane geometry the entire unit sphere of directions is discretized into MM

quadrature points (Km, @m) and associated weights ordered as shown in Figure 12.5.

The weights, w,., correspond to df2,~/47c for this option. The angular flux moments,

given by Eqs. (17a)-(17c), are approximated by

MM

+~ (~) = ~ wmp~ (Lm) YJm (~) ,
m=l

m=l

(23a)

(23b)

(23c)
m=l

The discrete-ordinates approximation to the transport equation is the same as for stan-
dard plane geometry, i.e., E-q. (22) on page 12-27.
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m
Figure 12.5 Ordering of S4 directions in two-angle plane geometry*

c. Cylindrical Geometry

For cylindrical geometry (see Table 12.1 and Figure 12.2), the muh.igroup transport
equation, I@ (3), may be written

(24)

where v =~(r, Q).

For the discrete-ordinates approximation in cylindrical geometry, only one quadrant of
the unit sphere is discretied into a set of MM quadrature points ( I.L~,TIM) and associ-

*The ordinates in the octant p, ~ <O, q >0 are not shown.

-ODS Version 3.0
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ated quadrature weights w~. The ordering of these quadrature points is illustrated in

Figure 12.6 for an Sb quadrature.

6

starting
z directions

x

\
\

\

-n

#

Figure 12.6 Ordering of S6 directions in cylindrical geometry

As before, ~~ ( r) s v (r, pn~J represents the average angular flux in d!2m about

Q~ and the angular flux moments for direction wzare given by Eqs. (23a)-(23b). In addi-

tion, it is necessary to define angular-cell-edge fluxes on a given ~-level as Vm _ ,/2 ( r)

and ~,~, ~,z (r) . The discrete-ordinates approximation to Eq. (24) can then be written:

= rSm (r)

where the am_ ~,z and otn + ~,, are angular coupling coefficients. These coefficients

satisfy the recursion relation
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~m+ l/2 —%1–l/2 = –Wmvm> (26)

with the requirement that the first ( ct1,2) and last (CX~+ 1,2) coefficients on each ~ -

level must vanish. It can be shown that Eq. (25) becomes identical to Eq. (24) in the
limit of vanishingly small angular intervals. In the output of ONEDANT pertaining to

the angular quadrature, the quantities
[?) ‘d(w)

are printed out under the

headings BETA PLUS and BETA MINUS, respectively.

d. Spherical Geometry

From Table 12.1 the mukigroup transport equation, Eq. (3), can be written

(27)

where azimuthal symmetry in @ (see Figure 12.3) has been assumed. The angular

domain p. &[–1, 1 ] is discretized into MM quadrature points jLn and associated

weights w~. Note that in spherical geometry, like standard plane geometry, the w~ cor-

respond to dp#2 . The ordering of the quadrature points is illustrated in Figure 12.4.

As before, Vm ( r) s ~ (r, VJ represents the average angular flux in d~~( = dyn)

about Qn and the angular flux moments, given by Eq. (17a), are approximated by

Eq. (16). In addition, it is necessary to define angular-cell-edge fluxes y~ _ 1,2 (r) and

w~ + 1/2 (r). The discrete-ordinates approximation to %. (27) is then written as

a(r2Vm) %+1/2

[[ )

~~ ar + w
m ‘m+l/Jr)-[pm~:’2+r2c~m (r) = r2Sm (r),

(28)

where the angular coupling coefficients ~ must satisfy the recursion relation

Pm+ 1/2- Prn.1/z = ‘2wrnVrn, m = 1,..., ‘M, (29)

with the requirement from particle conservation that the first (~ ~,2) and last

( p~~+ ~z2) coefficien~ must v~sh. It Cm be shownl that J%. (28) becomes identic~

to Eq. (27) in the limit of vanishingly small angular intervals. In the output of ONED-
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ANT pertaining to the angular quadrature, the quantities
(*) ‘d (*) “e

printed out under the headings BETA PLUS and BETA MINUS, respectively.

e. Starting Directions

For the curved geometries discrete-ordinates Eqs. (25) and (28), there are three variables
to be determined at each space position, r: the angular-cell-edge fluxes V~ _ ~,z ( r) and

V,n + 1/2 (~) and the average ~gular flux Wm(~) “ The Wm- ~/2 (~) flux can be

assumed known (except for VI,2 (r) ) from the previous angular mesh-cell computation

and assuming continuity at the angular mesh-cell boundaries. The standard dkimond-

difference2 assumption in angle is _made to relate the ~~ + 1,2 to y~, namely,

Vm(r) = ; rYJm.1/2(~) +vJm+l/2(7-)1 . (30)

Using Eq. (30) to solve for ~~. 1,2 and substituting the resulting expression into

Eq. (25) or (28), there remains but one equation for the one unknown ~~ (r) .

The assumption that ql,~_ ~,z is known is correct except for m = 1 for which an initial,

or starting, condition is required. To achieve this, ONEDANT uses special, zero-
weighted starting directions in spherical and cylindrical geometries to calculate

wl/2 (r) “For sPherical IPmetry this starting dir=tion is the Stra’ight-inward dir~tion

y = –1 for which the term ()1 – V2 v in Eq. (27) vanishes. This yields a special form

of Eq. (28) which can be solved for VI,2 (r) . For cylindrical geome@, as shown in

Figure 12.6, starting directions corresponding to ordinates directed towards the cylindri-
cal axis, q = O, (p = 180°, are used for each ~-level to yield special equations for

YJ1/2 (r) on each E-level. At the origin, 1=0, we also impose an isotropic condition on

tithe angular flux; i.e., —
aP ,=~

= O. This implies that v~ (0) = constant for all m. The

aconstant is determined by solving the starting direction equation as — + cnp = S
dr

which applies to spherical geometry and to cylindrical geometry on each ~ level.

.
of the ~ “1

The spatial domain of the problem is ultimately partitioned into lT fine-mesh intervals
of width Axi , i = 1, 2, .... IT such that Axi -xi+ 1,2 –xi_ 1,2. Subscripts with half-
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integer values denote interval boundaries, and integer subscripts denote interval average,
or midpoint, values. It is assumed that xi ~ ~,2 > xi > xi _ ~,2. With such a partitioning,

space derivatives are approximated by finite differences and, typically, the resulting
equations are cast in forms using interval, or mesh, average fluxes, sources, etc.

The spatial discretization of the one-dimensional symmetries is begun by integrating the
Eqs. (22), (25), or (27) for slabs, cylinders, and spheres respectively over a spatial mesh
cell. The resulting equation is called the discretized balance equation and is the one
solved by the ONEDANT code. This balance equation for all 3 symmetries is written in
the following form:

~m (Ai+ l/2~g, m,i+ 1/2 ‘Ai - l/2~g, tn, i-l/2) +

.)(“nI+ l/2~g, rn+ l/2, i- am–1/2~g, m–l/2, t
++ (Ai+l/2– Ai-l/2)

Wm

, Viyg, m,i = s .V.+Crtg, i g,m, l t

m=l ,...,MM; i = 1,...,IT

(31)

where,

v ~,m,i is the spatial cell centered angular flux,

v ~,m,i + *,2 is the cell edge angular flux at the right cell edge,

A i + 1,2 is the area of the cell at the right edge, and

Vi is the volume of cell i.

Equation (31 ) represents IT’*MM equations for 3*IT*MM+MM+IT unknowns for each
group. The boundary conditions give an additional IT+MM equations. To generate the
remainder of the equations, we resort to an approximation which is called diamond dif-
ferencing. In this case, we specify a relationship between the cell centered and cell edge
fluxes in the following way:

v g,m, i = 0.5 (I#g,m,i+ 1,2+ ~g, m,i_l/2)

VJ . = 0.5 (yfg,m+l/2, i+yfg, m_1/2,i)g,m, 1 (32)

m = 1,...,M; i = 1,...,IT

These equations give the needed 2*IT*MM relationships needed to solve the discretized
transport equation. The solution process starts from a known boundary condition which
specifies the edge flux at that boundary and follows the particle flow; Eqs. (32) are used
to eliminate the unknown edge flux in terms of the known edge and cell centered fluxes.
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This is then substituted into Eq. (31) to derive an equation for the cell centered flux.
Eq. (32) is then used to compute the value for the unknown edge flux from this cell cen-
tered flux and the known edge flux. However, for a variety of reasons, the most common
of which is that the cells are too large in terms of mean-free-paths, the value for the edge
flux can extrapolate to a negative value. This is unphysical given that the source is posi-
tive, thus, a fixup is employed. This negative flux fixup sets the unknown edge flux to
zero when it extrapolates to a negative value. The balance equation, Eq. (31), is then
resolved under this condition in order to maintain particle balance. Thus this scheme is
known as diamond differencing with set-to-zero tiup and is the ONEDANT basic
method for spatial d.i.ferencing.
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TWODANT METHODS

The basic discretization methods used in TWODANT are the same as in ONEDANT
with the natural extensions to two dimensions. The geometries treated are planar X-Y
and polar R-e, and cylindrical R-Z, and these are subsets of the symmetries presented in
Figs. 12.1 and 12.2 in the ONEDANT section. In the following paragraphs we present
some of the details specific to the TWODAN1’ module and the methods we use in two
dimensions.

Some Angular Details in TWODANT

The angular variable is treated using discrete ordinates as in ONEDANT, but the domain
is extended to the hemisphere due to the two-dimensional geometries. The explicit form
used in the spherical harmonics expansion of the sources is given in Table 12.5.

Table 12.5 Spherical Harmonics in Two Dimensions

n
Two-Dimensional Geometries

P3

I 1 I P. (p)

2

3

I 4 I P2 (p)

5

6

I 7 I
8

9

I 10
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This table shows the specific case for P3 expansion which has 10 moments. In general

the number of moments is given by (L+ 1) (~+ 2)/2 where L is the Legendre expansion
order.

In TWODANT we have two possible arrangements of the discrete ordinate points on an
octant of the unit sphere. One arrangement is triangular in which the first level gets one
point, the second gets two, and so forth. The second is a square arrangement in which all
levels get the same number of points equal to the number of levels. A fairly complete
discussion of the issues involved, especially the concept of levels is in section IV.A of
Ref. 4. In Table 12.6 we show the number of quadrature points as a function of Sn order

for the two-dimensional symmetries in the triangular and square arrangements.

Table 12.6 Number of Angles Per Octant in Ilvo Dimensions

Triangular Square

N
Arrangement Arrangement

2 1 1

4 3 4

6 6 9

8 10 16

12 21 36

16 36 64

N N(N+2)/8 N “N/4

Transport Operator in Two-Dimensional Symmetries

The transport operator for each of the two-dimensional symmetries that TWODANT
treats are listed in the following. They are written in conservative form since this is the
form that is used to derive the spatially discretized equations solved in the code.

aqlm alym
Qmovqjm = pmz +q —

may

where,

/Jm = i?x”am,

‘qm = iprn.

(33)
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(34)

where,

‘nM “Q= 20 _m.

Cylindrical R-Z Svmrn etw

Q“ ● v~m

where,

P’m = ~r”am~

gm=2z am.

Spatially Discretized Two-Dimensional ‘Ikmsport Equation

The spatially discretized equations for all the symmetries can be written as a balance
equation in a single form. The balance equation is derived by integrating the above
equations over a spatial mesh cell.

A~m (Ai+ 1/2,j~g, m, i+ l/2,j – i-1/2, jyg,tn,i-l/2,j) +

+ I’lJ?i>j (yfg, m,i,j+ 1,2 – yIg, m,i,j _ ~/2) +

(am+ l/2~g, m + 1/2, i,j ‘“rn-l/2~g, m-l/2, i,j )

+ (Ai+ l/2,j –A )i– l/2, J +
w“

+ at g, i,jvi jyg, m,i,j = Sg, m,i,j i jv, , ,

where,

w,g,”, i + 1,2 j is the flux on the right edge of the mesh cell,

v g,”, i,j + 1,2 is the flux on the top edge of the mesh cell,

(36)
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v ~,~ +, ,2, i,j is the angular direction edge flux,

v ~,~, i,j is the cell center angular flux,

A i+ l/2, j
is the mesh cell area in the i coordinate direction,

Bi j is the mesh cell area in the j coordinate dkection,,

Vi,j is the mesh cell volume.

We note that in X-Y symmetry, the areas in the i direction, Ai+ 1/2,js ~e all equal tO utity,
and hence the term with the angular derivative vanishes.

Equation (36) represents IT*JT*MM equations for 4*IT*JT*MM + (IT+~)*~ +
IT*JT unknowns for each group. The boundary conditions give an additional IT*JT +
(IT+JT)*MM equations. As implemented in the TWODANT code, we generate the
remainder of the equations by one of two approximations: diamond differencing with
set-to-zero fixup or adaptive weighted diamond differencing. In the diamond case, we
specify a relationship between the cell centered and cell edge fluxes in the following
way:

v – 0.5 (yfg,m,i+ ~/2,j+ yg, m,i_ ~/2,j)g,m, i,j —

v g,m, i,j = 0.5 (yJg,m,i,j+ ,/2+ ~g, m,i,j_l/2)

v g,m, i, j = 0.5 (lyg,m+ *,2, i,j + ~g, m_ 1,2,i,j) (37)

m=l ,...,MM; i = 1,...,IT; j=l,...,JT

These equations give the needed 3* IT*JT*MM relationships needed to solve the dis-
cretized transport equation. The solution process starts from a known boundary condi-
tion which specifies the edge flux at that boundary and follows the particle flow;
Eqs. (37) are used to eliminate the unknown edge flux in terms of the known edge and
cell centered fluxes. This is then substituted into Eq. (36) to derive an equation for the
cell centered flux. Eq. (37) is then used to compute the value for the unknown edge flux
from the cell centered and the known edge fluxes. However, as in the one dimensional
case, the value for the edge flux can extrapolate to a negative value and so a fixup is
employed. This negative flux fixup sets the unknown edge flux to zero if it extrapolates
negative, and the balance equation, Eq. (36), is resolved under this condition to maintain
particle balance.

The second method that we use for the spatial discretization is adaptive weighted dia-
mond dfierencing (AWDD). This is based upon a weighted diamond approximation
which, rather than fixing up, uses a predictor corrector method to determine the weights
that will give a positive edge flux in each of the coordinate directions. The weighted dia-
mond equations are written as:
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[

.+P

)( ?
(1+ px, g,m, i,j) yg,~,i,j = ~m~i~lJ~J X’g’””~j:::-lzz)j ‘m>

Xtg,mhj g,m, i+ l/2, j “-1/2,j
pm<o

(l+P a,g,m,i,j) ~g,m,i,j = ‘a,g,m,i,jVg,m+ ~/2,i,j+ Yg,m _ ~/2,i,j
(38)

m=l ,...,MM; i = I,...,IT; j=l,...,JT

1P <1, p <1, p <1
x, g, m, i,j y, g, m, i, j a, g, m, i, j

In Eq. (38) the weights P are first specified to be unity which corresponds to diamond
difference. The unknowns are then solved for depending upon particle flow and substi-
tuted into Eq. (36). A test is done to check positivity and if positivity fails, the P’s are
recalculated using the just obtained diamond information. We also impose a condition of
monotonicity which influences the spatial smoothness of the solution; this is controlled
by the input parameter WDAMP in Block-V. This is group dependent and a value of O
says to use the diamond with set-to-zero fixup described above; a non-zero positive
value indicates that the AWDD method is to be used, where the value entered governs
the smoothness and accuracy of the solution and is normally between to 1 to 4, 1 being
the closest to the diamond solution and 4 being heavily damped toward the step solution.
More details on this can be found in Ref. 5.

The diamond difference method gives good results for Keff problems and for a reason-
ably sized mesh gives good integral values for the system. If the problem is one of deep
penetration or shielding or ifpoint-wise values for the fluxes are very important, then we
recommend the AWDD method with a damping parameter of from 1 to 2.
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Monte Carlo/Discrete Ordinates Hybrid Method

QYtxY&Y

TWODANT/MC is an extension to the existing S, code TWODANT. TWODANT/MC

solves the neutral particle transport equation by a hybrid method that iteratively couples
regions where deterministic (Sn) and stochastic (Monte Carlo) methods are applied.s

Unlike previous hybrid methods, the Monte Carlo and S, regions are fully coupled in the
sense that no assumption is made about geometrical separation or decoupling.
TWODANT/MC provides a new means of solving problems involving both optically
thick and optically thin regions that neither Monte Carlo nor Sn is well suited for by

themselves. TWODANT/MC is capable of solving forward, inhomogeneous source
problems in X-Y and R-Z geometries. 9 This capability includes multigroup problems
involving upscatter and fission.l”’l 1

The fully coupled Monte Carlo/Sn technique used in TWODANT/MC consists of defin-

ing spatial and/or energy regions of a problem in which either a Monte Carlo calculation
or an Sn calculation is to be performed. The Monte Carlo region may comprise the

entire spatial region (with vacuum or reflective boundary conditions) for selected energy
groups, or may consist of a rectangular area that is either completely or partially embed-
ded in an arbitrary Sn region. The Monte Carlo and Sn regions are then connected

through the common angular boundary fluxes and scattering/fission sources, which are
determined iteratively using an response matrix technique.

The hybrid method has been implemented in TWODANT/MC by adding special-pur-
pose vectorized Monte Carlo subroutines, and linkage subroutines to carry out the inter-
face flux iterations. The common angular boundary fluxes are included in TWODANT
as interior boundary sources, leaving the logic for the Sn solution of the transport flux

unchanged, while the diffusion synthetic accelerator remains effective in accelerating
the Sn calculations. The physical description of the Monte Carlo region is derived from

the standard TWODANT input file, reducing the required user input at some expense in
generality, since this limits the Monte Carlo region to two-dimensional X-Y and R-Z
grids. The Sn cross sections are used to form multigroup cross sections for the Monte
Carlo region.

ODANT/MC hD Ut

The additional input required for TWODANT/MC is all located in Blink-V of the stan-
dard TWODANT input (see page 3-61 through page 3-63). The input format follows all
standard DANTSYS input rules as described in the User’s Guide. The keyword
MCOPT controls whether a given run will be a standard Sn only run (MCOPT=O) or a
hybrid Monte Carlo/Sn run (MCOPT=l). A hybrid run is performed only when MCOPT

is present and assigned the value one. Otherwise, the TWODANT/MC keywords are
disregarded.
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The Monte Carlo rezion

The keywords MCI13ND, MCJBND, MCREG, and MCBLT control the size and loca-
tion of the Monte Carlo region. MCIBND designates the left and right boundaries of
Monte Carlo region, where the numerical values represent an Sn fine mesh cell. Thus, if

IT=3, MCIBND=l 3 designates the entire horizontal width of the problem geometry as
the Monte Carlo region. An input of zero automatically sets the boundary to the left or
right cell, respectively. Similarly, MCJBND designates the bottom and top cells of the
Monte Carlo region. Note that only a single Monte Carlo region can be designated.

Usually, the Monte Carlo method will be used in an optically thin region, such as a void,
and the designated Monte Carlo boundaries will be those of the optica13y thin region.
However, experience has shown that the hybrid Monte Carlo/Sn hybrid method works
best when the MC/Sri interface is located in a region where the angular flux is approxi-

mately isotropic. Such is not the case at an interface between optically thick and thin
regions. Instead, we recommend that the actual interface be located at least one mean
free path into the optically thick region. However, since the mean free path can be
strongly group dependent, then the size of the recommended “boundary layer” is also
group dependent.

To prevent having to require the user to input (and calculate) group dependent region
boundaries, we instead use the keyword MCBLT to indicate the number of mean free
paths to be added to the designated Monte Carlo region. The code will then automati-
cally calculate the mean free path for a given energy group and material, and extend the
actual Monte Carlo/Sn boundary the appropriate the number of fine mesh cells to pro-

vide at least an MCBLT sized interface region. To maintain a rectangularly shaped
Monte Carlo region, only a single value for the mean free path is used along each face of
the designated Monte Carlo region, even if multiple materials are present along a given
face. The calculated group-dependent Monte Carlo boundaries are listed in the Monte
Carlo Setup Information in the output. Note that the default value of MCBLT is one.

The Monte Carlo region may consist of any or all energy groups in a problem. It is usu-
ally best to use Monte Carlo in only the source and/or higher energy groups, since
Monte Carlo can become very expensive in lower energy groups where scattering usu-
ally predominates. The Monte Carlo energy regions are designated by the keyword
MCREG. Note that by assigning all energy and spatial regions to the Monte Carlo
region, it is possible to run solely a Monte Carlo calculation with TWODANT/MC.

Source Definition

TWODANT/MC is capable of treating any input fixed source that standard TWODANT
is, including the first-collision source. The source(s) may be arbitrarily split between the
Monte Carlo and Sn regions. The calculated fraction of the fixed source located in the

Monte Carlo region (including boundary layers) is printed out in the Monte Carlo Setup
Information section of the output.

In addition, TWODANT/MC is also capable of treating many singular sources that are
difficult to use with standard Sn. These source types include point sources, beam

sources, and point beam sources. For a complete description, see page 3-63.
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Numb er of ~tories and Cod e Flow

If there is some fixed source located inside the Monte Carlo region, the code will sample
it before attempting to do any Sn calculations. The number of histories used to sample

the source inside the Monte Carlo region will be MCNHIS*MCNTR (the number of his-
tories/trial times the number of trials). TWODANT/MC runs histories in a fixed number
of histories/batch in order to obtain variance estimates for several quantities. While run-
ning the batches (trials), the code will print a line on the screen upon the completion of
each batch.

In sampling the fixed source, the Monte Carlo will track particles from the fixed source
inside the Monte Carlo region through the Monte Carlo region until a particle either
crosses into the Sn region, at which time a Monte Carlo to Sn boundary flux will be

scored, or until it exits the problem geometry.

Once the fixed source calculation has been completed, the code will proceed onto do a
complete Sn calculation for the entire problem geomem as normal (i.e., no Monk Car10
option), except that the Monte Carlo calculated boundary flux at the S#onte Carlo

interface will be used as an internal boundary condition. For fixed source calculations
with no upscatter or fission, this will consist of one outer iteration. For problems with
upscatter andlor fission, outer iterations will be performed until the appropriate Sn con-

vergence criteria have been met. The Sn will print monitor lines to the screen as per nor-

mal Sn calculations.

After the Sn calculation has completed, the code will use Monte Carlo to sample the
incoming angular boundary fluxes into the Monte Carlo region from the Sn region,

tracking particles through the Monte Carlo region as described above. The number of
histories used for this calculation is explained below.

Let the magnitude of the incoming current (i.e., leakage) into the Monte Carlo region
from the Sn equal TAPRTCLS, and let the magnitude of the fixed source inside the

Monte Carlo region be ANORMMC. Then, the total number of histories the code sets
out to run in sampling the incoming boundary fluxes is MCNHIS*MCNTR*TAPRT-
CI.JYANORMMC, divided into MCNTR batches for error estimates. However, the
code always checks to see that this number is no greater than MCNHIS*MCNTR. If so,
it resets it to MCNHIS*MCNTR to ensure that it doesn’t inadvertently run a excessively
large number of histories. Again, TWODANT/MC will print a line to the screen after
running each batch of histories.

However, TWODANT/MC will always run at least one particle per phase space cell per
batch when sampling the boundary fluxes and scattering/fission sources. The number of
phase space cells along the S#Monte Carlo interface is: the number of spatial (fine

mesh) cells along the interface times the number of Monte Carlo energy groups times
the number of quadrature dir@.ions/quadrant times two plus the number of spatial cells
in the Monte Carlo region with scattering/fission sources from the SN region times the
number of Monte Carlo energy groups times the number of quadrature dired.ions/quad-
rant times four. Thus, regardless of the value calculated above, if P is the number of
phase space cells, the code will run at least P*MCNTR number of histories in sampling
the boundary fluxes and scatteringhission sources. If P is large, or MCNTR is large, the
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code will always run a large number of histories, regardless of the value of MCNFIIS, or
the size of TAPRTCLS. A quick way to tell how TWODANT/MC is picking the number
of histories to run is to look at the average source particle weight in the Link Monitor
Table. If the average weight is much less than one, than the number of histories used is
being drkn by the size of P, not MCNHIS.

The combination of a complete Sn calculation with Monte Carlo sampling of interface

boundary :Eluxesis referred to as a “super-outer” iteration. The convergence criteria for
super-outers will be discussed later. On succeeding super-outers, however, the number
of histories is determined as described above, Ideally, as the S#40nte Carlo boundary

fluxes converge, TAPRTCLS decreases, and less histories will be used.

If there is no fixed source inside the Monte Carlo region, the code proceeds direetly to a
Sn calculation after processing the input deck as usual. Once the Sn calculation is com-

pleted, the boundary fluxes are sampled as above, except that since ANORMMC is zero,
we determine the number of histories somewhat differently. If ALPHA(1) is the “fit
coefficient” of the incoming leakage for the first super-outer, the number of histories
used in the (n)th super-outer is MCNHIS*MCNTR*ALPHA(n)/ALPHA( 1). (See below
for a description of fit coefficients.) Again, however, the same caveats about the size of
P and MCNTR apply here.

For a given Sn calculation in a super-outer, standard Sn convergence criteria are used.
The convergence criteria for the Sri/Monte Carlo iterations is based upon the errors in the

group-dependent scalar boundary fluxes at the S#Monte Carlo spatial interface and the

group-dependent scalar scattering/fission sources. Presently, the same error criteria
value (i.e., EPSI) is used for both the Sn and S@Ionte Carlo iterations. The desired goal

in TWODANT/MC to achieve is a relative error in the Monte Carlo to Sn energy-depen-

dent scalax boundary flux and the Monte Carlo to Sn scalar scattering/fission sources of

less than EPSI, when comparing from one super-outer to the next. The error in the out-
going boundary flux and scattering/fission source, where the error is the relative error
between the current and previous iteration’s fluxes/sources, is determined after the
Monte Caxlo calculation in a super-outer, and is printed out in the link monitor as the
“iteration error.” The group location of the maximum errors as well as a cell index are
also printed out.

Unfortunately, due to random fluctuations when performing Monte Carlo calculations, it
would be almost impossible to meet typical Sn convergence criteria of 10-3or 10-4 in the

super-outem. Instead, we attempt to achieve “shape convergence” in the incoming
boundary ~hmes (and sources) from the Sn region to the Monte Carlo region. This is

described h detail in Ref. 12. Essentially, the incoming boundary fluxes are decom-
posed into orthogonal “basis vectors” (shapes), with one new shape per super-outer. The
latest basis vector is then sampled via Monte Carlo to obtain an associated “response
vector.” Tihe response vectors are then used to form an outgoing boundary flux from the
Monte Carlo region to the Sn, which is used by the Sn in the next super-outer as an inter-

nal boundary condition. (This also saves significantly on storage, since we do not have
to calculate an explicit response matrix, which would be approximately of size P2.)
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The idea is that the Sn acts as a “smoothing operator,” reducing the random fluctuations

from the Monte Carlo operator, so that the incoming boundary fluxes and sources will
converge faster. This convergence is seen in the Link Monitor table, which prints outs
the “fit coefficients,” or the expansion coefficients of the incoming boundary fluxes and
sources in terms of the existing basis vectors. The error printouts labeled “fit error”
immediately above the fit coefficients are not the error in the incoming boundary fluxes/
sources from one super-outer to the next, but rather the error in the fit of the basis vec-
tors to the actual incoming boundary flux.

Ideally, as we progress in super-outers, the magnitude of a given shape (or basis vector)
goes to a constant, while the relative magnitude of subsequent basis vectors in compari-
son to earlier ones is monotonically decreasing. Eventually, we have enough shapes to
describe the incoming boundary flux to within EPSI, and have thus achieved shape con-
vergence, even though the relative error in the outgoing boundary fluxes may still be
much greater than EPSI. At this point, TWODANT/MC uses some simple linear alge-
bra to project what the outgoing boundary flux should be, and runs at least more super-
outer (Sn calculation only) to check the projeeted solution by attempting to converge the

outgoing interface fluxes and sources. If it really did have enough shapes to describe the
boundary fluxes, the errors in both the incoming and outgoing fluxes (and sources) after
projection should meet the convergence criteria, or be very close to it. (Note that since
TWODANT/MC does not form any new shapes on the super-outer it projects or the ones
to check the projection, it does not require any further Monte Carlo calculations.) If con-
vergence of the outgoing boundary fluxes is not achieved within MCITS iterations, a
caution message is printed to the screen and output file.

For problems with large Monte Carlo/Sn interfaces, it usually very difficult to describe

all cells along the space/energy boundary to the desired error criteria. Thus, we also use
a “global convergence” criteria to determine when shape convergence has been reached.
If the relative magnitudes of the smallest two calculated fit coefficients, after division by
the magnitude of the largest fit coefficient, are both less than EPSI, than we consider the
MC/Sri interface fluxes and sources to be globally converged, and project the existing

based on the existing shapes.

Occasionally, before shape convergence is reached, a point will be reached in the itera-
tion process where the Sn is no longer able to sufficiently smooth out the fluctuations in

the Monte Carlo operator, resulting in essentially random shapes. TWODANT/MC has
two checks for this: a cheek to ensure that the magnitude of the newest shape (TAPRT-
CLS) is decreasing from one super-outer to the next, and a cheek to ensure that the mag-
nitudes of the individual fit coefficients for a given super-outer’s incoming boundary
flux are monotonically deereasing. If not, it throws away the last basis vector, and
projects on the remaining ones. That is, if TWODANT/MC detected a problem in
super-outer four, it would throw away the third basis vector calculated in super-outer
three, and projeet on the remaining two.

Since the first super-outer’s shape consists of just the incoming boundary flux and
sources to the Monte Carlo region, it is entirely positive. However, because succeeding
shapes are constructed through a Gram-Schmidt orthogonalization process, they can be
composed of negative elements as well as positive ones. This is reflected in the two
quantities TAPRTCLS and APRTCLS, which are essentially the magnitudes of the abso-
lute value of the boundary fluxkource and the actual boundary flutisource, respectively.

12-44 METHODS Vcxxion 3.0



, TWODANT METHODS Monte Carlo/Discmle Ordinates Hybrid Method

To sample negative elements of the boundary flux and source, TWODANT/MC allows
Monte Carlo histones with negative weights. Ideally, the magnitude of any negative ele-
ments is small enough so as not to cause any significant problems. Sometimes, however,
the tracking of negative particles will result in a net negative angular flux (or source) for
an outgoing boundary flux spatial cell. If so, we set the angular flux to zero and adjust
the remaining angular fluxes so as to conserve particles. If the total scalar flux for that
cell is negative, TWODANT/MC sets all angular fluxes to zero and prints out warning
messages to the screen and output file.

Finally, if MCITS super-outers have been performed without achieving either shape
convergence or convergence in the outgoing boundary fluxes, TWODANT/MC ceases
iterating, uses the existing shapes for edit calculations, and prints out warning messages
to the screen and output file.

~emorv Reau irements

To use the S#Monte Carlo option, additional temporary LCM storage is needed to read

in the cross sections for the Monte Carlo, which is done in subroutine MCXSPT, and
approximate] y 2* P*MCITS permanent storage is needed for the basis and response vec-
tors, which is done in subroutine MCXS. Other additional storage is needed for various
arrays stored in SCM and LCM, but the shape vectors are generally the predominant
ones. TWODANT/MC prints out storage information in the Monte Carlo Setup Infor-
mation table, and writes the shape vectors to disk if MAXLCM is exceeded.

!lleatment of Anwdar Seatterinv

The Monte Carlo calculations are all performed using a multigroup treatment, so that no
additional cross-section input is required. The treatment of angular scattering is some-
what complicated, however, because the direct sampling of the group-to-group transfer
moments is usually not possible since they maybe negative. Instead, TWODANT/MC
attempts to generate 32 equiprobable bins such that the L Legendre moments of the
angular scattering cross sections are conserved. This approach (the maximum entropy
method) is fi.uther described in Ref. 13. If TWODANT/MC encounters any problems in
generating the bins from the cross-section moments, it prints out various error messages
which will appear in the Monte Carlo Setup Information Table. Generally, it is best to
preserve as many moments as possible when forming the equiprobable bins, so the use
of transport corrected cross sections in TWODANT/MC should be avoided.

Variance Reduction

In the hybrid Monte Carlo/Sn method, each technique is used where it is most advanta-
geous. Therefore, extensive variance reduction techniques for the Monte Carlo should
not be neeessary. However, TWODANT/MC does include the capability for several
simple variance reduction and biasing techniques, such as weight cutoffs, splitting, and
Russian Roulette (both in space and energy).

To use weight cutoffs, assign two values (W1 and W2) to the keyword MCWC (e.g.,

MCWC= .10 .05). When the weight of a particle in proportion to its source weight (w/
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w~)becomes smaller than W2, RUSSian roulette is pWd With a probability Of SUrViV~
w/w~times I/wl. Lfthe particle survives, it is assigned weight w IwS. weight cutoffs ZUe

performed after a collision event.

For geometxy splitting/Russian roulette, the keyword MCCMIMP is used to assign a cell
importance r to each coarse mesh, including cells entirely in the Sn region. The impor-

tances are assigned via an (IM,JM) sized array. When crossing into cell j from cell i, a
particle is assigned the relative importance Rti = rj /ri. Then, with probability Rti - Int

Ru, Int Rti +1 particles are created; otherwise, Int Rti are created. The weight of all split
particles is w/R~. Note that a cell importance of zero eliminates all particles originating

in or entering that coarse mesh.

Similarly, the keyword MCEGIMP is used to assign (NGROUP) energy group impor-
tances. Splitting/Russian roulette works as described above. Note that energy group
importances of zero can be used to, in effect, set an energy cutoff.

The keyword MCLVIMP is used to set level biasing. When sampling interface fluxes
and sources in the super-outer iterations, level biasing allows one to turn on or off cer-
tain quadrature levels (not directions). In its current form, level biasing allows one to
only turn on or off the sampling of particles according to the quadrature level their start-
ing direction falls within. An entry of one samples particles starting on that level nor-
mally, while a zero kills them immediately. Thus, although the same number of histories
will be run with or without level biasing, the run time will be reduced with level biasing
in approximate proportion to the number of levels set to zero, since histories starting
within those levels will not be tracked.

The quadrature levels may be identified from the Key Start Sn Constants in the input

printout. A given level corresponds to a fixed value of q. For S 12, for example, there are

six levels, regardless of whether one is using a triangular or product quadrature set.
Level one corresponds to quadrature directions with the largest q value, level two to the
next largest, etc. To use level biasing, ISN/2 entries of either one or zero must be made
in order to bias the q levels (ISN is the Sn order). For example, in an S6 calculation, if

one wishes to start particles from the surface source in bins corresponding to quadrature
directions with the largest q only, one would enter “MCLH= 1 00.”

To determine the outcome of scattering events, TWODANT/MC uses implicit capture
and fission. In implicit capture, a particle always survives a scattering event with a
weight multiplier of @cq, as opposed to analog capwre, where a particle either survives
with its weight unchanged, or is absorbed. Implicit fission is just an extension of
implicit scattering to fissionable materials, where the weight multiplier is now (6s +

vof)/q. To prevent a series of weight multiplications greater th~ one> TwOD~~C
uses weight splitting. That is, when the weight multiplier Wmis greater than one, then,

with probability wm- Int Wm,it creates Int Wm+l particles; otherwise, Int Wmare created.

The weight of all split particles is w, where w is the pre-collision weight.

The above variance reduction techniques can be used separately, or in any combination
together. Note that when weight cutoffs are used in conjunction with other techniques,
the source weight is appropriately adjusted when a particle undergoes splitting/Russian
roulette. Input cell, energy group, and level importances are printed out in tables in the

1246 MEIT-IODS %sion 3.0



TWODANT M121T-IODS Monte Carlo/Discrete Ordinates Hybrid Method

Monte Carlo Setup Information section of the output when used. The amount of weight
(per source particles) created/destroyed by splitting/Russian roulette, as well as the num-
ber of particle tracks, is printed out in the informational table after each Monte Carlo
calculation.

Particles created by splitting are placed into a particle bank for subsequent tracking. The
number of particles the bank can hold is initially sized at 640. If the bank fills up, more
space is allocated to it, within the limits of MAXLCM. The maximum size the bank
actually reaches during a Monte Carlo calculation is printed out in the informational
table.

SMMiQL

TWODANT/MC estimates variances by running MCNTR batches of (approximately)
MCNHIS histories/batch. Thus, for each super-outer, the code obtains an estimate of the
variance in the calculated response for that super-outer’s shape the Monte Carlo is cur-
rently sampliug. Given the fit coefficients for each particular shape, it can then estimate
the variance in various quantities. To do this, TWODANT/MC assumes that the sam-
pling of each super-outer’s basis vector is independent, i.e., that the shape of a given
basis vector is not dependent on those that preceded it. Technically, this is not true, and a
covariance term should be included, which would increase the estimated relative errors.
However, given sufficient smoothing by the Sn operator, the covariance term is generally

small enough that it can be neglected. The accuracy of the variance estimates has been
examined by running a problem several times with diHerent random seeds and it has
been determined that, given MCNHIS large enough to adequately sample the problem,
and MCNTR large enough to estimate the variance, then the variance estimates are
indeed reasonable.

Edit&

In TWODANT/MC, the Monte Carlo method tracks particles on the coarse mesh geom-
etry grid, not the fine mesh, although particles crossing the S#Ionte Carlo interface are

scored per fine mesh cell. Flux estimates for the Monte Carlo region are provided
through a tracklength estimator, and these fluxes are used to replace the Sn calculated

fluxes in the Monte Carlo region prior to any edits. However, since flux estimates are
only available on the coarse mesh grid, average values are used for all fine mesh cells in
a given coarse mesh. If one wishes finer detail in the Monte Carlo region, therefore, one
must refine the coarse mesh structure. Since the Monte Carlo tracks on coarse meshes,
this will increase the Monte Carlo run time. Also, as the coarse meshes get smaller,
more histories will be required in order to get adequate statistics for the flux estimates.
Note that where a coarse mesh cell is split between the Monte Carlo and Sn regions,

Monte Carlo-calculated fluxes are used only in the Monte Carlo portion of the cell.
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TWODANT/GQ METHODS

The TWODANT/GQ methods follow those of TWODANT with some restrictions. The
angular quadrature is exactly the same and we use the same spherical expansions for the
scattering and volumetric sources. The symmetries treated, however, are restricted to X-
Y and R-Z; the R-e option has not been implemented. The greatest difference is in the
spatial di.fferencing which is a modified diamond differencing with set-to-zero fixup
method. Because the spatial mesh is general quadrilaterals, including triangles, the
method has had to be generalized to account for the cell edge orientations with respect to
the discrete directions of particle travel. Because the method is based upon diamond dif-
ferencing, it is generally second order in the integral quantities as long as the mesh is not
too severely distorted. What is too severe has to be determined experimentally by the
user. To accelerate the source iterations, we use a DSA accelerator which has been gen-
eralized to treat arbitrary, logically rectangular quadrilaterals. The details of the spatial
discretization and the iteration acceleration impact is presented in Ref. 6.
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OJ TWOHEX METHODS

The TWOHEX methods follow those of TWODANT with some basic differences. The
multigroup approximation shown on page 12-11 applies as do the basics of the discrete
ordinates approximation shown on page 12-12.

The iteration procedure is similar in that there are inner and outer iterations, but in
TWOHEX, there is no acceleration of the inners and the outers are accelerated with a
Chebychev acceleration of the source. There is no diffusion synthetic acceleration in
TWOHEX as opposed to the other modules in this code package.

We use the two dimensional spherical harmonics expansions for the scattering and volu-
metric sources, so the discussion under “Some Angular Details in TWODANT” on
page 12-35 applies. The transport operator shown under “Planar X-Y Symmetry” on
page 12-36 is valid for TWOHEX as well.

The angular quadrature is basically the same as the triangular and rectangular arrange-
ments of TWODANT, but is based on the symmetries of a sextant rather than a quadrant.

The greatest difference is in the spatial differencing which is based on alternating
inverted triangles and is described in Ref. 7.
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o THREEDANT METHODS

The methods that we use in THREEDANT are the same as in TWODANT except with
the natural extensions to three dimensions. The Sn quadrature is the same except that

eight octants are used as opposed to the four quadrants in 2 dimensions. The spherical
harmonics used are the same as the two-angle slab entries from ONEDANT. The spatial
discretization has the same two options of diamond with set-to-zero fixup and the
AWDD methods described above in the TWODANT methods section.

METHODS Version 3.0 12-53



llmEEDANT METHODS

●

12-54 METHODS Version 3.0



I
REFERENCES

I

●
1.

2.

3.

4.

5.

6.

7.

a 8.

9.

10.

11.

12.

13.

REFERENCES

B. G. Carlson and K. D. Lathrop, “Transport Theory-Method of Discrete Ordinates/’
in Comrmtimz Methods in Reactor Phvsics, H. Greenspan, C. N. Kelber and D. Okrent,
Eds. (Gordon and Breach, New York, 1968), Chap. III, p. 185.

G. I. Bell and S. Glasstone, “Discrete Ordinates and Discrete SN Methods,” in Nuclear
Reactor Theorv, (Van Nostrand Reinhold, New York, 1970), Chap. 5, p. 211.

R. E. Alcouffe, “Diffusion Synthetic Acceleration Methods for the Diamond-DilTer-
ence Discrete-Ordinates Equations,” Nucl. Sci. Eng. 64,344 (1977).

R. D. O’Dell and R. E. Alcouffe, “Transport Calculations for Nuclear Analysis: The-
ory and Guidelines for Effective Use of Transport Codes,” Los Alamos National Lab-
oratory report LA-10983-MS (September 1987).

R. E. Alcouffe, “An Adaptive Weighted Diamond Differencing Method for Three-
Dimensional XYZ Geometry,” Trans. Am. Nut. Sot. 68, Part A, 206 (1993).

R. E. Alcouffe, “A Diffusion Accelerated Sn Transport Method for Radiation Trans-
port on a General Quadrilateral Mesh,” NUCL Sci Eng. 105, 191-197, 1990.

W. F. Walters, “The TLC Scheme for Numerical Solution of the Transport Equation on
Equilateral Triangular Meshesj’ Proc. Am. Nucl. Sot. Top. Meeting on Advances in
Reactor Computations, Salt Lake City, Utah, March 28-31, 1983, Vol. 1, pp 151-165.

W. F. Filippone, and R. E. Alcouffe, “The S#onte Carlo Response Matrix Hybrid
Method,” Nucl. Sci. Eng. 100, p. 209 (1988).

R. S. Baker, W. F. Filippone, and R. E. Alcouffe, “The Multigroup and Radial Geom-
etry Formulation of the Monte CmlO/SN Response Matrix Method,” Nzd. Sci. Eng.
105, p. 184 (1990).

R. S. Baker, “A Fully Coupled Monte Carlo/Discrete Ordinates Solution to the Neu-
tron Transport Equation:’ Ph.D. Dissertation, University of Arizona, Tucson, AZ
(1990).

R. S. Baker, W. F. Filippone, and R. E. Alcouffe, “Extension of the Fully Coupled
Monte CmlO/SN Response Matrix Method to Problems Including Upscatter and Fis-
sion,” Int. Topical Meeting on Advances in Math., Comp., and Reactor Phy., 5, p.
21.23-1, Phtsburgh, PA (1991).

W. F. Filippone, R. S. Baker, and R. E. Alcouffe, “The Monte CarlO/SN Hybrid
Method With Orthogonal Interface Basis Vectors,” Joint Intl. Couf. on Math. Methods
and Supercomputing in Nuclear Applications, Karlsruhe, 2, p. 714 Germany (1993).

R. S. Baker, “XREP Module,” Los Alamos National Laboratory internal memorandum
X-6:RSB-93-208 (1993).

METHODS Version 3.0 12-55



REFERENCES

●
12-56 MEIWODS Version 3.0



ONEDANT, TWODANT, TWOHEX,
TWODANT/GQ, and THREEDANT –
Code Structure

Deterministic Transport Team
Transport Methods Group, XTM
Los Alarnos National Laboratory

13
1

Los Alamos
National Laboratory



●

●
13-2 Code Structure Version 3.0



TABLE OF CONTENTS

TABLE OF CONTENTS

TABLE OF CONTENTS ............................................................................................ 13-3

LIST OF T~LES ...................................................................................................... 13-5

OPERATION OF THE CODE SYSTEM .................................................................. 13-7
Programming Practices and SMtids ............................................................................................. 13-7
Language ......................................................................................................................................... 13-7
Structure .......................................................................................................................................... 13-7
StandardInterface Files ................................................................................................................... 13-7
Data Management and Trmsfers ... . .. .. . ... .. .. .. ... . .. .. ... . ... ... ... . .. ... . .. ... . . .... . .. .... .. .. . .. ... . ... .. .. .... .. .. .. . .. .... .. 13-8

Central Memory Restrictions .................................................................................................... ...... 134
Word Size ........................................................................................................................................ 13-8

CODE PACKAGE STRUCTURE ............................................................................. 13-9
Input Module .................................................................................................................................. 13-16
Solver Modules .............................................................................................................................. 13-17
Edit Module ................................................................................................................................... 13-17

PIECEWISE EXECUTION ...................................................................................... 13-19
Module Exeeution Conkol ............................................................................................................. 13.19
Submodule Execution Control (lWe Generation Suppression) ...................................................... 13-20

STACKED RUNS .................................................................................................... 13-25

REFERENCES ......................................................................................................... 13-27

Code Structure Version 3.0 13-3



TABLE OF CONTENTS

●

13-4 Cede Structure Version 3.0



LIST OF TABLES

LIST OF TABLES

Table 13.1:

Table 13.2:

Table 13.3:

Table 13.4:

Table 13.5:

Table 13.6:

Files Read and Written ........................................................................... 13-9
Structure of the Input Module .............................................................. 13-12
Structure of the Onedant Solver Module ............................................. 13-13

Structure of the ‘lWodant Solver Module ............................................. 13-13
Structure of the Threedant Solver Module ........................................... 13-14
Structure of the Edit Module ................................................................ 13-15

Code Suucture Version 3.0 13-5



LIST OF TABLES

13-6 Code Structure Version 3.0



OPEIUTION OF THE CODE SYSTEM Programming Practices and Standards

al OPERATION OF THE CODE SYSTEM

The DANTSYS code package is a modular computer program package designed to
solve the time-independent, multigroup discrete ordinates form of the Boltzmann trans-
port equation in several different geometries. It was developed as a modular code pack-
age consisting of three types of modules: an Input Module, several Solver Modules, and
an Edit Module.

In this chapter is provided a discussion of the general progr amming practices and stan-
dards used in the code package, a description of the code structure, and overviews of the
three modules comprising the package.

Programming Practices and Standards

In general, the programming standards and practices recommended by the Committee
on Computer Code Coordination (CCCC) 1*2have been followed throughout the develop-
ment of the DANTSYS package. By following these practices and standards, problems
associated with exporting and implementing the code in different computing environ-
ments and at different computing installations are minimized. This section provides a
brief summary of the CCCC programming practices and standards used in DANTSYS.

Liuwu%

The programming language is standard FOR~ 77 as defined by the ANSI standard
X3.9- 1978.3 Known exceptions are the occasional use of variable names longer than six
characters and the use of in-line comments.

The code is structured in a form that separates the input and the output (or edit) func-
tions from the main calculational (or solver) sections of the code. A more complete
description of the code structure is provided in “CODE PACKAGE STRUCTURE”
starting on page 13-9.

Standard Interface Files

DANTSYS makes use of interface files to transmit data between and within its modules.
These interface files are binary, sequential data files. Standard interface files are inter-
face files whose structure and data-content formats have been standardized by the
CCCC. Code-dependent interface files are files whose structure and data-content for-
mats have not been standardized.

The following CCCC standard interface files are accepted, created, or otherwise used in
DANTSYS: ISOTXS, GRUPXS, GEODST, NDXSRF, ZNATDN, SNCONS, FIXSRC,
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RTFLUX, A~UX, RZFLUX, RAFLUX, and AAFLUX. File descriptions for these
files are provided in Ref. 1.

The following code-dependent, binary interface files are used in DANTSYS: MACRXS,
BXSLIB, FISSRC, RMFLUX, AMFLUX, AZFLUX, RZMFLX, AZMFLX, RAFLXM,
AAFLXM, UCFLUX, LNK3DNT, SNXEDT, ADJMAC, SOLINP, EDITIT, ASGMAT,
and an extended GEODST and the GEOSING file both used by TWODANT/GQ.
ASCII code-dependent files produced by or usable by the code package are MACBCD,
XSLIBB, XSLIBF, XSLIBE, ARBFLUX, EDTOUT, and EDTOGX. File descriptions
for these code-dependent files are provided in the chapter “FILE DESCRIPTIONS”
starting on page 15-1.

The use of the above interface files is described in “CODE PACKAGE STRUCTURE”
starting on page 13-9 of this chapter.

Mana~ ement and ‘hansfers

DANTSYS is designed with data-management techniques to accommodate, as effi-
ciently as possible, the transfer of the large amounts of data frequently needed for solv-
ing large problems. Data management in the code involves the reading and writing of
sequential data files, a flexible capability to block data, and if needed, use of multilevel
data-managementh.ransfers using random-access files.

The CCCC standardized subroutines SEEK, REED, and RITE are used for data transfers
involving binary, sequential data files. A description of these routines is provided in
Ref. 1.

For multilevel data transfer using random (direct)-access files, the CCCC procedures
have been implemented in the DANTSYS package. The standardized subroutines
DOPC, CRED/CRIT, DRED/DRIT are used to effect multilevel data transfers using ran-
dom-access files. A description of these procedures and subroutines is provided in
Ref. 1.

Memorv &XWXLWS
.0

DANTSYS was originally designed to be operable within a 50,000-word central mem-
ory. But now memory is obtained from the heap, and thus is limited only by the size of
the heap.

Word a
.

The code is designed to be easily converted from its basic long-word computer form to a
form for use on short-word computers. (On a long-word computer, a six-character Hol-
lerith word is a single-precision word, while on a shofi-word computer, it is a double-
precision word.)
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4CODE PACKAGE STRUCTURE

Each code in the DANTSYS code package consists of three major, fictionally indepen-
dent modules: an Input Module, a Solver Module, and an Edit Module. These modules
are linked by means of binary interface tiles. The Input Module processes any and all
input specifications and data and, if required, generates the binary files for use by the
Solver and/or Edit modules. The Solver Module performs the transport calculation and
generates flux files for use by the Edit Module. There are several Solver Modules, one
for each code in the package, but the Input Module and Edit Modules service them all.

The Solver Modules also generate other interface files for use by other codes or for sub-
sequent calculations by the Solver Module. The Edit Module performs cross-section and
response function edits using the flux files from the Solver Module.

A complete list of the interface files accepted, used, and generated by the modules is
shown in Table 13.1 The table indicates which modules read or write a particular file. In
the table, the notation A means always, O means optionally. Thus for the Edit Module,
we see an A for the GEODST file indicating that if the Edit Module is invoked, it will
always need a GEODST file to read. An entry of A for output is subject to the provision
that the information to be put on the file is available. If there is geometry input, then the
Input Module will always write a GEODST file. But, if there was no geometry input, the
Input Module would not write the GEODST file.

Table 13.1 Files Read and Written

Information Type

Geometry Informa-
tion

I Input Module I Solver Module
File

Read Write Read Write

GEODST o A A o

CardImages o

GEOSINGa A

Edit Module I

33
Read Write

A

o
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Table 13.1

Information Type

Cross Sections

Material
Mixing

Assignment of
Materials to
Zones

Solver Module
Input

Quadrature

Inhomoge-
neous Sources

Edit Module
Input

File

ISOTXS

GRUPXS

MENDF

MACRXS I
ADJMAC

Files Read and Written (Cont.)

Input Module Solver Module Edit Module I
Read Write Read Write Read Write

o
0

0

0 A A

MACBCD Iolol I I I I
XSLIB

XSLIBE

XSLIBF

BXSLLB

o

0

0

0 I o I I I I I
XSLIBB I 1 I I
SNXEDT A o
Card Image o
NDXSRW o A A o
ZNATDN

Card Images o

LNK3Dti o 0

ASGMAT A A o 0

Card Images o

SOLKNP o A A

Card Images I o I
SNCONS o A

FIXSRC o 0

Card Images I o I
EDITIT A A

Card Images o
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Table 13.1 Files Read and Written (Cont.)

Input Module Solver Module Edit Module
Information ~pe File

Read Write Read Write Read Write

RTFLUX/ o’ A A o
ATFLux

lUiFLux/ o

AAFLux

RzFLux/ o

AzFLux

RMFLux/ Od o 0

AMFLux
Other Output _m
Files

o
mm

RZMFLXI Oe
AzMFLx

ARBFLUX of

FISSRC o

EDTOUT o

EDT(IGX o

UCFLUX of of

a. This file is used only in TWODANT/GQ, it is not produced by any other solver.

b. TWODANT and THREEDANT Ody.

c. Some Solver Modules accept a flux guess from the RTFLUX/ATFLUX file; some do not.

d. Some Solver Modules accept a flux guess from the RMFLUWAMFLUX file; some do not,

e. Requires an RMFLUX or AMFLUX file from the Solver.

f. From the TWODANT module only.
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A segmented structure is used in DANTSYS for implementing the modules. Such a
structure involves the use of a main driver together with input, solver, and edit segments.

The main program, DRIVER, controls the calling of the primary segments, together
with those service subroutines used by more than one segment.

The first segment constitutes the Input Module. It is structured into a driver routine,
LNPTIO, plus twelve secondary sections as shown in Table 13.2. Each of the secondary
sections performs a unique function so that the Input Module itself is constructed in a
modular form.

Table 13.2 Structure of the Input Module

Routine Function

INPTIO Input Module Driver: controls the flow of the code by calling one or
more of the secondary somebodies below.

I INPT1l Controls code setup and storage allocation. I
INPT12 Controls geometry data processing

INPT13 Controls cross-section library processing for XSLIB, MENDF,
XSLIBB, and MACBCD library forms.

INPT14 Controls mixing specification processing.

I INPT15 I Controls GRUPXS cross-section library processing. I
INPT16 Controls ISOTXS cross-section library processing.

INPT17 Controls BXSLIB cross-section library processing.

IN-PT18 Controls Solver Module input data processing.

INPT19 Controls Edit Module input data processing.

INPllo Controls cross-section balancing operation.

INPlll Controls adjoint reversals.

INP112 Controls GEODST file post processing.
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The second segment constitutes the Solver, or calculational, module. It consists of a
driver routine plus additional secondary sections. The structure of the ONEDANT
Solver Module is depicted in Table 13.3, for TWODANT in Table 13.4, and for
THREEDANT in Table 13.5.

Table 13.3 Structure of the Onedant Solver Module

Routine I Function

GRND20

INPT21

Solver Module Driver; controls the flow of the code by calling one or
more of the secondary submodules below.

Controls module initializations.

INPT22 Controls quadrature selection.

INPT23 Controls flux guess and inhomogeous source processing.

GRND24 Controls calculational data preparation

GRND25 Controls the outer iterations.

0UTT26 Controls final Solver Module printing.

0UT27 Controls binary file preparation.

Routine

TIGF20

TINP21

TINP22

TINP23

TINP24

TGND25

TRANso

Table 13.4 Structure of the ‘JXvodant Solver Module

Function

Solver Module Driver; controls the flow of the code by calling one or
more of the secondary submodules below.

Controls module initializations.

Controls flux guess and inhomogeous source processing.

Controls quadrature selection.

Checks spatial mesh input for consistency.

Calculates initially required functions and grid structures; calculates
the first collision source and Monte Carlo Source if required, initializes
fission source.

Controls the inner iterations.
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Table 13.4 Structure of the Twodant Solver Module (Cont.)

Routine Function

DIFFO Controls the outer iterations.

LINKO Controls the S#MC iterations.

TOT28 Controls final Solver Module printing.

TOT29 Controls binary file preparation.

Table 13.5 Structure of the Threedant Solver Module

Routine Function

TIGFA03D Solver Module Drive~ controls the flow of the code by calling one
or more of the secondary submodules below.

TJ.NP213D Controls module initializations.

TINP223D Controls flux guess and inhomogeous source processing.

‘ITNP233D Controls quadrature selection.

TJNP243D Checks spatial mesh input for consistency.

TINP253D Calculates initially required functions and grid structures; initial-
izes the fission source.

I TIWNS03D Controls the inner iteration.

I DII?F03D I Controls the outer iteration. I

I TOT283D I Controls final Solver Module printing.

TOT293D Controls binary file preparation.

13-14 Code Stmcturc Version 3.0



CODE PACKAGE STRUCTURE

The third se~ment is the Edit Module. It currently consists of a driver routine, OUTT30,
plus four se~ondary sections as shown in Table i3.6.

Table 13.6 Structure of the Edit Module

Routine Function

ouTr30 Edit module drive~ controls the flow of the code by calling one or
more of the secondary submodules below.

OUTT31 Controls reaction rate calculations.

OU7”I’32 Controls power normalization, edit zone averaging, and output file
preparation.

0UTT33 Controls a spatial mesh collapse determination.

0UTT34 Controls the mass edit request on the coarse mesh or edit zones.

A fourth se~ment is used in DANTSYS. This fourth se~ment provides highlights of the
just-execut~d run as an aid to the user. These highlight~are a printed surr&a& of some
of the pertinent facts, options, and decisions encountered during the run along with stor-
age and run time information. This segment is not considered to be a module in the sense
of the first three segments.
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Lmut Module

The Input Module performs the necessary activities for processing all input data
required for the execution of the Solver ardor Edit Modules. These activities include
the reading of input data and the creation of binary interface files. The latter activity may
require a certain degree of data processing. Each of these activities is discussed below.

In performing the reading-of-input-data activity, the Input Module accepts standard
interface files (binary), code-dependent binary interface files, or card-images for its
input. These are listed in Table 13.1. As is indicated in the table, input data to the code
can be provided in several different forms and many combinations of forms to provide a
great deal of flexibility to the user. These input data are described in the appropriate
User’s Guide for the code of interest.

The second major activity in the Input Module is the creation of binary interface files
containing all input data. These files are subsequently used as the sole means of trans-
mitting data to either the Solver or Edit Modules. The files emerging from the Input
Module are given in Table 13.1 and take the form of either CCCC standard interface
files or code-dependent interface files. In this file-creation activity, the Input Module is
called on to perform several types of tasks. As an example, the only form in which
geometry-related information emerges from the Input Module is in the form of a
GEODST standard interface binary file. If a user supplies geometry-related input by
means of card-image input, the Input Module reads this input, translates the data into a
GEODST-compatible form, and creates the resulting GEODST file. On the other hand, if
the geometry-related information is supplied by the user through an already existing
GEODST file, the Input Module is required to do nothing.

A second, more complex, example of the function of the Input Module involves the mix-
ing of isotopes, or nuclides, to create materials which are subsequently assigned to phys-
ical regions in the problem (called zones) to define the macroscopic cross-section data
for the zones. For this example, it will be assumed that the user selects card-image input
as the form for the Input Module. First, the isotope mixing specifications appropriate for
the desired materials are input via card-image. The Input Module reads this data, trans-
lates the data and creates the two standard interface files NDXSRF and ZNA~N as
shown in Table 13.1. These two files appear as output from the Input Module. Assuming
next that the isotope cross sections are provided by the user as a card-image library, the
Input Module reads this library (in isotope-ordered form) and also reads the just-created
NDXSRF and ZNATDN files. The mixing specifications provided by the latter files are
applied to the isotopic cross-section data to generate material cross sections which are
written, in group order, to a code-dependent binary file named MACRXS. (A group-
ordered file named SNXEDT for use by the Edit Module is also created at this time but
will not be considered in this example.) The MACRXS file becomes the sole source of
cross-section data to the Solver Module if the Solver calculation is to be a forward, or
regular, calculation. If an adjoint calculation is to be performed by the Solver, the Input
Module re-reads the MACRXS file, performs the adjoint reversals on the cross sections,
and creates the code-dependent binary file named ADJMAC containing the adjoint-
reversed material cross sections for use by Solver.
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Solver Modules

The Solver Modules of DANTSYS have the function of effecting numerical solutions of
the mukigroup form of the neutral-particle steady-state Boltzmann transport equation.
Separate Solver Modules are used for different basic geometries. For instance, there are
different solvers for l-d, 2-d, and 3-d. The discrete-ordinates approximation is used for
treating the angular variation of the particle distribution and the diamond-difference
scheme4 or the adaptive weighted diamond difference scheme in 2 and 3-d,5 is used for
phase space discretization.

In solving the transport equation numerically, an iterative procedure is used. This proce-
dure involves two levels of iteration referred to as inner and outer iterations. The accel-
eration of these iterations is of crucial importance to transport codes in order to reduce
the computation time involved. The ONEDANT, TWODANT, TWODANT/GQ, and
THREEDANT Solver Modules employ the di.ffhsion synthetic acceleration method
developed by Alcouffe,G an extremely effective method for accelerating the convergence
of the iterations. The TWOHEX code uses a higher order scheme with Chebyshev accel-
eration of the outer iterations. A relatively detailed development of the solution methods
used in the Solver Modules is provided in the chapter “ONEDANT, TWODANT, TWO-
HEX, TWODANT/GQ, and THREEDANT — Methods Manual” starting on page 12-1.

The Solver Module is essentially a free-standing entity, and input to and output from the
module is in the form of binary files together with limited printed output. The binary
interface files used as input to the Solver Module are listed in Table 13.1. The files
required for execution of the module are a GEODST standard interface file together with
the code-dependent interface files MACRXS or A.D.TMAC, ASGMAT, and SOLINP.
Optional files, which may be input to the Solver Module, are the standard interface files
SNCONS, RTFLUX or ATFLUX, RNIFLUX or AMFLUX for TWODANT or
THREEDANT, and FIXSRC.

The output horn the Solver Module always consists of the scalar flux standard interface
file RTFLUX (or A~UX if an adjoint problem were run), the standard interface file
SNCONS, and user-selected printed output. If desked by the user, the angular flux stan-
dard interface file RAFLUX (or AAFLUX, if an adjoint problem were run) will be pro-
duced. If an inhomogeneous source problem were run, a FIXSRC standard interface file
would be produced. If desired by the user, the angular flux moments code-dependent
interface file RMFLUX (or AMFLUX, if an adjoint problem were run) would be pro-
duced.

Edit Module

The function of the Edit Module is to produce the printed edit-output selected by the
user. Edit-output refers to information which is obtained from data contained on one or
more interface files but which generally requires manipulating or processing of the data.
An example of the edit-output is a microscopic reaction-rate distribution, 0$, where~

is a particular muh.igroup, microscopic cross section for a particular isotope or nuclide
and @ is the multigroup scalar flux distribution obtained from the Solver Module. In this
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example, data from both a cross-section interface file and a scalar flux tie are required to
be recovered and multiplied, and the product printed.

The Edit Module is an essentially free-standing module accepting only interface files as
input and producing printed output. The required input files for execution of the Edit
Module are the code-dependent binary interface file EDITIT and the standard interface
files RTFLUX (or ATFLUX) and GEODST as shown in Table 13.1. Optional input files
are the standard interface files NDXSRF and ZNA~N and the code-dependent files
SNXEDT and ASGMAT. The code-dependent files are produced by the Input Module.
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al PIECEWISE EXECUTION

As previously described, each code in the package is comprised of three major function-
ally independent modules: the Input Module, a Solver Module, and the Edit Module.
The modules are linked solely by means of binary interface files. The Input Module pro-
cesses any and all card-image input and, if required, generates the binary interface files
for use by the Solver and/or Edit Modules. The Input Module itself is constructed in a
modular form and thus is comprised of submodules, each of which performs a unique
function related to the generation of certain binary interface files. The Solver Module
accepts the appropriate interface files produced by the Input Module (or any other com-
puter code capable of producing such interface files), performs the transport calculation,
and generates standard interface flux files for use by the Edit Module (or other computer
codes). The Edit Module accepts the appropriate standard and code-dependent interface
files and performs cross-section and user-input response function edits.

With the modular construction of the code package and the interface file linkage
between modules and submodules, there is a great deal of flexibility provided in the exe-
cution flow of a particular computer run. For example, the processing of the inpu~ the
execution of the transport solution, and the editing of the results of the solution can be
effected as three separate and distinct computer runs and not as a single (perhaps expen-
sive) run. All that need be done is to save the appropriate interface files from each par-
tial execution run and to make these files available to the module to be executed in the
next partial execution. This mode of operation enables the user, for example, to process
his problem input specification (mixing of nuclides, cross-section preparation, geometry
specification, etc.,) and to analyze his input before committing it to the Solver Module.
If errors are discovered in, say, the geometry specification, the user can correct the errors
in the card-image input and simply rerun the geometry-related submodule of the Input
Module. When certain that the input is correct, the user can then execute the Solver
Module. Following the successful running of the Solver Module, one or more execu-
tions of the Edit Module can then be independently made.

In this chapter are provided details for controlling the execution of selected modules and
submodules in the code package.

Module Execution Control

The execution of each of the three major modules in the code package (Input, Solver,
and Edit Modules) can be independently controlled as described below.

1. Input Module Execution Control.

The Input Module may be thought of as an interface file generating module. It
processes card-image input and creates binary interface files as shown in a previ-
ous table. Accordingly, if any Block-II through Block-VI card-image input is
provided, the Input Module will be executed and the appropriate interface files
created.
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The execution of the Input Module will be suppressed if there is no card-image
input provided other than B1ock-I input. If the Input Module is not executed,
none of its interface files will be created in that execution of the code.

2. Solver Module Execution Control.

Execution of the Solver Module will be attempted if both the following condi-
tions are met: (i) a SOLINP binary interface file exists and is available to the
Solver Module, and (ii) the Block-I input parameter NOSOLV is zero.

The Solver Module will not be executed if the Block-I input parameter NOSOLV
is set to unity.

Alternatively, since the Input Module creates the SOLINP interface file solely
from card-image input provided in Block-V of the input, the user can suppress
the execution of the Solver Module by simply omitting all Block-V data from the
card-image input and ensuring that there is no other SOLINP file present.

3. Edit Module Execution Control. Execution of the Edit Module will be attempted
if both of the following conditions are met: (i) an EDITIT binary interface file
exists and is available to the Edit Module and (ii) the Block-I input parameter
NOEDIT is zero.

The Edit Module will not be exeeuted if the Block-I input parameter NOEDIT is
set to unity.

Alternatively, since the Input Module creates the EDITTI’ interface file solely
from card-image input provided in Block-VI of the input, the user can suppress
the execution of the Edit Module by simply omitting all Block-VI data from the
card-image input and ensuring that there is no other EDITIT file present.

Submodule Execution Control (File Generation Suppression)
A.. f

The Input Module is constructed in submodular form. Each submodule has a unique
interface file-creation function, and each has its associated card-image input. Also asso-
ciated with each submodule is a Block-I input flag to turn off, or suppress, the execution
of that submodule. The control of the execution of the Input Module submodules is
described below.

1. Geometry Submodule Execution Control.

The geometry submodule creates a GEODST standard interface file* from the
Block-II card-image input data described in any of the User’s Guides. This sub-
module will be executed and a GEODST file created by (i) setting (or defaulting)
the Block-I input parameters NOGEOD to zero and (ii) providing Block-II input
data in the card-image input “deck” or file.
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The geometxy submodule will not be executed (no GEODST file will be created)
if (i) the Block-I input parameter NOGEOD is set to unity or (ii) all Block-II
input is omitted from the card-image input “deck.”

2. Mixing Submodule Execution Control.

The mixing submodule creates the standard interface files NDXSRF and
ZNATDN1 fi-om the Block-IV card-image input data found in the MATLS array
and, optionally, the PREMIX array as described in a User’s Guide.

The mixing submodule will be executed and the NDXSRF and ZNATDN files
created by both (i) setting (or defaulting) the Block-I input parameter NOMIX to
zero and (ii) providing card-image input through the MATLS array in Block-IV.

The mixing submodule will not be executed if (i) NOMIX is set to unity or (ii)
the MATLS input array is omitted from the Block-D/ card-image input or (iii)
LIB= MACRXS or LIB= MACBCD in Block-III.

3. Assignment-of-Materials-to-Zones Submodule Execution Control.

The assignment-of-materials-to-zones submodule creates the code-dependent
interface file ASGMAT from the Block-IV card-image data found in the
ASSIGN array. Details on the assignment of materials to zones are given in the
User’s Guides.

This submodule will be executed and the ASGMAT file created by both (i) set-
ting (or defaulting) the Block-I input parameter NOASG to zero and (ii) provid-
ing card-image input through the ASSIGN array in Block-IV.

The submodule will not be executed (no ASGMAT file created) if either (i) the
Block-I input parameter NOASG is set to unity or (ii) the ASSIGN input array is
omitted from the Block-IV card-image input.

4. Working-Cross-Section-File Submodule Execution Control,

The working-cross-section-file submodule creates the code-dependent interface
files MACRXS and SNXEDT.

The working-cross-section-file submodule will be executed and the MACRXS
and SNXEDT files created if both the following conditions are meh (i) the
Block-I input parameter NOMACR is set (or defaulted) to zero, and (ii) the
Block-111 input parameter LIB is not specified as LIB= MACRXS or LIB=
MACBCD.

The submodule will not be executed (no MACRXS and SNXEDT files created)
if either (i) the Block-I input parameter NOMACR is set to unity or (ii) the
Block-III input parameter LIB is specified as LIB= MACRXS or LIB=
MACBCD.
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Since the formation of the working cross-section files MACRXS and SNXEDT
can be quite time-consuming for large multigroup cross-section libraries, it is fre- ●
quently advantageous to save the calculationally ordered MACRXS and
SNXEDT files created in one run for use in subsequent runs. Through the use of
the NOMACR parameter in Block-I or the LIB= MACRXS parameter in
Block-IJI of the input, the user can easily suppress there-execution of the work-
ing-cross-section-file submodule in subsequent code executions.

5. SOLVER-Input-File Submodule Execution Control.

The Solver-input-file submodule processes the Block-V card-image input and
creates the code-dependent interface file SOLINP for use by the Solver Module.

This submodule will be exeeuted and the SOLINP file created if both (i) the
Block-I input parameter NOSLNP is set (or defaulted) to zero and (ii) Block-V
card-image input is supplied.

The Solver-input-file submodule will not be executed (no SOLLNP file created) if
either (i) the Block-I input parameter NOSLNP is set to unity or (ii) all Block-V
card-image input is omitted from the input “deck.”

6. Edit-input-File Submodule Execution Control,

The EDIT-input-file submodule processes the Block-VI card-image input and
creates the code-dependent interface file EDITIT for use by the EDIT module of ●
DANTSYS.

The EDIT-input-file submodule will be executed and the EDITIT file created if
both (i) the Block-I input parameter NOEDTT is set (or defaulted) to zero and (ii)
Block-VI card-image input is supplied.

This submodule will not be exeeuted (no EDITIT file created) if either (i) the
Block-I input parameter NOEDTT is set to unity or (ii) all Block-VI card-image
input is omitted from the input “deck.”

7. Adjoint-Reversal Submodule Execution Control.

The adjoint-reversal submodule processes the MACRXS code-dependent cross-
sect.ion interface file and creates the code-dependent interface file ADJMAC, the
adjoint-reversed counterpart to the MACRXS file. This is described in “Adjoint
Computations” on page 7-37.

The adjoint-reversal submodule will be executed if both (i) the Block-I input
parameter NOADJM is set (or defaulted) to zero and (ii) the Block-V input quan-
tity ITH is set to unity.
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The submodule will not be executed (no ADJMAC file created) if either (i) the
Block-I input parameter NOADJM is set to unity or (ii) the Block-V input quan-
tity ITH is set to zero.
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e STACKED RUNS

It is possible to run more than one problem in a single execution of the code by stacking
the problem-specification input “decks.” In the context of this discussion the term
“deck” refers to all card-image input necessary for a problem. To run more than one
problem, the input file is created with two or more problem decks separated from one
another by a single card-image record containing the entry

] eof

beginning in column 1. Thus, a single input file containing the specification decks for
three separate problems would be constructed as follows:

Problem 1 “deck”
]eof
Problem 2 “deck”
]eof
Problem 3 “deck”

The code output for each of these problems will appear consecutively in a single output
file.

Caution: Nonunique interface files created in one problem (for example, an RTFLUX
scalar flux file) will be overwritten and lost when the next problem in the stack is exe-
cuted.

Should a fatal error occur in a problem, the input for any remaining problems will be
ignored.
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o INPUT ERRORS

A comprehensive error-checking capability has been provided in the DANTSYS code
package. Most of the checks are in the Input Module to ensure that the input data are
correct, insofar as the code can determine, before execution of the problem commences.
Other checks are made in the Solver and Edit Modules to ensure that the modules are
executing the desired problem properly.

Input errors will cause the run to terminate before entering the Solver Module. But one
important feature of the error diagnostics in the Input Module is that an error will nor-
mally not cause an immediate termination. Instead, the code will attempt to process the
remaining data in the offending input Block and/or in remaining input Blocks. Only
after all remaining input has been processed (if possible) will the run will be terminated.

Error messages are normally provided in at least two places in the output. The fist error
message is printed at the time that the error was detected by the code. Such messages
will be irnbedded in the printed output, but they are clearly marked for easy spotting.
The second error message will normally occur in the RUN HIGHLIGHTS provided at
the end of the printed output. These RUN HIGHLIGHTS provide a printed summary of
the code package execution. The user is encouraged to always check the RUN HIGH-
LIGHTS following a run to quickly ascertain if the completed run did what it was sup-
posed to.

Examples of Errors and Resulting Messages

Several examples of common input errors and the resulting error message printouts are
provided below.

samde Error 1. Misspelled Irmut Arrav Name

A common input error is that of misspelling the name of an input array. In this example,
the Block-11 card-image input array XMESH has been misspelled as XMESSH. The
Input Module is thus presented with an unrecognizable and undefined array name result-
ing in the following error message:

*error * card 7 *2 4 6 8(1)2
xmessh. O .0

*error* array name xmessh array

*error* columns

undefined array

2-8

name

4 6 8(2)2 4 6 8(3)2 4 6 8(4)2
5.0 xints=5 zones=l t

number -1
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The first line of the error message indicates that an error was found on input card 7. This
is followed by the card-image column numbers. Directly below this, the card-image is
reproduced. The third line indicates that the array name XMESSH is in error and that
this array has been given a number -1. (Acceptable arrays are given positive integer
identification numbers by the code.) The next line says that the error occurred in col-
umns 2 through 8 on the card-image. Finally, the message that the array name is unde-
fined is provided.

This error is severe enough that further processing of the input is not attempted and no
RUN HIGHLIGHTS are produced.

_le Error 2. ~ut Block Terminator Omitted

As described in the chapter “FREE FIELD INPUT REFERENCE” starting on page 9-
1, each card-image input Block must be terminated with a delimited T, the Block termin-
ator. In this example this terminal “T” has been omitted from the end of the Block-I
card-image input. The offending portion actual card-image input for this case is shown
below.

****************** ****************** *********************** ***********
*
* . . . listing of cards i-n the input stream. . .
*

*1.20
* 2. Sample ONEDANT input to display error messages
* 3. Error 2 Terminal ‘t” omitted from Block I
* 4. /************************ B L O C K I **********************

* 5. igeom.slab ngroup=3 O isn=8 niso=16 mt=l nzone=l im=l it=5
* 6. /************************ B L ()CJK II *************?********

* 7. xmesh.O. O 5.0 xints.5 zones=l t
* 8. /************************ B L O C K III **********************

* 9. lib= bxslib t
* 10. /************************ B ~ O C K lV **********************

* 11. rnatls.matt 92235.50 assign= matls t
*
****************** ****************** ****************** ****************

Note that there is no delimited Tat the end of line 5. As a result of this omission the fol-
Iowing message is printed:

***************** ********************* ****************** **************

***error** Cwrmt block contains arrays belonging to other blocks
******************** *** ****************************************** *****

*
* no. of from
* arrays block
*
* i
* : ii
* o iii
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* o iv
* o v
* o vi

**************** **************** **************** **************** ******

,***error** fi block identification
***************** ****************** ******************* ****************

The first line of the message indicates that the Input Module has finished reading the
card-image input that it thinks belongs in Block-I. (The code has actually read the 8
array entries on line 5 of the input but has continued reading until it found the terminal T
following the three array entries belonging to Block-II on line 7 of the input.) The sec-
ond line of the error message indicates that arrays that do not belong in Block-I have
been found. Next is printed a table indicating that eight arrays from Block-I and three
from Block-II were discovered in the Block-I card-image reading process. The final
error message of an error in Block identification is self-explanatory.

It should be noted that when arrays from other Blocks are found in any given Block, the
code will terminate execution immediately and no RUN HIGHLIGHTS are provided.

~amD le Error 3. Invalid Entrv for Block-I Irmut Parameter.

As described in any of the user’s guides under “Block-I Details: Dimensions and Con-
trols ,“ certain card-image input is always required in Block-I for a DANTSYS code
execution. Specifically, the eight parameters IGEOM, NGROUP, ISN, NISO, MT,
NZONE, IM, and IT are required to be entered as positive integers for ONEDANT. In
this example, one of these parameters, IM, has been incorrectly entered with a value of
zero. It should be noted that if one of these parameters is omitted altogether, the code
will default its value to zero.

The code prints the following fatal error message:
***************** ****************** ***************** ******************

***error** block i entry .le. zero
***************** ***************** ****************** **************** **

* im

The message is self-explanatory. No RUN HIGHLIGHTS are provided when Block-I
input errors are encountered.

samrde Error 4. Incorrect Number of Entries in an Irmut Arrav.

Several input arrays available as input to DANTSYS require a predetermined number of
entries. In this example the XINTS array in the Block-II card-image input was provided
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with only four entries instead of the five it should have had. The error message provided
by DANTSYS is shown below.

********************* ****************** ***************** **************

***error** fine mesh specs.ne.it
**********************************************************************

The error message is self-explanatory.

In this case the remaining blocks of input data were successfully processed and the RUN
HIGHLIGHTS are provided asshown below.

***************** ***************** ******
* *
* all modules are tentatively go. *
* **W~le to write good geodst file** *
* cross sections from cards. *
* interface mixing files written. *
* interface file asgmat written *
* xs files macrxs,snxedt written. *
* *left boundary condition overridden* *
* interface file solinp written. *
* edit module execution suppressed. *
* neither editit nor edit cards exist.*
* ** fatal input errors ** *
* *
***************** ***************** ******

Note that the fatal XINTS error prevented the code from creating the necessary
GEODST interface file. Therun was thus terminated after the remaining input data
were processed.

_leError5. MisDlaced ArravIdentifier,

As discussedin the chapter “FREEFIELDINPUTREFERENCE” startingonpage9-
I, arrays inthecard-image input areidentified byaHollerithname oranumberimmedi-
atelyfollowed by anarrayidentifier -an equals(=) sign,adollar($) sign,oranasterisk
(*). The array identifier is required so that the code can recognize that the array name or
numbris indeed mmayname ornumber andnotan or&nq data item. Inthis sample
a blank was inadvertently placed between the array name (ASSIGN) and the array iden-
tifier (=). The resulting message is shown below.

The first line of the message indicates that an error was found on input card 12 and is
followed by the card-image column numbers. Directly below this, the card-image is
reproduced. The third line indicates that the error was detected in column 32 of the
card-image and the fourth line provides the self-explanatory message that a blank was
found preceding the array identifier.
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*error* card 12 *2 4 6 8(1)24 68(2)24 6 8(3)2 4 68(4)2 4 6
matls=matt 92235.50 assign =matls t

*error* columns 32 – 32

**error**blank preceding an array identifier=, $, or *)
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o
{COMMENTS REGARDING MULTIPLE ERRORS

As a result of the Input Module’s attempt to continue processing card-image input after a
fatal error has been detected, it is possible for multiple errors to be diagnosed and for
multiple error messages to be printed.

When multiple error messages are printed, the user should check to see if one or more of
the errors was due to a preceding error. In other words, a particular input error may
cause a chain reaction of other errors. For example, suppose that the entry IT were inad-
vertently omitted from the Block-I input. The code will thus record a value of IT= O.
An otherwise correct entry for the XINTS array in Block-n, however, will now appear
incorrect to the code since the code checks to see if

IM

z
XINTS (Z) = IT ,

z=]

and a message to the effect that the fine-mesh specifications (XKNTS array) is not equal
to IT will be printed. The user is thus advised to review multiple error messages starting
with the first message printed in order to determine which errors are independent of
other errors and which are results of a preceding error.
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IMPLEMENTATION ERRORS

A message from the code referring to an implementation error is intended to reflect a
problem with the code implementation or coding and not to reflect an input error. This
wiLl normally require the intervention of a programmer. In some cases, it means there is
a memory storage problem.

As previously mentioned, an implementation error should not be caused by an input
error. However, some input errors can, after the error is detected and an error message
printed, ultimately cause an implementation error message before aborting. So if the
implementation error message is preceded by an input error message, the implementa-
tion error message may be ignored.
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{

WARNINGS

Warning messages are less severe than error messages and will not cause the run to ter-
minate. They do indicate that a check in the code has found something peculiar. It thus
behooves the user to look at the provided information to determine if the code was per-
forming as the user intended. An example of such a warning that can be caused by an
anomaly in the input is when the user supplies explicitly a left boundary condition for a
curvilinear geometry where the implicit left boundary is reflective. The warning mes-
sage will indicate that the input value was overridden.

As with error messages, warning messages from the code will occur in two different
places in the printed output. Some will appear as they are detected. Some will appear in
the Run Highlights where they will be found surrounded by single asterisks. Double
asterisks surround error messages in the Run Highlights. Thus, the more asterisks, the
worse the condition.

During the course of the problem iteration, warning messages may appear in the itera-
tion monitor. Although succinct, these are usually self explanatory. These may or may
not be due to subtle input errors of some sort. A discussion of these for each of the solv-
ers is found in “Iteration Monitor Print” on page 7-21.
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INTRODUCTION

This chapter documents the detailed structure of all the files possibly used by the
DANTSYS package. Included are input files, output files, and interface files, all of
which are files that, once created, persist after the execution of the code is completed.
Scratch files, which do not persist after execution, are not included.

Some of these files are ASCII text and some are binary sequential files. ASCII text files
are used for the problem input file, some cross-section files, and some output files.
Binary sequential files are used for all of the interface files and some of the input and
output files.

File usage history, that is, where files are created and/or where they are read, is not doc-
umented here. See “CODE PACKAGE STRUCTURE” on page 13-9 for that.
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4ASCII FILES

Problem Input File

The input that describes the problem to be solved is code dependent and is the subject of
the various Users’ Guides in this document, which see. For instance, the TWODANT
User’s Guide describes the problem input for the TWODANT code.

Cross-Section Library Files

Cross sections may be provided in ASCII text form via the XSLIB, XSLIBB, or
MACBCD files, or they may be embedded in the input file. See “COUPLED NEU-
TRON-GAMMA CROSS SECTIONS” on page 10-15 for a detailed description of these
files.

EDTOUT

EDTOUT is a special ASCII file optionally prepared by the Edit Module of DANTSYS
containing geometric and edit information which can be selectively processed by the
user. This description of the EDTOUT file describes the format and construct of the file.
The term “section” shall be used to refer to grouped data. The term “card image” or
“card” shall be used in the same context that was described on page 9-13.

1. NUMBER-OF-lTl%E-RECORDS (CARDS) SECTION (Format 16)

This card contains the single number NTITLE, where NTITLE is the number of
title records included in the file.

2. TITLE CARD SECTION (Format 10A8)

The title cards from the problem input are given as individual records. This sec-
tion is read as follows:

DIMENSION HTITLE (10, NTITLE)
DO 10 N=l, NTITLE
READ (NINP,20) (HTITLE(I, N) , I=1,1O)

10 CONTINUE
20 FOWT (10A8 )

3. EDIT SPECIFICA~ON SECTION (Format 1216)

The edit specification section is a single card-image containing those parameters
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needed to process the edit-related data sections. The entries in this section are
ordered as follows: m

a.

b.

c.

d.

e.

f.

g“

h.

i.

j“

k.

IZNED Zone Edits present? O/l=no/yes

NZNS Number of Edit Zones

IPTED Point Edits present? O/l=no/yes

NIPES Number of points for point edits. -l/O/n = all points / no
points / selected points

NEDISO Number of isotopes selected for edits. (Corresponds to EDISOS
edits in DANTSYS)

MACRO Number of mixed macroscopic cross sections seleeted for edits.
This corresponds to number of EDMATS entries PLUS the number of
RESDNT edits in DANTSYS.

NCONS Number of constituent cross sections selected for edits. This
corresponds to the number of EDCONS entries in DANTSYS

NXSTYP The number of cross-section types (positions) e.g. ABS,
NUSIGF, in the edits. This corresponds to the number of EDXS entries in
DANTSYS.

NSRF The number of response functions in the edits. This corresponds
to the number of RSFNAM values in DANTSYS.

NBG The number of Edit Broad Groups in the edits.

ISADJ Adjoint problem? 0/1 = no/yes

4. GEOMETRIC SPECIFICATION SECTION (Format 1216)

The geometric specification section contains those parameters needed to process
the geometry-related data blocks. The 12 entries in this section are ordered as
follows:

a. IDIMEN The geometry-dimension of the problem 1/2/3 = one-dimen-
sionalhwo-dimensionalhhree-dimensional

b. IGEOM Geometry of the problem. l=slab, 2=cylinder, etc.

c. IM Number of coarse radial mesh intervals

d. IT Total number of fine mesh intervals in radial direction

e. JM Number of coarse axial mesh intervals (=1 for IDIMEN>l)

f. JT Total number of axial fine mesh intervals (=1 for IDINIEN>l)

g. KM Number of coarse z mesh intervals (=1 for IDIMENc3)

h. KT Number of fine z mesh intervals (=1 for IDIMENc3)

i. NDUM1 Not used

j“ NDUM2 Not used
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k. NDUM3 Not used

1. NDUM4 Not used

ASIDE: In order to simplify the dimensions of some of the following data
blocks, let us define the following internal parameters in terms of the preceding
parameters found on the EDTOUT file:

a. NBGP1 = NBG + 1

b. NXSTOT = NEDISO + MACRO+ NCONS. Note that an index I that runs
from 1 to NXSTOT runs in the order indicated, namely isotopes, then mixed
macroscopic, then constituents.

c. IMPl=rM+l

d. JMP1=JM+l

e. ITP1=IT+l

f. JTP1=JT+l

g. KMP1=KM+l

h. KTP1=KT+l

i. NTPE = a parameter which reflects the actual number of edit points. It
assumes the following value as determined by the parameter NIPES:
NIPE = IT*JT*KT, if NIPES .LT. O,
NIPE = O, if NIPES .EQ. O,
NIPE=NIPES, if NIPES .GT. O

DATA BLOCKS

In reading the following data blocks, the user must assign data to be read to its
own storage as defined by the parameters just defined. For the following data
blocks we will give only a generic name for the data, the number of words in the
data block, and the format-type of the block. REAL, INTEGER, and CHARAC-
TER*8 data blocks are required. The presence or absence of a block will be indi-
cated below by the IFF (if and only if) notation.

END ASIDE

5. GROUP ENERGY BOUNDS SECTION

ENERGY (NBGP1), 6E12

Using the data block ENERGY as an example, the block is to be read as
follows:

DIMENSION ENERGY (NBGP1 )
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READ (NINP,400) ENERGY
400 FORMAT(6E12.5)

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

POINTS EDITED SECTION ~ (NIPES .GT. O)]

KPT (NIPE) , 1216

COARSE RADIAL MESH BOUNDARIES SECTION

XMESH (IMPl) , 6E12

NUMBER OF FINE RADIAL MESHES PER COARSE MESH SECTION

IHX (IM) , 1216

COARSE AXIAL MESH BOUNDARIES SECTION [IFF (1.DIMEN .GT. 1)]

YIvIESH (JMPl) , 6E12

NUMBER OF FINE AXIAL MESHES PER COARSE MESH SECTION

~ (IDIMEN .GT. 1)]

IHY (JM) , 1216

COARSE Z MESH BOUNDARIES SECTION ~ (IDIMEN .GT. 2)]

ZMESH (KMPl) , 6E12

NUMBER OF FINE Z MESHES PER COARSE MESH SECTION

~ (IDIMEN .GT. 2)]

IHZ (KM), 1216

ZONE VOLUMES SECTION ~ (NZNS .GT. O)]

VZ (NZNS) , 6E12

NAMES OF ISOTOPES SECTION [IFF (NEDISO .GT. O)]

HISO (NEDISO) , 9A8

N-OF MACROSCOPIC-EDITS SECTION ~ (MACRO .GT. O)]

HMACR(MACRO) , 9A8

NAMES OF CONSTITUENTS SECTION ~ (NCONS .GT. O)

HCONS (NCONS) , 9A8

NAMES OF CROSS SECTION EDIT-TYPES ~ (NXSTYP .GT. O)]

HXSTY (NXSTYP) , 9A8

NAMES OF RESPONSE-FUNCTIONS SELECTED ~ (NRSF .GT. O)]
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HRSF (NRSF) , 9A8

19. ZONES REACTION RATES SECTION ~ (IZNED .GT. O)]

A. CROSS-SECTION REACTION RATES SECTION
~ (NXSTOT*NXSTYP .GT. O)]

XSZN (NBGP1,NZNS,NXSTYP,NXSTOT) , 6E12

This section is to be read as follows:

20
30
40

400

B.

20
30

400

DIMENSION XSZN (N13GPl,NZNS ,NXSTYP ,NXSTOT)
DO 40 L=l,NXS’TOT
DO 30 K=l, NXSTYP
DO 20 J=l, NZNS
READ (N1NP,400) (XSZN(I, J,K,L) , 1=1,NBGPI)
CONTINUE
CONTINUE
CONTINUE
FORMAT (6E12 .5)

RESPONSE-FUNCTION REACTION RATES SECTION~ (NRSF
.GT. O)]

RSZN (NBGP1,NZNS,NRSF) , 6E12

This section is to be read as follows:

DIMENSION RSZN (NBGP1 ,NZNS ,NRSF )
DO 30 K=l, NRSF
DO 20 J=l, NZNS
~ (NINp,400) (RSZN(I, J,K) , 1=1,NBGP1)
CONTINUE
CONTINUE
FORMAT (6E12 .5)

20. POINT REACTION RATES SECTION ~ (NTPE .GT. O)]

A. CROSS-SECTION REACTION lWI’ES SECTION
~ (NXSTOT*NXSTYP .GT. O)]

XSPT (NBGP1,NIPE,NXSTYP,NXSTOT) , 6E12

This section is to be read as follows:

DIMENSION XSPT (NBGP1 ,NIPE ,NXSTYP ,NXSTOT)
DO 40 L=l ,NXSTOT
DO 30 K=l, NXSTYP
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DO 20 J=l,NIPE
READ (NINP,400) (XSPT(I,J,K,L), I=l,NBGP1)

20 CONTINUE
30 CONTINUE
40 CONTINUE

400 FORNAT(6E12.5)

B. RESPONSE-FUNCTION REACTION IWTES SECTION
~ (NRSF .GT. O)]

RSPT (NBGP1,NIPE,NRSF) , 6E12

This section is to be read as follows:

DIMENSION RSPT (NBGP1 ,NIPE, NRSF)
DO 30 K=l,NRSF
DO 20 J=l, NIPE
READ (NINP,400) (RSPT(I, J,K) , 1=1,NBGP1)

20 CONTINUE
30 CONTINUE

400 FORMAT (6E12 .5)

15-12 FLLEDESCRIPTIONS Version3.0



ASCIIFILES EDTOOX

EDTOGX

EDTOGX is a special ASCII file optionally prepared by the Edit Module of DANTSYS
containing geometric, fission source, and scalar flux information which can be selec-
tively processed by the user.

This description of the EDTOGX file describes the format and construct of the file. The
term “section” shall be used to refer to grouped data. The term “card image” or “card”
shall be used in the same context that was described on page 9-13.

1. NUMBER-OF-TITLE-RECORDS (CARDS) SECTION (Format 16)

This card contains the single number NTITLE, where NTITLE is the number of
title cards included in the file.

2. TITLE CARD SECTION (Format 10A8)

The title cards from the problem are given as individual records. This section is
read as follows

DIMENSION HTITLE (10, NTITLE )
DO 10 N=l ,NTITLE
READ (NINP,20) (HTITLE(I, N) , 1=1,10)

10 CONTINUE
20 FORMAT (10A8 )

3. SPECIFICATION SECTION (Format 1216)

The specification section is a single card-image containing those parameters
needed to process the data sections. The 12 entries in this section are ordered as
follows: -

a. IDIMEN The geometry dimension of the
sional/two-dimensional/three-dimensional

problem 1/2/3 = one-dirnen-

b. ISADJ

c. NGROUP

d. IM

e. IT

f. JM

g. JT

h. KM

i. KT

Adjoint problem? , 0/1 = no/yes

Number of energy groups

Number of radial coarse mesh intervals

Total number of radial fine mesh intervals.

Number of axial coarse mesh intervals (=1 for IDIMENc2)

Total number of axial fine mesh intervals (=1 for IDIMENc2)

Number of z coarse mesh intervals (=1 for IDIMENc3)

Total number of z fine mesh intervals. (=1 for IDIMENc3)

j“ IFISS Fission source array present? 0/1 = no/yes

k. IGEOM Geometry of the problem. l=slab, 2=cylinder, etc.
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1. IADDFX Scalar fluxes present? 0/1 = yes/no

ASIDE: In order to simplify the dimensions of some of the following data
blocks, the following four internal parameters are defined in terms of the pre-
ceding parameters found on the EDTOGX file:

a. IMP1=IM+l

b. JMP1=JM+l

c. KMP1=KM+l

d. IMJMKM = IM*JM*KM (Total number of coarse mesh intervals)

e. ITJTKT = IT*JT*KT (Total number of fine mesh intervals)

DATA BLOCKS

In reading the following data blocks, the user must assign data to be read to its
own storage as defined by the parameters just defined. For the following data
blocks we will give only a generic name for the data, the number of words in the
data block, and the format-type of the block. REAL, INTEGER, and CHARAC-
TER*8 data blocks are required. The presence or absence of a block will be
indicated below by the IFF (if and only if) notation.

END ASIDE

4’. IWDIAL DATA INFORMATION

A. FINE MESH CELL-AVERAGE-RADIUS SECTION

RDAVG (IT), 6E12

This section is to be read as follows:

DIMENSION RDAVG (IT)
READ (NINP, 400) RDAVG

400 FORMAT (6El2.5)

B. NUMBER OF RADIAL-FINE-MESHES-PER-COARSE MESH SEC-
TION

IHX (lM) , 1216
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a C. COARSE MESH RADIAL BOUNDARIES SECTION

XMESH (WI), 6E12

5. AXIAL DATA INFORMATION ~ (IDIMEN .GT. 1)]

A.

B.

c.

FINE MESH CELL-AVERAGE-AXIAL-POSITION SECTION

ADAVG (JT) , 6E12

NUMBER OF AXIAL-FINE-MESHES-PER-COARSE MESH SECTION

IHY (JM) , 1216

COARSE-MESH-AXLAL-BOUNDARIES SECTION

YMESH (JMPl) , 6E12

6. Z DATA INFORMATION ~ (IIXMEN .GT. 2)]

A. FINE MESH CELL-AVERAGE-Z-POSITION SECTION

ZDAVG (KT) , 6E12

B. NUMBER OF Z-FINE-MESHES-PER-COARSE MESH SECTION

IHZ (KM), 1216

C. COARSE-MESH-Z-BOUNDARIES SECTION

ZMESH (KIWI), 6E12

7. ZONE NUMBERS-BY-COARSE-MESH-INTERVAL SECTION

IDCS (IM.JMKM) , 1216

8. FISSION-SOURCE-WYI13 SECTION ~ (IFISS .GT. O)]

FISRT (ITJTKT) , 6E12

9. SCALAR FLUX SECTION ~ (IADDFX .EQ. O)]

FLUX (ITJTKT,NGROUP) , 6E12

This section is to be read as follows:

DIMENSION FLUX (ITJTKT ,NGROUP )
DO 10 J=l ,NGROUP
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READ (NINP,400)
10 CONTINUE

400 FORMAT(6E12.5)

FLUX(I,J) , I=l,ITJTKT)
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e ARBFLUX

The ARBFLUX file is a special ASCII file containing the angular fluxes for each fine-
mesh boundary in a specified plane in the problem. This file is optionally output from
TWODANT only and can be used to restart the problem as a boundary source calcula-
tion (see page 3-52). The ARBFLUX file consists of up to four subfiles, one each for
ASRITE, ASBOTT, ASTOP, and ASLEFT. Each subfile is composed of two sections,
where the Angular Flux Data Section is repeated NGROUP*JT times for the ASLEFI’
and ASRITE subfiles, and NGROUP*IT for the ASBO1’T and ASTOP.

1. TITLE CARD SECTION (Format A72)

This card identifies the direction of the angular flux (in-going for ASLEFT, out-
going for ASRITE, down-going for ASBOTT, and up-going for ASTOP), and the
plane it was written from.

2. ANGULAR FLUX DATA SECTION (Format 6(1x, lpel 1.5))

This section contains mm*2 values of the angular boundary flux for a given cell
and energy group. The ordering of the angles and quadrants is consistent with
that required for inputting a full angular boundary source (see page 3-59).

The string separator (Format lx, ‘;’) necessary for DANTSYS array input is writ-
ten in a separate line. The string separator is output at the end of every Angular
Flux Data Section in a subfile, except after the last entry.
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● (STANDARD INTERFACE FILES

DANTSYS makes use of interface files to transmit data between and within its modules.
These interface files are binary, sequential data files.

These files are of two types, standard or code-dependent. Standard interface files are
interface files whose structure and data-content formats have been standardized by the
Committee on Computer Code Coordination (CCCC). Code-dependent interface files
are files whose structure and data-content formats have not been standardized.

The following CCCC standard interface files are accepted, created, or otherwise used in
DANTSYS: ISOTXS, GRUPXS, GEODST, NDXSRF, ZNATDN, SNCONS, FIXSRC,
RTFLUX, A~UX, RAFLUX, AAFLUX and RZFIIJX. File descriptions for these
files are provided in Ref. 3.
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CODE DEPENDENT INTERFACE FILES

DANTSYS makes use of interface files to transmit data between and within its modules.
These interface files are binary, sequential data files.

These files are of two types, standard or code-dependent. Standard interface files are
interface files whose structure and data-content formats have been standardized by the
Committee on Computer Code Coordination (CCCC). Code-dependent interface files
are files whose structure and data-content formats have not been standardized.

The following code-dependent binary interface files are used in all of the codes in the
DANTSYS package: MACRXS, SNXEDT, ADJMAC, ASGMAT, SOLINP, and
EDITIT.

Other code-dependent binary files provided solely as output from DANTSYS, but
intended to serve as interfaces to other codes or as input to subsequent runs of the same
code, are the UCFLUX, BXSLIB, RMFLUX/AMFLUX, RZMFLX, RAFLXM/
AAFLXM, and FISSRC files.

An extended GEODST, capable of describing the more complicated geometries used by
the TWODANT/GQ code, is normally produced in a run of that code. The standard
GEODST is a subset of this extended GEODST. This extended version, then, is a code
dependent file and is listed here. TWODANT/GQ also writes a GEOSING file which is
in extended GEODST format and is simply the GEODST file with a single submesh
describing the calculational mesh domain. It is used solely to communicate with the
EDIT module, although it is also useful for postprocessing.

In this section are provided the file descriptions and a brief description of function for
these code-dependent binary files. The file descriptions follow the format used for the
standard interface file descriptions in Ref. 1 and Ref. 2.
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AAFLXM for TWODANT

The AAFLXM file is a binary, code-dependent file containing the adjoint angular fluxes
at each fine-mesh boundary. It differs from the standard adjoint angular flux file
AAFLUX only in that the fluxes are in different angular order. In &WLXM, the fluxes
are in calculational order according to the sweeping; i.e., angles for each level of a quad-
rant.

c**** ***** ***** ***** ***** ***********************************************

c REVISED 11/30/76
c
CF AAFLUX-IV
CE ADJOINT ANGULAR FLUX
c
c**** ***** ***** ***** ***** ***********************************************

CD ORDER OF GROUPS IS ACCORDING TO INCREASING
CD ENERGY . SINCE THE DIRECTION NUMBERS M=l, NDIR
CD ARE THOSE GIVEN IN THE SNCONS FILE, THE DATA
CD AS READ FROM THIS FILE IS FOR THE REFLECTED
CD DIRECTIONS . NB: THE ORDER OF THE ANGLES IS
CD THE SAME AS THE SWEEP ORDER, BY LEVELS FOR
CD EACH QUADRANT.
c-----------------------------------------------------------------------
c
c----------------------------------------------------------------------
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
c

FILE STRUCTURE

RECORD TYPE
-------—----———-—-——-—-— x= ==.=== ==== ======
FILE IDENTIFICATION
FILE CONTROL

*************(~I~T FOR ALL GROUPS)

* (GROUP 1 IS FIRST)
* *********(~p~T FOR ALL Directions)
* * COMPUTATIONAL COSINES
* * HORIZONTAL-EDGE ANGULAR FLUX
* * VERTICAL-EDGE ANGULAR FLUX
* *********
*************

PRESENT IF
.....=E===I===

ALWAYS
ALWAYS

ALWAYS
ALWAYS
ALWAYS

c-----------------------------------------------------------------------
CR FILE IDENTIFICATION
c
CL HNAME, (HUSE(I), I=1,2),IVERS
c
Cw 1+3*MULT=NUMBER OF WORDS
c
CD HNAME HOLLERITH FILE NAME - AA.FLUX - (A6)
CD HUSE(I) HOLLERITH USER IDENTIFICATION (A6)
CD IVERS FILE VERSION NUMBER
CD MULT DOUBLE PRECISION PARAMETER
CD 1- A6 WORD IS SINGLE WORD
CD 2- A6 WORD IS DOUBLE PRECISION WORD
c
c-----------------------------------------------------------------------
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c----------------------------------------------------------------------
CR SPECIFICATIONS (1D RECORD)
c
CL NDIM,NGROUP, NINTI,NINTJ, NINTK,NDIR,EFFK ,ADUM
c
Cw 8=NUMBER OF WORDS
c
CD NDIM NUMBER OF DIMENSIONS
CD NGROUP NUMBER OF GROUPS
CD NINTI

—

NUMBER OF FIRST DIMENSION FINE MESH INTERVALS -
CD NINTJ mm OF SECOND DIMENSION FINE MESH INTERVALS.-
CD NrNTJ.EQ.l IF NDIM.EQ.1
CD NINTK NUMBER OF THIRD DIMENSION FINE MESH INTERVALS. -
CD NINTK.EQ.1 IF NDIM.LE.2
CD NDIR NUMBER OF DIRECTIONS
CD EFFK EFFECTIVE MULTIPLICATION FACTOR
CD ADUM RESERVED
c
c-----------------------------------------------------------------------

c----------------------------------------------------------------------
CR HORIZONTAL EDGE ADJOINT ANGULAR FLUX
c
CL ((HEDGE(I,J),I=NBDRYI) ,J=l,NINTJ)
c
Cw NBDRYI*NINTJ*MULTI=NUMBER OF WORDS
c
CD HEDGE(I,J) HORIZONTAL-EDGE -BOUNDARY
c
CD NBDRYI NINTI+l (NUMBER OF FIRST
CD BOUNDARIES)
L

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

ANGULAR FLUX

DIMENSION FINE

———_—__________

MESH

.----————————

c---------------------------------------------------------------------
CR VERTICAL EDGE ADJOINT ANGULAR FLUX
c
CL ((VEDGE(I,J), I=NINTI) ,J=l,NBDRYJ)
L

Cw
c
CD
c
CD
CD
c
c
c

NINTI*NBDRYJ*MULTI=NUMBER OF WORDS

VEDGE(I,J) HORIZONTAL-EDGE-BOUNDARY ANGULAR FLUX

NBDRYJ NINTJ+l (NUMBER OF SECOND DIMENSION FINE MESH
BOUNDARIES)

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

VERTICAL EDGE
————— _______

I

I HORIZONTAL EDGE

------————--

CEOF
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AAFLXM for THREEDANT

The &4FLXM file is a binary, code-dependent file containing the angular fluxes for the
adjoint flux at each fine-mesh boundary. It differs from the standard adjoint angular flux
file AAFLUX only in that the fluxes are in different order. In IW4FLXM, the fluxes are in
calculational order.

c**** ***** ***** ***** ***** **********************************************.

c DATE 3/03/95
c
CF AAFLXM
CE CODE DEPENDENT COMPUTATIONAL-ORDERED ADJOINT ANGULAR FLUX -
CE AT CELL EDGES FOR THREEDANT CODE
c
c**** ***** ***** ***** ***** **********************************************.

c-----------------------------------------------------------------------
c
c
CN THIS FILE PROVIDES THE EDGE ANGULAR FLUX AS ORDERED -
CN BY THE CODE
c
c
c-----------------------------------------------------------------------

c-----------------------------------------------------------------------
c
CD ORDER OF GROUPS IS ACCORDING TO INCREASING -
CD ENERGY. NOTE THAT DOUBLE PRECISION FLUXES ARE -
CD GIVEN WHEN MULT=2
c
c-----------------------------------------------------------------------

c-----------------------------------------------------------------------
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs

FILE STRUCTURE

RECORD TYPE PRESENT IF
——---_-.--—_----—-—---—— ==........=..= .x= . —--- = —------—-—-
FILE IDENTIFICATION ALWAYS
FILE CONTROL ALWAYS

***********ir*(REp~T FOR ALL GROUPS)

* (GROUP NGROUP IS FIRST)
* ********(~pEAT FOR ALL FRONT-GOING Directions)
* * COMPUTATIONAL COSINES ALWAYS
* * CELL BACK-EDGE ANGULAR FLUX FOR BACK PLANE
* *******
*
* *******(~p~T FOR ALL ‘z-I~ERvALs)
* (INTERVAL NINTK IS FIRST)
* * ******(Repeat FOR ~L FRo~-@~G DI~~IoNs)
* * * COMPUTATIONAL COSINES ALWAYS
* * * HORIZONTAL-EDGE ANGULAR FLUX ALWAYS
* * * VERTICAL-EDGE ANGULAR FLUX ALWAYS
* * * CELL FRONT-EDGE ANGULAR FLUX ALWAYS
* * *****
* * ******
*
* ********(REp~T FOR ALL BAcK-Go~G DIRE~IONs)

—
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Cs * * COMPUTATIONAL COSINES ALWAYS
Cs * * CELL FRONT-EDGE ANGULAR FLUX FOR FRONT PLANE
Cs * *******

Cs *
Cs * ***** **(~p~T FOR ALL z–INTERVALs)

Cs * (INTERVAL 1 IS FIRST)
Cs * * ******(REPEAT FOR ALL BACK–GOING DIRECTIONS)
Cs * * * COMPUTATIONAL COSINES ALWAYS
Cs * * * HORIZONTAL-EDGE ANGULAR FLUX ALWAYS
Cs * * * VERTICAL-EDGE ANGULAR FLUX ALWAYS
Cs * * * CELL BACK–EDGE ANGULAR FLUX ALWAYS
Cs *

—
* *****

Cs * * ******

Cs *************

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

c------------–— __________________________________________________

CR FILE IDENTIFICATION
L

CL Hlwu4E,(HUSE(I),I=1,2) ,IvERs
c
Cw 1+3*MULT=NUMBER OF WORDS
c
CD HNAME HOLLERITH FILE
CD HUSE(I) HOLLERITH USER

NAME - RA.FLXM - (A6)
IDENTIFICATION (A6)

CD IVERS
. .

FILE VERSION NUMBER
CD MULT DOUBLE PRECISION PARAMETER
CD 1- A6 WORD IS SINGLE WORD
CD 2- A6 WORD IS DOUBLE PRECISION WORD
c
c----------------------------------------------------------------------:

c-----------------------------------------------------------------------
CR SPECIFICATIONS (1D RECORD)
c
CL NDIM,NGROUP, NINTI,NINTJ ,NINTK,EFFK, POWER
c
Cw 8 =NUMBER OF WORDS
c
CD NDIM NUMBER OF DIMENSIONS
CD NGROUP NUMBER OF ENERGY GROUPS
CD NINTI NUMBER OF FIRST DIMENSION FINE MESH INTERVALS -
CD NINTJ NUMBER OF SECOND DIMENSION FINE MESH INTERVALS -
CD NINTK NUMBER OF THIRD DIMENSION FINE MESH INTERVALS. -
CD NINTK.EQ.1 IF NDIM.LE.2
CD EFFK EFFECTIVE MULTIPLICATION FACTOR
CD POWER POWER IN WATT’S TO WHICH FLUX IS NORMALIZED -
c
c-----------------------------------------------------------------------

—

c-----------------------------------------------------------------------
CR COMPUTATIONAL COSINES
c
CL XMU,XETA,XI,WEIGHT,M,K
c
Cw 6*~T

c
CD XMu MU COSINE
CD XETA ETA COSINE
CD XI XI COSINE
CD WEIGHT WEIGHT
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CDM ANGLE INDEX IN THE OCTANT
CDK Z-PLANE NUMBER
c
c-----------------------------------------------------------------------

c-----------------------------------------------------------------------
CR CELL FRONT-EDGE ANGULAR FLUX
c
CL ((FBEDGE(I,J),I=NINTI) ,J=l,NINTJ)
c
m NINTI*NINTJ*MULT=NUMBER OF WORDS
c
CD FBEEGE(I,J) CELL FRONT-EDGE ANGULAR FLUX
c
c
c-----------------------------------------------------------------------

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

CR HORIZONTAL-EIEE ANGULAR FLUX
c
CL ((HEDGE(I,J),I=l,NBDRYI) ,J=l,NINTJ)
c
CD HEDGE(I,J) HORIZONTAL-EDGE-BOUNDARY ANGULAR FLUX
c
Cw NBDRYI*NINTJ*MULT=NUMBER OF WORDS
c
CD NBDRYI NINTI+l (NUMBER OF FIRST DIMENSION FINE MESH
CD BOUNDARIES)
c
c-----------------------------------------------------------------------

c-----------------------------------------------------------------------
CR VERTICAL-EDGE ANGULAR FLUX
c
CL ((VEIX2E(I,J),I=1,NINTI) ,J=l,NBDRyJ)
c
CD VEDGE(I,J) VERTICAL-EDGE-BOUNDARY ANGULAR FLUX
c
Cw NINTI*NBRDYJ*MULT=NUMBER OF WORDS
c
CD NBDRYJ NINTJ+l (NUMBER OF SECOND DIMENSION FINE MESH -
CD BOUNDARIES)
c
c-----------------------------------------------------------------------

c-----------------------------------------------------------------------
CR CELL BACK-EDGE ANGULAR FLUX
c
CL ((FBEDGE(I,J),I=NINTI) ,J=l,NINTJ)
c
Cw NINTI*NINTJ*MULT=NUMBER OF WORDS
c
CD FBEDGE(I,J) CELL BACK-EEGE ANGULAR FLUX
c
c_______________________________________________________________________
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CEOF

-A7
2
.————-
k

RIGHT

\
\

BO;TOM
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ADJMAC

The ADJMAC file is the adjoint-reversed counterpart to the MACRXS interface file.

c**********************************************************************_
c DATE 05/12/83
c
CF ADJNAc
CE CODE DEPENDENT MACROSCOPIC MULTIGROUP CROSS SECTION FILE -
CE USED IN ONEDANT SOLVER MODULE FOR ADJOINT CALCULATIONS -
c
r-l
L

c**********************************************************************-

c
CN THIS FILE PROVIDES A BASIC BROAD GROUP
CN LIBRARY, ORDERED BY GROUP
c
CN ORDER OF GROUPS IS ACCORDING TO INCREASING ENERGY -
c
c----------------------------------------------------------------------
Cs FILE STRUCTURE
Cs
Cs RECORD TYPE PRESENI’ IF
Cs ===== ......=== ===== ===== ..=.= = —----—----—-a== ======

Cs FILE IDENTIFICATION ALWAYS
Cs FILE CONTROL ALWAYS
Cs FILE DATA ALWAYS
Cs
Cs ************* (~p~T FOR ALL GROups)

Cs * PRINCIPAL CROSS SECTIONS ALWAYS
Cs * SCATI’ERING CONTROL DATA NORD.NE.0
Cs * SCATTERING MATRIX NORD.NE.0
Cs *************

c
c----------------------------------------------------------------------
c
c
c-----------------------------------------------------------------------
CR
c
CL
c
Cw
c
CD
CD
CD
CD
CD
CD
c

FILE IDENTIFICATION

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

1+3*MULT=NUNBER OF woRlls

HNAME HOLLERITH FILE NAME - ADJMAc - (A6
HUSE(I) HOLLERITH USER IDENTIFICATION (A6)
IVERS FILE VERSION NUMBER
MULT DOUBLE PRECISION PARAMETER

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

c-----------------------------------------------------------------------
c-----------------------------------------------------------------------
CR FILE CONTROL
c
CL NGROUP,NMAT, NORD,NED,IDPF ,LNG,MAXUP,MAXDN, NPRIN,12LP1
c
Cw 10=NUMBER OF WORDS
c
CD NGROUP NUMBER OF ENERGY GROUPS IN FILE
CD NMAT NUMBER OF MATERIALS IN FILE
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CD
CD
CD
CD
CD
CD
CD
CD
CD
c
c----
c
c

NORD
NED

IDPF
LNG
MAXUP
MzUa3N
NPRIN
12LP1

-—____

NUMBER OF LEGEND~ SCATI’ER12qGORDERS
NUMBER OF EXTRA EDIT CROSS sEcTIONS (IN ADDITION -
TO THE BASIC PRINCIPAL CROSS SECTIONS)
o/1 NO/YES CROSS SECTION DATA ARE DOUBLE PRECISION -
NUMBER OF THE LAST NEUTRON GROUP(FOR COUPLED SETS) -
MAXIMUM NUMBER OF UPSCA’IT?ERGROUPS
MAXIMUM NUMBER OF DOWNSCATTER GROUPS
NUMBER OF PRINCIPAL CROSS SECTIONS
0/1 = NO/YES 2L+1 TERM WAS INCLUDED IN LIBRARY -

_____________________________________________________________

c-------—– _________________________________________________________

CR FILE DATA
c
CL
CL

(MT(I),I=l,NMAT) ,(HED(J),J=I,NEDT) , (VEL(N),N=l,NGROUp) ,
l(EMAx(N),N=l,NGROUP) ,EMIN

(NMAT+NEDT+2*NGR0UP+l) *MULT=NUMBER OF wo~s
c
CD HMAT(I) HOLLERITH MATERIAL LABEL FOR MATERIAL I (A6)
CD HED(J) HOLLERITH LABEL FOR J-TH CROSS SECTION POSITION(A6)-
CD VEL(N) MEAN NEUTRON VELOCITY IN GROUP N (cM/SEC)
CD EMAX (N) MAXIMUM ENERGY
CD EMIN MINIMUM ENERGY
CD NEDT NED+NPRIN
c
CN
CN

CN
CN
CN
CN
CN
c
CN
c
CN
c

THE FOUR BASIC
ALWAYS PRESENT

HED(l) =
HED(2) =
HED(3) =
HED(4) =

BOUND OF GROUP N (M)” ‘
BOUND OF SET (EV)

PRINCIPAL CROSS SECTIONS
ARE:

3HcHI
6HNUSIGF
5HTOTAL
3HABS

ALSO PRESW WHEN NPRIN=5 IS:

HED(5) . 5HTRANs

c----------— ------------------------------------
c-------------------------------------------- ‘------------------------___-—_--—__——______________
CR PRINCIPAL CROSS SECTIONS FOR GROUP N
c
CL ((C(I,J), I=l,NMAT),J=l,NEDT)
c
Cw NMAT*NEDT*MuLT=NuMBER OF WORDS
c
CD C(I,J)
c

PRINCIPAL CROSS SECTIONS

CN BASIC PRINCIPAL CROSS SECTIONS ALWAYS PRESENT ARE: -
CN
CN J=l FISSION SPECTRUM
CN J=2 FISSION NU*FISSION CROSS SECTION
CN J=3 TOTAL CROSS SECTION
CN J=4 ABSORPTION CROSS SECTION
c
CN ALSO PRESEN’l?WHEN NPRIN=5 IS:
n
L

CN J=5 TRANSPORT CROSS SECTION
c
c------------------------------------------------ -__-—__-—--——_-— ________
c
c----------------------------------------------- --__-__--—_-———_—____—____
CR SCATTERING CONTROL BLOCK FOR GROUP N

FILEDIXCHONS Version3.O
15-29



CODE DEPENDENT INTERFACE FILES
ADJMAC

c
cc PRESENT IF NORD .GT .0
c
CL ((NGPB(L, J) ,L=l,NO~) ,~=1,NMAT)
CL ((IFSG(L, J) ,L=l,NORD) ,J=l,NMAT)
c
Cw 2*N0~*~T.mER OF wo~s

c
CD NGPB(L, J) NUMBER OF SOURCE GROUPS THAT CAN SCATTER INTO GROUP N-
CD IFSG(L,J) GROUP NUMBER OF THE FIRST SOURCE GROUP
CDL LEGENDRE ORDER NUMBER
CD J MATERIAL NUMBER
c
c---------------------------------------------------------------------
c------------------------——

__________——__—---_-— ---------------------

CR
c
cc
c
CL
c

Cw
c
CD
c
CD
CD
CD
CD
c

CN
CN
CN
CN
CN
CN
CN
c
CN
CN
CN
c
c-
CEOF

SCA’1”1’ERINGSUB-BLOCK FOR GROUP N

PRESENT IF NORD.GT.O

(SCAT(I), I=l,NT.AB)

NTAB*MULT=NUMBER OF WORDS

SCAT(I) SCATTERING CROSS SECTION

NTAB TABLE LENGTH OF THE CROSS SECTIONS FOR SCA’1”1’ERING
INTO GROUP N. THIS IS FOR ALL MATERIALS AND ALL
LEGENDRE ORDERS, THUS IT IS THE SUM OF NGPB(L,J)
OVER L FROM 1 TO NORD AND OVER J FROM 1 ‘K) NMAT.

THE SCATTERING CROSS SECTIONS ARE PACKED IN BANDS, -
ONE FOR EACH LEGENDRE ORDER AND MATERIAL. EACH BAND-
CONTAINS THE NGPB GROUPS WHICH SCATTER INTO GROUP -
N. THE FIRST SOURCE GROUP NUMBER IS IFSG AND
THE LAST IS IFSG-NGPB+l. THE NORD BANDS FOR THE -
FIRST MATERIAL APPEAR FIRST (PO, Pl, ....) FOLLOWED-
BY THE NORD BANDS FOR THE SECOND, ETC.

HIGHER LEGENDRE ORDER SCATTERING CROSS SECTIONS -
INCLUDE A 2*L+1 FACTOR WHERE L IS THE LEGENDRE -
ORDER .

______________——___—---- -----.-——---—-----------—-------—--------------
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AMFLUX

The AMFLUX code-dependent file contains, in binary form, the spherical harmonics
adjoint angular flux moments for all spatial fine mesh points and all energy groups. It is
optionally produced by the Solver Module.

c**** ***** ***** ***** ***** ***********************************************

c DATE 04/01/85
c
CF AMFLUX-IV
CE ADJOINT FLUX MOMENTS
~
c***********************************************************************

c
CN ORDER OF GROUPS IS ACCORDING TO INCREASING ENERGY -
c
c---------------------------------------------------------------------
Cs FILE STRUCTURE
Cs
Cs RECORD TYPE PRESENT IF
Cs =.== =.== ==== ==== .==. ==.. .=== =.= —-—-—————— _____
Cs

—-—— ___________ —
FILE IDENTIFICATION ALWAYS

Cs SPECIFICATIONS ALWAYS
Cs
Cs *************(REPEAT FOR ALL GROUPS)
Cs * ADJOINT MOMENTS FLUXES ALWAYS
Cs *************

c
c----------------------------------------------------------------------
c
c--------------------------------.----------_____________-------______:
CR FILE IDENTIFICATION
c
CL HNAME, (HUSE(I), I=1,2),IVERS
c
Cw 1+3*MULT=NUMBER OF WORDS
c
CD HNAME HOLLERITH
CD HNAME HOLLERITH
CD HUSE(I) HOLLERITH

FILE NAME - RMFLUX - (A6)
FILE NAME - - (A6)
USER IDENTIFICATION (A6)

CD IVERS
. .

FILE VERSION NUMBER
CD MULT IXIUBLE PRECISION PARAMETER
CD

—
1- A6 WORD IS SINGLE WORD

CD
—

2- A6 WORD IS DOUBLE PRECISION WORD
c
c-----------------------------------------------______________------___:
c
c----------------------------------------------___________-_------_____:
CR SPECIFICATIONS (1D RECORD)
c
CL NDIM,NGROUP, NINTI,NINTJ, NINTK,NORD,EFFK ,POWER,OITNO
c
m 9=NUMBER OF WORDS
c
CD NDIM NUMBER OF DIMENSIONS
CD NGROUP NUMBER OF GROUPS
CD NINTI NUMBER OF FIRST DIMENSION INTERVALS
CD NINTJ NUMBER OF SECOND DIMENSION INTERVALS
CD NINTJ.EQ.1 IF NDIM.EQ.1
CD NINTK NUMBER OF THIRD DIMENSION INTERVALS
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CD NINTK. EQ.1 IF NDIM. LE.2
CD NORD NUMBER OF LEGENDRE MOMENTS
CD EFFK EFFECTIVE MULTIPLICATION FACTOR
CD POWER POWER IN WATTS TO WHICH FLUX IS NORMALIZED -
CD OITNO OUTER ITERATION NUMBER
c-----------------------------------------------------------------------

c
c----------------------------------------------------------------------
CR
c
c
CL
c
Cw
c
c
c
c
c
CD
CD
c

ADJOINT MOMENTS FLUXES ON MULTIDIMENSIONAL INTERVALS
(2D RECORD)

((FLUX(M, I),M=l,NORD),I=l,NINTI) ----NOTE STRUCTURE BELOW--- -

NORD*NINTI=NUMBER OF WORDS

lX3 1 K=l,NINTK
DO 1 J=l,NINTJ

1 READ (N) *LIST AS ABOVE*

FLUX(M,I) ADJOINT FLUX MOMENTS ON FIRST DIMENSION
INTERVALS .

c-----------------------------------------------------------------------
CEOF
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ASGMAT

The ASGMAT interface file contains the information needed by the Solver and Edit
Modules to assign materials to zones to create the zone macroscopic cross sections.

c**** ***** ***** ***** ***** **********************************************_

c DATE 09/18/81
c
CF ASGMAT
CE CODE DEPENDENT FILE ASSIGNING MATERIALS TO ZONES
c

—

c
c**********************************************************************_

c
CN THIS FILE CONTAINS THE INFORMATION FROM THE INPUT -
CN ARRAYS ASSIGN= AND ASGMOD=
c
c--------------------------------------------

—
-——__—— ____________________

Cs FILE STRUCTURE
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
c
c--------————
c1

RECORD TYPE
__--_-—_--—_——__——_——__— _______-_--__-————-——_—-_-—__— _______
FILE IDENTIFICATION
FILE CONTROL
COMPARABILITY CODE
MATERIAL NAMES
ZONE NAMES
NUMBER OF MATERIALS PER ZONE
MATERIAL LIST FOR ALL ZONES
MATERIAL CONCENTRATIONS
MATERIAL CONCENTRATION FACTORS
CONCENTRATION MODIFIER

-__-__--_--—--— __________________

PRESENT IF
===..=..==.==.=
ALWAYS
ALWAYS
ALWAYS
ALWAYS
ALWAYS
MPZTOT.N73.O
MPZTOT.~.O
MPZTOT.lw3.O
MPZTOT.NE.O
MPZTOT.~.O

_-——__—____________

—

—

—
—

—

—-———-

:--------------------------------------------------
CR FILE IDENTIFIcATION
c
CL HNAME, (HUSE(I), I=l,2),ImRS
c
Cw 1+3*MULT.NUMBER OF WO~S
c
CD ~W HOLLERITH FILE NAME - ASGMAT - (A6)
CD HUSE(I) HOLLERITH USER IDENTIFICATION (A6)
CD IVERS FILE VERSION NUMBER
CD MULT DOUBLE PRECISION PARAMETER
CD

—
1- A6 WORD IS SINGLE WOlU3

CD 2- A6 WORD IS DOUBLE PRECISION WORD
c
c----------------------------------------------
c-------------------------------------------- ‘--------------------------_-——-———_—— _____________
CR FILE CONTROL
L

CL
—

MT, NZONE, MPZTOT
c
Cw 3=NUMBER OF wo~s
c
CD 1 MT NUMBER OF MATERIALS
CD 2 NZONE NUMBER OF ZONES
CD 3 MPZTOT

—
IN-SOLVER MIXING TABLE LENGTH

CD 4 FMMIX o/1 NO/YES VOL FRACTION MIXING BY FINE MESH
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c
c------------------------— — --_----- .--- _---- —----------------------

c
c--------------------------------------------------------------------
CR COMPARABILITY CODE WORDS
c
CL CODE1, CODE2
c
Cw 2*MULTSQU’MBER OF WORDS
c
CD 1 CODE1 DATE OF THE MACRXS FILE TO WHICH ASGMAT APPLIES
CD 2 CODE2 TIME OF THE MACRXS FILE TO WHICH ASGMAT APPLIES
c
c---------------------------------------------------------------------
c
c---------------------------------------------------------------------
CR MATERIAL NAMES
c
CL (MATNAM(I),I=l,MT)
c
m MT*MULT=-ER OF WORDS
c
CD MATNAM(I) HOLLERITH NAME FOR THE I-TH MATERIAL
c
c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR ZONE NAMES
c
CL (zONNAM(I),I=l,NZONE)
c
Cw NZONE*MULT=NUMBER OF WORDS
c
CD ZONNAM(I) HOLLERITH NAME FOR THE I-TH ZONE
c
c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR NUMBER OF MATERIALS PER ZONE
c
cc PRESENT IF MPZTOT.NE.0
c
CL (NUMZON(I),I=l,NZONE)
c
Cw NZONE=NUMBER OF WORDS
c
CD NUMZON(I) NUMBER OF
c
c---------------------------

MATERIALS IN THE I-TH ZONE

.------_-_-__—---______—---- -------- -—---

c
c----------------------------------------------------------------------
CR MATERIAL LIST FOR
c
cc PRESENT IF MPZTOT.NE.0
c
CL (MATLST(I), I=l,MPZTOT)
c
Cw MPZTOT=NUMBER OF WORDS
c
CD MATLST PACKED LIST
CD FOLLOWED BY
c
c-----------------------------

ALL ZONES

OF NATERIAL NUMBERS. MATERIALS FOR ZONE 1-
THOSE FOR ZONE 2, THEN ZONE3, ETC.

_—---_— --------------- — ---—-----——--

C
c-----------------------------------------------------------------------
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CR MATERIAL CONCENTRATIONS
c
cc PRESENT IF MPZTOT. NE. O

;L (CONC (I),1=1 ,MPZTOT)
c
Cw MPZTOT*MULT=NUMBER OF WORDS
c
CD CONC (I) CONCENTRATION OF THE I-TH MATERIAL IN THE MATLST -
CD ARRAY
c
c------------------------------------------___----___._____--_---_____:
c
c-----------------------------------------------______-________----_--:
CR MATERIAL CONCENTFViTION FACTORS
c
cc PRESENT IF MPZTOT.NE.O
c
CL (C1(I), I=l,MPZTOT)
c
m MPZTOT*MULT=NUMBER OF WORDS
c
CD Cl(I) CONCENTRATION FACTOR FOR THE I-TH MATERIAL IN THE -
CD MATLST ARRAY
c
c---------------------------------------------_-_____________-_---_____:
c
c---------------------------------------------_-_______-_________---_--:
CR CONCENTRATION MODIFIER
c
cc PRESENT IF MPZTOT.NE.O
c
CL CMOD
c
Cw l*MULT=NUMBER OF WORDS
c
CD CMOD INPUT VALUE OF THE CONCENTRATION MODIFIER
c
c---------------------------------------------_--_______________---__--:
CEOF
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AZMFLX

The AZMFLX file is a binary, code-dependent file containing the spherical harmonics
adjoint angular flux moments averaged over each zone for each energy group. The
zones over which the fluxes are averaged are the zones used in the Solver Module and
not the Edit Zones optionally used in the Edit Module.

c**** ******************** ***********************************************
c DATE 01/28/95
c
CF AZMFLX-IV
CE ADJOINT ZONE AVERAGED FLUX MOMENTS BY GROUP
c
c**** ***** ***** ***** ***** ***********************************************

c
CN ORDER OF GROUPS IS ACCORDING TO INCREASING ENERGY -
c
c----------------------------------------------------------------------
Cs FILE STRUCTURE
Cs
Cs RECORD TYPE PRESENT IF
Cs =..== =..== ===. ..=== .==.. ==..= = ———.——---- -—_—---—--

Cs FILE IDENTIFICATION ALWAYS
Cs SPECIFICATIONS ALWAYS
Cs
Cs ************* (REp~T FOR ALL GROups)

Cs * ZONE AVERAGED FLUX MOMENTS ALWAYS
Cs *************

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

C
c--------------------------------`------------------------------------
CR FILE IDENTIFICATION
c
CL HNAME, (WSE(I),I=l,2) ,IvERs
c
Cw 1+3*MULT=NUMBER OF WORDS
c
CD HNAME HOLLERITH FILE NAME - RZMFLX - (A6)
CD HNAME HOLLERITH FILE NAME - - (A6)
CD HUSE(I) HOLLERITH USER IDENTIFICATION (A6)
CD IVERS FILE VERSION NUMBER
CD MULT DOUBLE PRECISION PARAMETER
CD 1- A6 WORD IS SINGLE WORD
CD 2- A6 WORD IS IX)UBLE PRECISION WORD
c
c------------------------------------------------------------------
c
c------------------------------------------------------- --—---------

CR SPECIFICATIONS (1D RECORD)
c
CL NDIM,NGROUP, NZONE,DUM,DUM, NORD,EFFK,POWER ,OITNO
c
Cw 9=mER OF WORDS
c
CD NDIM NUMBER OF DIMENSIONS
CD NGROUP NUMBER OF GROUPS
CD NZONE NUMBER OF GEOMETRIC ZONES
CD DUN DUMMY, NOT USED
CD DUN DUMMY, NOT USED
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CD NORD NUMBER OF LEGENDRE MOMENTS
CD EFFK EFFECTIVE MULTIPLICATION FACTOR
CD POWER POWER IN WATTS TO WHICH FLUX IS NORMALIZED -
CD OITNO OUTER ITERATION NUMBER
c
c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR ADJOINT FLUX MOMENTS AVERAGED OVER EACH ZONE
c (2D RECORD)
c
CL ((FLux(M, I),M=l,NORD) ,I=l,NZONE)
c
Cw NORD*NZONE=NUMBER OF WORDS
c
c
CD FLUX(M,I)
CD
c
c---------------
CEOF

ADJOINT FLUX MOMENT AVERAGES FOR EACH
ZON-E.

_____________________________________________________
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BXSLIB

The BXSLIB code-dependent file contains, in binary form, the cross sections and other
cross section and mixing information as described in “Binary Form of Card-Image
Libraries (the BXSLIB file)” on page 10-12.

c**** ***** ***** ***** ***** **********************************************-

c
c
CF BXSLIB
CE MICROSCOPIC
c
CN
CN
CN
CN
CN
c

DATE 09/22/88

GROUP NEUTRON CROSS SECTIONS FROM CARDS

THIS FILE CONTAINS IN BINARY FORM THE
BLOCK III ONEDANT INPUT TOGETHER WITH THE -
CROSS SECTIONS FROM THE ORIGINAL CARD LIB-Y. -
THE FILE ALSO MAY CONTAIN ISOTCIPE/ATOMIC WEIGHT-
PAIRS FROM THE BLOCK IV ONEDANT INPUT

c**********************************************************************_

c----------------------------------------------------------------------
Cs FILE STRUCTURE
Cs
Cs RECORD TYPE PRESENT IF
Cs ----------—-------————————-—--------------- ------------------- ......=== =.===

Cs FILE IDENTIFICATION ALWAYS
Cs FILE CONTROL ALWAYS
Cs FILE DATA ALWAYS
Cs
Cs ************* (~p~T FOR ALL IsoTopEs)

Cs * **********(Repeat FOR ALL LEG~RE ()~ERs)

Cs * * CROSS SECTION SET ALWAYS
Cs * **********

Cs *************

Cs ISOTOPE LABEL/A’IYIMIC WEIGHT PAIR NISOAW.GT.0
c
c-----------------------------------------------------------------------
c-----------------------------------------------------------------------
CR
c
CL
c
Cw
c
c
CD
CD
CD
CD
CD
CD
c

FILE IDENTIFICATION

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

1+3*MULT=NUMBER OF WORDS

HNAME HOLLERITH FILE NAME - BXSLIB - (A6
HUSE(I) HOLLERITH USER IDENTIFICATION (A6)
IVERS FILE VERSION NUMBER
MULT DOUBLE PRECISION PARAMETER

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

c-----------------------------------------------------------------------
c-----------------------------------------------------------------------
CR FILE CONTROL
c
CL NGROUP,NISO, IHM,IHT,IHS, MAXT,NISOAW, NXSREC,12LP1
c
m 9=NUMBER OF WORDS
c
c
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CD NGROUP NUMBER OF ENERGY GROUPS IN FILE
CD NISO NUMBER OF ISOTOPES IN FILE
CD IHM TABLE LENGTH (NUMBER OF CROSS SECTIONS FOR
CD ONE ISOTOPE, FOR ONE GROUP, AND FOR ONE LEGENDRE
CD ORDER
CD IHT TOTAL CROSS SECTION POSITION IN THE TABLE
CD IHS SELF SCATTER CROSS SECTION POSITION
CD MAXT MAXIMUM NUMBER OF LEGENDRE MOMENTS
CD NISOAW NUMBER OF ISOTOPE LABEL/ATOMIC WEIGHT PAIR
CD NXSREC TOTAL NUMBER OF CROSS SECTION SETS
CD 12LP1 0/1 - NO/YES SCATTERING CROSS SECTIONS CONTAIN
CD 2L+1 FACTOR
c
c----------------------------------------------------------------------

—

—

—

—
c-----------------------------------------------------------------------
CR F~LE DATA
c
CL (HSETID(I), 1=1,12), (HISONM(I) ,I=l,NISO), (EDNAME(I),I=l, IHT-3), -
CL l(CHI(J),J=l,NGROUP), (VEL(J),J=l,NGROUP),
CL 2(EMAX(J),J=1,NGROUP) ,EMIN, (NSPI(I), I=l,NISO)
c
Cw (NISO+12+IHT-3) *MULT+(3*NGROUP+1) *MULT+NISO=N’UMBER OF WORDS -
c
c
CD HSETID(I) HOLLERITH IDENTIFICATION OF FILE (A6)
CD HISONM(I) HOLLERITH ISOTOPE LABEL FOR ISOTOPE I (A6)
CD EDNAME (I) HOLLERITH NAME FOR EDIT POSITIONS
CD PRECEDING SIGMA ABSORPTION FOR POSITION I (A6) -
CD CHI (J) FILE-WIDE FISSION SPECTRUM(ZEROES IN ONEDANT) -
CD VEL(J) MEAN NEUTRON VELOCITY IN GROUP J (cM/SEC)
CD EMAX(J) MAXIMUM ENERGY BOUND OF GROUP J (EV)
CD EMIN MINIMUM ENERGY BOUND OF SET (EV)
CD

—
NSPI (I) NUMBER OF LEGENDRE ORDERS FOR ISOTOPE I —

c
c-------------------------------------------------____________---------:
c-----------------------------------------------------------------------
CR CROSS SECTION SET FOR ISOTOPE I AND LEGENDRE ORDER M
c
CL ((C(I,J),I=l,IHM) ,J=l,NGROUP)
c
Cw IHM*NGROUP*MULT=NUMBER OF WORDS —
c
c---------------------------------------------------____________-------:
c-----------------------------------------------------------------------
CR HOLLERITH ISOTOPE LABEL/ATOMIC WEIGHT PAIR SET
c
cc PRESENT IF NISOAW.GT.0
c
CL (Amp(I), I=l,2*NIsoAw)
c
Cw

—
2*NISOAW*MULT=NUMBER oF woR.Ds

c
c---------------------------------------------_______________-----:
CEOF
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EDITIT

The EDITIT code-dependent interface file contains information specific to the Edit
Module, mainly info%ation from Block VI of the card-image input.

c**** ***** ***** ***** ***** **********************************************-

c DATE 01/28/95
c
CF EDITIT
CE CODE DEPENDENT FILE OF INFORMATION SPECIFIC TO THE
CE ONEDANT EDIT MODULE
c
c
c**********************************************************************_

c
CN THIS FILE CONTAINS THE CARD INPUT INFORMATION
CN FROM BLOCK VI
c
c----------------------------------------------------------------------
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
H
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
c

FILE STRUCTURE

RECORD TYPE PRESENT IF
---.——---—-----------——----—-------—--—-———----—----— -------- _____3=s—— ---------- _—-----

FILE IDENTIFICATION ALWAYS
RAW CONTROLS AND DIMENSIONS ALWAYS
DEFAULTED CONTROLS AND DIMENSIONS ALWAYS
RAW FLOATING INPUT DATA ALWAYS
FINE GROUPS PER BROAD GROUP ALWAYS
ZONE NUMBERS NZNS.NE.CI
POINT NUMBERS NIPE.NE.CI
IPLANE NUMBERS NIPLNE.NE.0
JPLANE NUMBERS NJPLNE.NE.O
KPLANE NUMBERS NKPLNE.NE.O
CROSS SECTION POSITIONS NPOS.NE.o
ISOTOPE NUMBERS TO EDIT NISO.NE.o
MATERIAL NUMBERS TO EDIT MACRO.NE.0
CONSTITUENT NUMBERS TO EDIT NCONS.NE.0
RESPONSE FUNCTION NAMES IDOSE.NE.0

************* (REp~T FOR ALL ~spONsE F~cTIONs)
* RESPONSE FUNCTION ENERGY VECTOR IDOSE.NE.0
* RESPONSE FUNCTION X SPATIAL VECTOR IDOSE.NE.0
* RESPONSE FUNCT Y SPATIAL VECTOR IDOSE.NE.O .AND.IDIMEN.GT. 1 -
* RESPONSE FUNCT Z SPATIAL VECTOR IIY.13E.NE.0.AND.IDIMEN.GT.2 -
*************

CROSS SECTION SUMMING ARRAY - IXSUM.NE.0
RESPONSE FUNCTION SUMMING ARRAY IRSUM.NE.0
FINE X MESH DENSITY FACTORS IDEN.NE.0
FINE Y MESH DENSITY FACTORS IDEN.NE.0 .AND. IDIMEN.GT.1 -
FINE Z MESH DENSITY FACTORS IDEN.NE.0 .AND. IDIMEN.GT.2 -

c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR FILE IDENTIFICATION
c
CL HNAME, (HUSE(I),I=1,2) ,IVERS
c
Cw 1+3*MULT=NUMBER OF WORDS
c
CD HNAME HOLLERITH FILE NAME - EDITIT - (A6)
CD HUSE (I) HOLLERITH USER IDENTIFICATION (A6)
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CD IvERs FILE VERSION NUMBER
CD MULT DOUBLE PRECISION PARAMETER
CD 1- A6 WORD IS SINGLE WORD
CD 2- A6 WORD IS DOUBLE PRECISION WORD
c
c-----------------------------------------------------------------------
c
c--------------------------------------------------------------------
CR RAW CONTROLS AND DIMENSIONS
c
CL IEDOPT,PTED , NIPE, IKND, ZNED, NZNS,IXSUM,IRSUM, NPOS, NISO, -
CL 1 NCONS, MACRO, IDOSE, IGRPE’D, LNG, NBG, IDEN, NGROUP, AJED,
CL 2 ITED, JTED, KTED, IRZFLX, IRZMFX, EDOUTF, IFLUX1, IPRPLT,
CL 3 NIPLNE, NJPLNE, NKPLNE
c
m 75=NUMBER
c
CD 1 IEDOPT
CD 2 PTED
CD 3 NIPE
CD 4 BYVOLP
CD 5 ZNED
CD 6 NZNS
CD 7 IXSUM
CD 8 IRSUM
CD 9 NPOS
CD 10 NISO
CD
CD 11 NCONS
CD 12 MACRO
CD 13 IDOSE
CD 14 IGRPED
CD 15 LNG
CD 16 NBG
CD 17 IDEN
CD 18 NGROUP
CD 19 AJED
CD 20 ITED
CD 21 JTED
CD 22 KTED
CD 23 IRZFLX
CD 24 IRZMFX
CD 25 EDOUTF
CD 26 IFLUX1
CD 27 IPRPLT
CD 28 NIPLNE
CD 29 NJPLNE
CD 30 NKPLNE
c
c---------------

OF WORDS

NOT USED
0/1 - NO/YES DO POINT EDIT
NUMBER OF POINTS TO EDIT
0/1 - NO/YES MULTIPLY REACTION RATES BY MESH VOLUME -
0/1 - NO/YES DO ZONE EDIT
NUMBER OF EDIT ZONES
LENGTH OF CROSS SECTION SUMMING TABLE —

LENGTH OF RESPONSE FUNCTION SUMMING TABLE
NUMBER OF CROSS SECTION POSITIONS TO EDIT
NUMBER OF ISOTOPES TO EDIT

NUMBER OF ISOTOPES TO EDIT AS CONSTITUENTS
NUMBER OF MATERIALS TO EDIT
NUMBER OF RESPONSE FUNCTIONS TO EDIT
0/1/2/3 - ENERGY GROUP PRINT OPTIONS
NUMBER OF THE LAST NEUTRON GROUP
NUMBER OF BROAD ENERGY GROUPS
0/1 - NO/YES THERE ARE FINE MESH DENSITY FACTORS -
NUMBER oF FINE ENERGY GROUPS
0/1 - NO/YES THIS IS AN ADJOINT EDIT
NUMBER OF FINE RADIAL MESH
NUMBER OF FINE AXIAL MESH
NUMBER OF FINE Z DIRECTION MESH
0/1 - NO/YES WRITE CCCC RzFLux FILE
0/1 - NO/YES WRITE ZONE MOMENTS FILE
-3/-2/0/1/2/3 ASC EDIT FILE PREPARATION INDICATOR -
0/1 - NO/YES MAKE ALL INPUT FLUXES UNITY
0/1/2/3 PRINT/NOTHING/TECPLOT/BOTH VISUALIZATION OPT -
NUMBER OF I PLANES PLOTTED
NUMBER OF J PLANES PLOTTED
NUMBER OF K PLANES PLOTTED

_______________________________________________________

c
c--------------------------------------------------- ----—--————-----—-

CR DEFAULTED CONTROLS AND DIMENSIONS
c
CN THIS RECORD IS THE SAME FORMAT AS THE RAW CONTROLS AND
CN DIMENSION RECORD ABOVE, BUT IT CONTAINS THE DEFAULTED
CN VALUES FOR EACH VARIABLE
c
c----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR RAW FLOATING INPUT DATA
c
CL POWER, MEVPER
c
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Cw 2*NLT=NUMBER OF WORDS
c
CD 1 POWER NORNALIZE TO POWER
CD 2 MEVPER MEV RELEASED PER FISSION
c
c---- -------------------------------------------------------------------

C
c---------------------------------------------------------------------
CR FINE GROUPS PER BROAD GROUP
c
CL (ICOLL(G),G=l,NBG)
c
m NBG=NUMBER OF WORDS
c
CD ICOLL(G) NUMBER OF FINE GROUPS IN BROAD GROUP G
c
c------------------–-----— --_—--------_—-__--——--_-———-------------

c
c--------------------------------------------------------------------
CR ZONE NUMBERS
c
cc PRESENT IF NZNS.GT.O
c
CL (EDZONE(I),I=l, IT*JT*KT)
c
Cw IT*JT*KT=NUMBER OF WORDS
c
CD EDZONE(I) EDIT ZONE NUMBER FOR THE I-TH FINE MESH
c
c-----------------------------------------------------------------------
c
c--------------------------------------------------------------------
CR POINTS TO EDIT
c
cc PRESENT IF NIPE.GT.O
c
CL (POINTS (I),I=l,NIPE)
c
Cw NIPE=NUMBER OF WORDS
c
CD POINTS(I) NUMBER OF THE I-TH POINT TO EDIT
c
c----------------------------------------------------------------------
c
c----------------------------------------------------------------------
CR IPLANES TO EDIT
c
cc PRESENT IF NIPLNE.GT.O
c
CL (IPLNES(I),I=l,NIPLNE)
c
Cw NIPLNE=NUMBER OF WORDS
c
CD IPLNES(I) NUMBER OF THE I-TH PLANE TO EDIT
c
c
c---------------------------------------------------------------------
CR JPLANES TO EDIT
c
cc PRESENT IF NJPLNE.GT.O
c
CL (JPLNES(I),I=l,NJPLNE)
c
Cw NJPLNE=NUMBER OF WORDS
c
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CD JPLNES (I) NUMBER OF THE J-TH PLANE TO EDIT
c

—

c-------------------------------------------------____-_________-------:
c
c------------------------------------------_---_--__-______.__----_____:
CR KPLANES TO EDIT
c
cc PRESENT IF NKIPLNE.GT.O
c
CL (KpLNES(I), I=l,NKPLNE)
c
Cw NKPLNE=NUMBER OF WORDS
c
CD KPLNES(I) NUMBER OF THE K-TH PLANE TO EDIT
c
c
c------------------------------------------_---_--__-______-___---__-__:
c
c-------------------------------------------------__-_--________-------:
CR CRO-SS SECTION POSITIONS TO EDIT
c
cc PRESENT IF NPOS.GT.O
c
CL (EDXS(I), I=l,NpOS)
c

—

m NPOS=NUNBER OF WORDS
c
CD EDXS (I) POSITION NUMBER TO EDIT(IN NUMERIC FORM)
c

—

c------------------------------------------------__--_____-___---_____:
c
c-----------------------------------------------_____________----_--_:
CR ISOTOPE NUMBERS TO EDIT
c
cc PRESENT IF NISO.GT.O
c
CL

—
(EDISOS(I), I=l,NISO)

c
Cw NISO=NUMBER OF WORDS
c
CD EDISOS(I) ISOTOPE NUMBER TO EDIT(IN NUMERIC FORM)
c

—

c----------------------------------------------______________----__-__:
c
c-------------------------------------------------__-_---_________-----:
CR MATERIAL NUMBERS TO EDIT
c

—

cc PRESENT IF MACRO.GT.O
c
CL (EDWTS(I),I=l,NACRO)
c
Cw MACRO=NUMBER OF WORDS
c
CD EDMATS(I) MATERIAL NUMJ3ER TO EDIT(IN NUMERIC FORM)
c
c-------–— ____________________________________________________________

c
c------–- ______________________________________________________________

CR CONSTITUENT NUMBERS TO EDIT
c
cc PRESENT IF NCONS.GT.O
c
CL (EDCONS (I),I=l,NCONS)
c
Cw NCONS=NUMBER OF WORDS
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c
CD EDCONS(I) CONSTITUENT NUMBER TO EDIT(IN NUMERIC FORM)
c
c--------------------------------------------------------------------

c
c------------------------------------------------------------------
CR RESFONSE FUNCTION NANES
c
cc PRESENT IF IDOSE.GT.O
c
CL (RSFNAM(I),I=l, IDosE)
c
Cw IDOSE*MULT=NUMBER OF WORDS
c
CD RSFNAM(I) HOLLERITH NAME FOR THE I-TH RESPONSE FUNCTION
c
c-------------------------------------------------------

-------------

c
c-------------------------- _---—__--——--——------------——--------------

CR RESPONSE FUNCTION ENERGY VECTOR
c
cc PRESENT IF IDOSE.GT.O
c
CL (RSFE(I),I=l,NGROUP)
c
Cw NGROUP*MULT=NUMBER OF WORDS
c
CD RSFE (I) RESPONSE FOR GROUP I
c
c-----------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR RESPONSE FUNCTION SPATIAL VECTOR IN X
c
cc PRESENT IF IDOSE.LT.O
c
CL (RSFX(I),I=l,IT)
c
Cw IT*MULT=NUMBER OF WORDS
c
CD RSFX(I) RESPONSE FUNCTION FOR FINE MESH I
c
c------------------------------------------------------

--------—---

c
c-----------------------------------------------------------------------
CR RESPONSE FUNCTION SPATIAL VECTOR IN Y
c
cc PRESENT IF IDOSE.LT.O .AND. IDI’MEN.GT.1
c
CL (RSFY(J),J=l,JT)
c
m ~*~T=mER OF ~~s

c
CD RSFY (J) RESPONSE FUNCTION FOR FINE MESH J
c
c-----------------------------------------------------------------------
c
c-------------------------——— ———---——---—— __________________—-___--—---

CR RESPONSE FUNCTION SPATIAL VECTOR IN Z
c
cc PRESENT IF IDOSE.LT.O .AND. IDIMEN.GT.2
c
CL (RSFZ(K),K=l,KT)
c
Cw ~*~L&__ER OF wo~s
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c
CD RSFZ (K) RESPONSE FUNCTION FOR FINE MESH K
c
c-------------------------------.--------------_____________------____:
c
c--------–—- __________________________________________________________
CR CROSS SECTION SUMMING ARRAY
c
cc PRESENT IF IXSUM.GT.O
c
CL (MICSUM(I),I=l, IXSUM)
c
Cw IXSUM=NUMBER OF WORDS
c
CD MICSUM INPUT SUMMING ARRAY IN NUMERIC FORM
c
c------------------------------------------------_____________-----_:
c
c--------------------------------------------------_______________----_:
CR RESPONSE FUNCTION SUMMING ARRAY
c
cc PRESENT IF IRSUM.GT.O
c
CL (IRSUES(I),I=l, IRSUM)
c
Cw IRSUM=NUMBER OF WORDS
c
CD IRSUMS INPUT SUMMING ARRAY IN NUMERIC FORM
c
c-----------------------.--------------------------______________----__:
c
c---------------------------------------------------_______-____-----__:
CR FINE MESH DENSITY
c
cc PRESENT IF IDEN.GT.CI
c
CL (XDF(I),I=l,IT)
c
Cw IT*MULT=NUMBER OF WORDS
c
CD XDF(I) DENSITY FACTOR
c

VECTOR IN X
—

—

FOR THE I-TH FINE MESH
—

c---------------------------------------------------------------------
.
L

c------ ____________________________________________________________
CR FINE MESH DENSITY VECTOR IN Y
c
cc PRESENT IF IDEN.GT.O .AND.
c
CL (YDF(J),J=l,JT)
c
Cw JT*MULT=N’UMBER OF WORDS
c
CD YDF(J) DENSITY FACTOR FOR
c
c------------–— -----------------

IDIMEN.GT.1

THE J-TH FINE MESH

.--___—____———_--——_-——___——___________
c
c----------------------------------------------_---_______________---__:
CR FINE MESH DENSITY VECTOR IN Z
c
cc PRESENT IF IDEN.GT.(1 .AND. IDIMEN.GT.2
c
CL (ZDF(K),K=l,KT)
c

—

Cw KT*MULT=NUMBER OF WORDS
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c
CD ZDF (K) DENSITY FACTOR FOR THE K-TH FINE MESH
c
c------------------------------------------------------- -— --—------

CEOF —
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FISSRC

The FISSRC file is a binary, code-dependent file containing the energy-group total fis-
sion source at each spatial fine-mesh point, i, that is,

The FISSRC file is automatically produced by the Solver Module whenever fissions are
present.
c**** ***** ***** ***** ***** **********************************************_

c DATE 02/21/95
c
CF FISSRC
CE CODE DEPENDENT FISSION SOURCE
.
:**********************************************************************_

c-----------------------------------------------------------------------
c
c
CN THIS FILE PROVIDES THE FISSION SOURCE

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

c----------------------------------------------------------------------
CR FILE IDENTIFICATION
c
CL HNAME,-(HUSE(I-),I=1,2),IQERS
c
Cw 1+3*MuLT=NuMBER OF WORDS
c
CD HNAME HOLLERITH
CD HUSE(I) HOLLERITH

FILE NAME - FISSRC - (A6)
USER IDENTIFICATION (A6)

CD IVERS
...-.

FILE VERSION NUMBER
CD MULT

—

DOUBLE PRECISION PARAMETER
CD 1- A6 WORD IS SINGLE WORD
CD 2- A6 WORD IS lXX13LE PRECISION WORD
c
c-----------------------------------------------------------------------
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c----------------------------------------------------------------------

CR SPECIFICATIONS (1D RECORD)
c
CL NDIM, NGROUP ,NINTI ,NINTJ, NINTK, ITER, EFFK, POWER, NBLOK
c
Cw 9 =NUMBER OF WORDS
c
CD NDIM NUMBER OF
CD NGROUP NUMBER OF
CD NINTI NuNBER OF
CD NINTJ NUMBER OF
CD NINTK NUMBER OF

DIMENSIONS
ENERGY GROUPS
FIRST DIMENSION FINE MESH INTERVALS -
SECOND DIMENSION FINE MESH INTERVALS -
THIRD DIMENSION FINE MESH INTERVALS -

66 ITER OUTER ITERATION NUMBER AT WHICH FISSION WAS -
CD WRITTEN
CD EFFK EFFECTIVE MULTIPLICATION FACTOR
CD POWER POWER IN WATTS TO WHICH FISSION IS NORMALIZED -

CD NBLOK Slm’ml

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

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

;R FISSION SOURCE (2D RECORD)
c
CL ((FISS(I,J),I=l,NINTI) ,J=l,NINTJ)
c
Cw NINTI*NINTJ*MULT=NUMBER OF WORDS
c
c DO 1 K=l, NINTK
c 1 READ (N) *LIST AS ABOVE*
L

m FISS(I,J)
CD

FISSION SOURCE WITHOUT VOLUME AT FINE MESH -
POINT (I,J)IN PLANE K, I.E., NUSIGF*FLUX

c
c-------------------------------------------------------------------
CEOF
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GEODST

This GEODST file is an extended version of the standard GEODST file. It is a binary,
code-dependent file containing the geometry description. This version is necessary for
and is used only by the TWODANT/GQ module to describe the geometries based on
generalized quadrilaterals used by that module. The other calculational modules use the
standard GEODST file. The standard GEODST file is a subset of this extended version.

c**** ***** ***** ***** ***** **********************************************_

c REVISED 11/30/76 EXTENDED 11/14/90 EXTENSION REVISED 05/20/91 -
c
CF

—
GEODST - IV

c
CE

—

GEOMETRY DESCRIPTION
c
c**** ***** ***** ***** ***** ***********************************************

FILE STRUCTURE
—

RECORD TYPE PRESENT IF
——_________________________---- ——____________________ _ -—————__________-— ___________ —
FILE IDENTIFICATION ALWAYS
FILE SPECIFICATIONS ALWAYS
ONE DIMENSIONAL COARSE MESH IGOM. GT. O AND IGOM. LE.3 -

c-------------------
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs TWO DIMENSIONAL COARSE MESH IGOM. GE.6 AND IGOM. LE.11 -
Cs THREE DIMENSIONAL COARSE MESH IGOM.GE.12 AND IGOM.LE.18 -
Cs GEOMETRY DATA IGOM.GT.fJ OR NBS.GT.O
Cs

—
REGION ASSIGNMENTS TO COARSE MESH IGOM.GT.O AND NRASS.EQ.O -

Cs REGION ASSIGNMENTS TO FINE MESH
Cs
Cs GENERALIZED 2D SPECIFICATIONS
Cs SUBMESH JOINING DATA
Cs ********(Rent FOR ALL SU&M)3S~s)

Cs * SUB-MESH NAME
Cs * SUB-MESH SPECIFICATIONS
Cs * SUB-MESH VERTICES
Cs * SUB-MESH INTERVAL CORNER COUNTS
Cs * SUB-MESH INTERVALS
Cs ********(~ ~p~T)

Cs ********(~P~T FOR ALL zONINGs)

Cs * ZONING NAME
Cs * ZONING SPECIFICATIONS
Cs * REGION ASSIGNMENTS TO SUB-MESH
Cs ********(E~ REpEAT)

Cs OBJECT NAMES
Cs OBJECT SPECIFICATIONS
Cs ********(REPEAT FOR ALL COMPONENTS)
Cs * COMPONENT NAME
Cs * COMPONENT SPECIFICATIONS
Cs * COMPONENT DESCRIPTION
Cs ********(E~ REpEAT)

Cs GEOMETRY NAME
Cs GEOMETRY SPECIFICATIONS
Cs GEOMETRY DESCRIPTION
Cs ********(Repeat FOR ~L BDRY sEGHs) IGOM-EQ.1O6 OR I@M.EQ.lo7 _

Cs * BOUNDARY SEGMENT, CONDITION
Cs ********(~ REp~T)

c

IGOM.GT.O AND NRASS.EQ.1 -

IGOM.EQ.1O6 OR IGOM.EQ.1O7 -
IGOM.EQ.1O6 OR IGOM.EQ.1O7 -
IGOM.EQ.1O6 OR IGOM.EQ.1O7 -

—

ILR.EQ.O
ILR.EQ.O

IGOM.EQ.1O6 OR IGOM.EQ.1O7 -
NRASS.EQ.2
NRASS.EQ.2
NRASS.EQ.2 —

IGOM.EQ.1O6 OR IGOM.EQ.1O7 -
IGOM.EQ.1O6 OR IGOM.EQ.1O7 -
IGOM.EQ.1O6 OR IGOM.EQ.1O7 -

IGOM.EQ.1O6 OR IGOM.EQ.1O7 -
IGOM.EQ.1O6 OR IGOM.EQ.1O7 -
IGOM.EQ.1O6 OR IGOM.EQ.1O7 -

FILE DEXRJFITONS Version3.O 15-49



CODE DEPENDENT INTERFACE FILES GEODST

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

c----------------------------------------------------------------------
CR FILE IDENTIFICATION (OV RECORD)
c
CL HNAME, (HUSE(I), I=1,2),N’ERS
c
Cw 1+3 *MULT
c
CD HNAME HOLLERITH FILE NM - GEODST - (A6)
CD HUSE HOLLERITH USER IDENTIFICATION (A6)
CD IVERS FILE VERSION NUMBER
CD MULT EOUBLE PRECISION PARAMETER
CD 1- A6 WORD IS SINGLE WORD
CD 2- A6 WORD IS DOUBLE PRECISION WORD
c
c-----------------------------------------------------------------------

c----------------------------------------------------------------------
&
c
CL
CL
CL
c
Cw
c
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
c
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD

FILE SPECIFICATIONS (1D RECORD)

IGOM,NZONE,NREG, NZCL,NCINTI, NCINTJ,NCINTK, NINTI,NINTJ, NINTK,IMBl,-
IMB2,JMB1,JMB2,KMB1,KMB2 ,NBS,NBCS,NIBCS,NZwBB,~RIAG,NRAsS,NTHPT, -
(NGOP(I),I=1,4)

27

IGOM GEOMETRY O-
1-
2-
3-
.6-
7-
8-
9-

lo-

11-
12-
13-
14-
15-
16-
17-
18-

106-
1o7-

POINT (FUNDAMENT AL MODE)
SLAB
CYLINDER
SPHERE
x-Y
R-Z
THETA-R
UNIFORM TRIANGULAR
HEXAGONAL (1 MESH POINT IN EACH

HEXAGONAL ELEMENT)
R-THETA
R-THETA-Z
R-THETA-ALPHA
x-Y-z
THETA-R-Z
THETA-R-ALPHA
UNIFORM TRIANGULAR-Z
HEXAGON-Z (MESH POINTS AS IN 10

ABOVE)
X-Y GENERALIZED
R-Z GENERALIZED

NZONE

NREG
NZCL
NCINTI
NCINTJ

NCINTK

NINTI
NINTJ

NUMBER OF ZONES (EACH HOMOGENEOUS IN NEUTRONICS
PROBLEM - A ZONE CONTAINS ONE OR MORE REGIONS)
NUMBER OF REGIONS
NUMBER OF ZONE CLASSIFICATIONS (EDIT PURPOSES)
NUMBER OF FIRST DIMENSION COARSE MESH INTERVALS
NUMBER OF SECOND DIMENSION COARSE MESH

INTERVALS. NCINTJ.EQ.1 FOR ONE DIMENSIONAL
CASE .

NUMBER OF THIRD DIMENSION COARSE MESH INTERVALS
NCINTK.EQ.1 FOR ONE AND TWO DIMENSIONAL
CASES .

NUMBER OF FIRST DIMENSION FINE MESH INTERVALS
NUMBER OF SECOND DIMENSION FINE MESH INTERVALS

NINTJ.EQ.1 FOR ONE DIMENSIONAL CASE.

—
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CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
c
cc
cc
cc
cc
cc
cc
cc
c
c
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD

NINTK NUMBER OF THIRD DIMENSION FINE MESH INTERVALS
NINTK. EQ.1 FOR ONE AND TWO DIMENSION CASES.

IMB1 FIRST BOUNDARY ON FIRST DIMENSION
o-
1-
2-

3-
4-

5-

6-

ZERO FLUX (DIFFUSION)
REFLECTED
EXTRAPOLATED (DIFFUSION - DEL PHI/PHI

-C/D WHERE C IS GIVEN AS BNDC BELOW
b D IS THE GROUP DIFFUSION CONSTANT,
TRANSPORT - NO RETURN) .
REPEATING (PERIODIC) WITH OPPOSITE FACE
Repeating (PERIODIC) WITH NEXT mAcm
FACE .
INVERTED REPEATING ALONG THIS FACE.
(180 DEGREE ROTATION)
IsoTRoPIc RETURN (TWspORT)

—

NOTE FOR REPEATING CONDITIONS (3,4,5) - LET 11 DENOTE FIRST-
BOUNDARY ON FIRST DIMENSION, 12 THE SECOND BOUNDARY ON THE -
FIRST DIMENSION, J1 THE FIRST BOUNDARY ON THE SECOND
DIMENSION, ETC. THEN THESE REPEATING BOUNDARY CONDITIONS
ONLY APPLY TO BOUNDARIES 11,12,J1, AND J2. GOING IN ORDER
OF 11,J1,12,J2, THE FIRST BOUNDARY WHICH IS INVOLVED
CARRIES THE DESIGNATOR DEFINING THE REPEATING CONDITION.

IMB2 LAST BOUNDARY ON FIRST DIMENSION
JME31 FIRST BOUNDARY ON SECOND DIMENSION
JMB2 LAST BOUNDARY ON SECOND DIMENSION
KMBl FIRST BOUNDARY ON THIRD DIMENSION
KMB2 LAST BOUNDARY ON THIRD DIMENSION
NBs NUMBER OF BUCKLING SPECIFICATIONS

(1- NONE
1 - SINGLE VALUE APPLIES EVERYWHERE
.EQ.NZONE- ZONE DEPENDENT
M*NZONE - DATA IS GIVEN OVER ALL ZONES FOR

THE FIRST ENERGY GROUP, THEN FOR THE
NEXT GROUP, TO END OF LIST. IF
M.LT.NGROUP THEN THE M-TH GROUP DATA
APPLIES TO ALL ADDITIONAL GROUPS.
(2.LE.M.LE.NGROUP)

NBCS NUMBER OF CONSTANTS FOR EXTERNW BOUNDARIES
o-
1-
6-

6*M

NONE
SINGLE VALUE USED EVERYWHERE
INDIVIDUAL VALUE GIVEN FOR EACH
EXTERNAL BOUNDARY. THE ORDERING OF THE
VALUES IS THE SAME AS THE ORDERING OF
THE BOUNDARY CONDITIONS.
- SIX VALUES GIVEN FOR FIRST ENERGY
GRoup (ORDER.ED AS DEscRIBED ABow),
THEN 6 FOR THE NEXT GROUP, TO END OF
LIST . (2.LE.M.LE.NGROUP) .
IF M.LT.NGROUP THEN THE M-TH GROUP DATA
APPLIES TO ALL REMAINING GROUPS.

NIBCS NUMBER OF CONSTANTS FOR INTERNAL BOUNDARIES
0 - NONE
1 - SINGLE VALU13 USED EVERYWHERE
.GT.I - VALUES ARE GIVEN BY ENERGY GROUP

––WITH NON-BLACK CONDITION INDICATED BY
ZERO EN’rRY - LAST VALUE APPLIES TO
ADDITIONAL GROUPS

NZWBB NUMBER OF ZONES WHICH ARE BLACK ABSORBERS
NTRIAG TRIANGULAR/HEXAGONAL GEOMETRY OPTION

o - REGION OF SOLUTION IS A RHOMWS IN
WHICH THE 1ST AND 2ND DIMENSION AXES
INTERSECT AT AN ANGLE OF 120 DEGREES.

—

—
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CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
c
c----

1 - REGION OF SOLUTION IS A RHOMBUS IN
WHICH THE 1ST AND 2ND DIMENSION AXES
INTERSECT AT AN ANGLE OF 60 DEGREES.

2 - REGION OF SOLUTION IS A RECTANGLE. THE
BOUNDARIES 11 AND 12 BISECT MESH
TRIANGLES. SEE NTHPT BELOW.
(IGOM=9,17 ONLY)

3 - REGION OF SOLUTION IS AN EQUILATERAL,
60 DEGREE TRIANGLE. (IGOM=9,17 ONLY)

4 - REGION OF SOLUTION IS A 30-60 DEGREE
RIGHT TRIANGLE IN WHICH THE 1ST AND 2ND
DIMENSION AXES INTERSECT AT THE 30
DEGREE ANGLE. (IGOM=9,17 ONLY)

5 - REGION OF SOLUTION IS A RHOMBUS IN
WHICH THE 1ST AND 2ND DIMENSION AXES
INTERSECT AT AN ANGLE OF 30 DEGREES.
(IGOM=9,17 ONLY)

NRAss REGION ASSIGNMENTS
O- TO COARSE MESH
1- TO FINE MESH
2- TO SUBMESH

NTHPT ORIENTATION OF FIRST FINE MESH INTERVAL IN
TRIANGULAR GEOMETRIES. NTRIAG=2 ONLY.
1- TRIANGLE(l,l) POINTS AWAY FROM FIRST

DIMENSION AXIS, I.E., NO INTERNAL MESH
LINE INTERSECTS THE ORIGIN.

2- TRIANGLE(l,l) POINTS TOWARD THE FIRST
DIMENSION AXIS, I.E., AN INTERNAL MEsH
LINE INTERSECI’S THE ORIGIN.

NGOP RESERVED

,------------------------------------------------------------

—

-------

c-----------------------------------------------------------------------
CR ONE DIMENSIONAL COARSE MESH INTERVAL BOUNDARIES AND FINE -
CR MESH INTERVALS (2D RECORD)
.
L

cc PRESENT IF IGOM.GT.O AND IGOM.LE.3
m
L

CL (XMESH(I), I=l,NCB~I) ,(IFIN’_JX(I),I=l,NCI~I)
c
Cw NCBNDI*MULT+NCINTI
c
CD XMESH COARSE MESH BOUNDARIES, FIRST DIMENsIoN
CD IFINTS NUMBER OF EQUALLY SPACED FINE MESH INTERVALS
CD PER COARSE MESH INTERVAL, FIRST DIMENsIoN.
CD NCBNDI NCINTI+l,’ NUMBER OF FIRST DIMENSION COARSE MESH -
CD BOUNDARIES
c
cc UNITS ARE CM FOR LINEAR DIMENSIONS AND RADIANS FOR ANGULAR -
cc DIMENSIONS
c
c----------------------------------------------------- —---------—---

c--------------—— ---—-—-———---——————-——--——---—-—------—--—-

CR TWO DIMENSIONAL COARSE MESH INTERVAL BOUNDARIES AND FINE -
CR MESH INTERVALS (3D REcORD)
c
cc PRESENT IF IGOM.GE.6 AND IGOM.LE.11
c
CL (xMESH(I), I=l,NCBNDI) ,(YMESH(J),J=l,NcBNDJ) ,
CL l(IFINTS (I),I=l,NCI~I) ,(JFINTS (J),J=l,NCINTJ)
c
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I

m (NCBNDI+NCBNDJ) *MULT+NCINTI +NCINTJ
c
CD YMESH COARSE MESH BOUNDARIES, SECOND DIMENSION
CD JFINTS NUMBER OF EQUALLY SPACED FINE MESH INTERVALS
CD PER COARSE MESH INTERVAL , SECOND DIMENSION.
CD NCBNDJ NCINTJ+l, NUMBER OF SECOND DIMENSION COARSE
CD MESH BOUNDARIES
c
cc FOR UNIFORM-TRIANGULAR-MESH GEOMETRY (IGOM = 9) THE
cc LENGTH (L) OF THE SIDE OF A MESH TRIANGLE MUST BE GIVEN
cc BY THE EXPRESSION
cc L = 2.*( XMESH(2) -KMESH(l) )/IFINTS (l) .
cc FOR UNIFORM-HEKAGONAL-MESH GEOMETRY (IGOM = 10) THE
cc FLAT-TO-FLAT DISTANCE (FTF) ACROSS A MESH HEKAGON MUST
cc BE GIVEN BY THE EXPRESSION
cc FTF = (~ESH(2) -XMESH(l) )/IFINTS (l)
c
c--------– ______________________________________________________ ,-———

c-----------------------------------------------------------------------
CR
CR
c
cc
c
CL
CL
CL
c
Cw
c
CD
CD
CD
CD
CD
c
cc
cc
cc
cc
cc
cc
cc
cc
c

THREE DIMENSIONAL COARSE MESH INTERVAL BOUNDARIES AND FINE -
MESH INTERVALS (4D RECORD)

PRESENT IF IGOM.GE.12 .AND. IGOM.LT.1OO

(XMESH(I),I=l,NCBNDI) ,(YMESH(J),J=l,NCBNDJ) ,
l(ZMESH(K),K=l,NCBNDK) ,(IFINTS (I),I=l,NCINTI) ,
2(~INTS (J),J=l,NCINTJ) , (KFINTS (K),K=l,NCINTK)

(NcBNDI+NcBNDJ+NcBNDK )*MULT+NCINTI +Nc~TJ+NcINTK

ZMESH COARSE MESH BOUNDARIES, THIRD DIMENSION
KFINTS NUMBER OF EQUALLY SPACED FINE MESH INTERVALS

PER COARSE MESH INTERVAL, THIRD DIMENSION.
NCBNDK NCINTK+l, NUMBER OF THIRD DIMENSION COARSE MESH

BOUNDARIES

FOR UNIFORM-TRIANGULAR-MESH GEOMETRY (IGOM = 17) THE
LENGTH (L) OF THE SIDE OF A MESH TRIANGLE MUST BE GIVEN -
BY THE EXPRESSION —

L = 2.*(xMEsH(2)-=SH(l))/IFINTS (1)
FOR UNIFORM-HEXAGONAL-MESH GEOMETRY (IGOM =.18) THE
FLAT-TO-FLAT DISTANCE (FTF) ACROSS A MESH HEKAGON MUST -
BE GIVEN BY THE EXPRESSION

FTF = (KMESH(2)-KMESH(l))/IFINTS (1)

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

c----------------------------------------------------------------------
CR GEOMETRY DATA (5D RECORD)
c
cc PRESENT IF IGOM.GT.O OR NBS.GT.O
c
CL (VOLR(N),N=l,NREG) ,(BSQ(N),N=l,NBS) ,(BNDC(N),N=l,NBCS) ,
CL (BNCI(N),N=l,NIBCS), ((NZHBB (N),N=l,NZWBB), (NZC(N),N=l,NZONE) , -
CL (NZNR(N),N=l,NREG)
c
Cw 2*NREG+NBS+NBCS +NIBCS+NZWBB+NZONE
c
CD VOLR REGION VOLUMES (CC)
CD BSQ BUCKLING (B**2) VALUES (CM**-2)
CD BNDC BouNDA.Ry CONSTANTS (DEL PHI/PHI .-c/D)
CD BNCI INTERNAL BLACK BOUNDARY CONSTANTS
CD NZHBB ZONE NUMBERS WITH BLACK ABSORBER CONDITIONS
CD NZC ZONE CLASSIFICATIONS
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CD NZNR ZONE NUMBER ASSIGNED TO EACH REGION
c
c-----------------------------------------------------------------------

.

c-----------------------------------------------------------------------
CR REGION ASSIGNMENTS TO COARSE MESH INTERVALS (6D RECORD) -
c
cc PRESENT IF IGOM.GT.O AND NRASS.EQ.O
c
CL ((MR(I,J), I=l,NCINTI),J=I,NCINTJ) ----NOTE sTRucm BELow---- -
c
m NCINTI*NCINTJ
c
Cs DO 1 K=l,NCINTK
CS 1 READ(N) *LIST AS ABOVE*
c
CD MR REGION NUMBERS
CD INTERVALS
c

ASSIGNED TO COARSE MESH

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

c------------------------------------------------------------------
&
c
cc
c
CL
c
Cw
c
Cs
Cs 1
c
CD
c
c----

cc

REGION ASSIGNMENTS TO FINE MESH INTERVALS (7D RECORD) -

PRESENT IF IGOM.GT.O AND NRASS.EQ.1

((MR(I,J), I=l,NINTI),J=l,NINTJ) ----NOTE STRUCTURE BELOW---- -

NINTI*NINTJ

DO 1 K=l,NINTK
READ(N) *LIST AS ABOVE*

MR REGION NUMBERS ASSIGNED TO FINE MESH INTERVALS

-------------------------------------------------------------------

THE FULL PROBLEM AREA MAY BE DECOMPOSED INTO A SET OF SEPARATE -
CC SMALLER AREAS, EACH WITH A MESH OF ITS OWN, CALLED A SUBMESH.
CC EACH SUB-MESH IS THEN DESCRIBED SEPARATELY. SOME VERTICES ON THE -
CC EXTERIOR OF A SUBMESH MAY ALSO LIE IN A CONTIGUOUS SUBMESH.
cc
cc NOTICE THERE IS NO IMPLIED CONSTRAINT THAT EACH EXTtiIOR SUBMESH -
CC VERTEX MATCH A VERTEX ON AN ADJACENT SUBMESH. THUS, ONE SUBMESH MAY-
CC BE FINER THAN ITS ADJOINING ONE.
cc

c-----------------------------------------------------------------------
CR GENERALIZED 2D SPECIFICATIONS (8D RECORD)
c
cc PRESENT IF IGOM.EQ.1O6 OR IGOM.EQ.1O7
c
CL NSMESH,NZONIG ,NOBJS,NCOMPS ,NEB,
CL MAXVTX,MAXICN, MAXINT, NUMVTX,NUMICN,NUMINT,NUMCOM,NCOMGE,NAMLEN -
c
Cw 14
c
CD NSMESH NUMBER OF SUBMESHES
CD NZONIG NUMBER OF ZONINGS
CD NOBJS NUMBER OF OBJECTS
CD NCOMPS NUMBER OF COMPONENTS IN GEOMETRY
CD NEB NUMBER OF EXTERNAL BOUNDARY SEGMENTS
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CD MAXVTX MAXIMUM NUMBER OF VERTEXES IN A SUBMESH
CD MAXICN MAXIMUM NUMBER OF INTERVAL CORNERS IN A SUBMESH
CD MAXINT MAXIMUM NUMBER OF INTERVALS IN A SUBMESH
CD NUMVTX TOTAL NUMBER OF VERTEXES IN ALL SUBMESHES
CD NUMICN TOTAL NUMBER OF INTERVAL CORNERS IN ALL SUBMESHES -
CD NUMINT TOTAL NUMBER OF INTERVALS IN ALL SUBMESHES
CD NUMCOM TOTAL NUMBER OF SUBCOMPONENTS IN ALL COMPONENTS
CD AND THE GEOMETRY
CD NCOMGE TOTAL NUMBER OF SUBCOMPONENTS IN GEOMETRY
CD NAMLEN NUMBER OF A6 WORDS IN A SUBMESH, OBJECT, OR
CD COMPONENT NAME
c
c---------------------------------------------------------_____________:

c-----------------------------------------------------------------------
CR SUBMESH JOINING DATA (9D RECORD)
c
cc PRESENT IF IGOM.EQ.1O6 OR IGoM.EQ.1O7
~

CL XYEPS
c
Cw l*~LT . -~ OF wo~s

c
CD XYEPS EPSILON FOR POSITION IDENTITY
c
CC NOTE: WHEN JOINING TWO SUBMESHES TO FORM A LARGER MESH, SOME
cc INTERFACE VERTEXES MAY BE DESCRIBED TWICE, ONCE IN EACH
cc SUBMESH. IF THEY LIE WITHIN XYEPS OF EACH OTHER, THEY MAY -
cc BE CONSIDERED TO BE THE SAME VERTEX.
c---------------------------------------------------------____________:

c-----------------------------------------------------------------------
CR SUB-MESH NAME (1OD RECORD)
c
cc
c

PRESENT IF IGOM.EQ.1O6 OR IGOM.EQ.1O7 —

CL SNAME
c
Cw l*MULT*NAMLEN = NUMBER OF WORDS
c
CD SNAME HOLLERITH SUB-MESH NAME (A6)
c
c----------------------------------------------------------__________:

c------------------------ _ _--—————— ___________________________________
CR SUB-MESH SPECIFICATIONS (llD RECORD)
c
cc PRESENT IF IGOM.EQ.1O6 OR IGOM.EQ.1O7
m
L

CL NVTX,ILR,IM, JM,NEDGES,NINT
c
m 6 = NUMBER OF WORDS
c
CD NVTX NUMBER OF VERTICES
CD ILR FLAG FOR LOGICALLY

IN THIS SUB-MESH
RECTANGULAR SUB-MESH DOMAIN

CD 0 - NOT A LOGICALLY RECTANGULAR DOMAIN
CD
CD
CD
CD
CD
CD
CD
c
c--

1 - LOGICALLY RECTANGULAR DOMAIN
IM NUMBER OF VERTICES IN THE X DIRECTION IF THE

SUB-MESH HAS A LOGICALLY RECTANGULAR lX3MAIN
JM NUMBER OF VERTICES IN THE Y DIRECTION IF THE

SUB-MESH HAS A LOGICALLY RECTANGULAR EC)MAIN
NICNT TOTAL NUMBER OF INTERVAL CORNERS IN THE SUB-MESH -
NINT NUMBER OF MESH INTERVALS IN THE SUB-MESH

_____________________________________________________________________
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c------------------------------------------------------------------ -----

CR SUB-MESH VERTEXES (12D RECORD )
c
cc PRESENT IF IGOM. EQ.1O6 OR IGOM. EQ.107
c
CL (XVERT(I), 1=1,NVTX), (YVERT(I), 1=1,NVTX)
c
Cw 2*NVTX*MULT = NUMBER OF WORDS
c
CD XMESH X COORDINATES OF VERTICES
CD YMESH Y COORDINATES OF VERTICES
c
c----------------------------------------------------------------------

c
c
c
c
c
c
c
c
c
c

FOR A IK)GICALLY RECTANGULAR DOMAIN, THE EDGES AND
INTERVALS ARE AUTOMATICALLY DEFINED. THE FIRST IM+l
VERTEXES ABOVE FORM, IN ORDER,THE FIRST LINE IN THE FIRST
DIMENSION, THE SECOND IM+l POINTS FORM THE SECOND LINE.
A LINE CONTAINS IM EDGES, EACH FORMED BY CONNECTING
SUCCESSIVE VERTEXES AND EACH VERTEX IN THE FIRST LINE IS
CONNECTED BY AN ElX2E TO THE CORRESPONDING VERTEX IN THE
SECOND LINE. THIS SERIES OF EDGES ENCLOSES THE FIRST IM
INTERVALS. CONTINUING THIS PROCESS THRU ALL THE LINES
GENEIWTES THE FULL LOGICALLY RECTANGULAR MESH STRUCTURE.

c------------------------------------------------------------------
CR SUB-MESH INTERVAL CORNER COUNTS (13D RECORD)
c
cc PRESENT IF (IGOM.EQ.1O6 OR IGOM.EQ.1O7) AND ILR.EQ.O
c
CL (NICN(I), I=l,NINT)
c
Cw NINT = NUMBER OF WORDS
c-----------------------------------------------------------------------
c
CD NICN(I) NUMBER OF CORNERS IN INTERVAL I
c
c-----------------------------------------------------------------------

c-----------------------------------------------------------------------
CR SUB-MESH INTERVALS (14D RECORD)
c
cc PRESENT IF (IGOM.EQ.1O6 OR IGOM.EQ.1O7) AND ILR.EQ.O
c
CL (ICN(I), I=l,NICNT)
c
Cw NICNT = NUMBER OF WORDS
c
CD ICN(I) INDEXES OF VERTEXES SURROUNDING EACH INTERVAL.
CD THE FIRST NICN(l) OF THESE DESCRIBE THE
CD VERTEXES SURROUNDING INTERVAL NUMBER ONE. THE
CD NEXT NICN(2) DESCRIBE THE VERTEXES AROUND
CD INTERVAL NUMBER TWO, AND SO ON.
c
c-----------------------------------------------------------------------

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

CR ZONING NAME (15D RECORD)
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c
cc PRESENT
c
CL ZNAME
c
Cw 1*~LT*N~EN

c

IF (IGOM.EQ.1O6 OR IGoM. EQ.107) zim NRASS. EQ.2 -
—
—

= NUMBER OF WORDS
—

CD ZNAME HOLLERITH ZONING NAME (A6)
c —
c-----------------------------------------------------------------------

c----------------------------------------------------------------------
CR ZONING SPECIFICATIONS (16D RECORD)
.
L

cc PRESENT IF (IGOM.EQ.1O6 OR IGOM.EQ.1O7) AND NRASS.EQ.2 -
L

CL LENZON —
c
Cw 1 = NUMBER OF WORDS —
c
CD LENZON NUMBER OF INTERVALS IN THIS ZONING —
,-
L —

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

c----------------------------------------------------------------------
CR REGION ASSIGNMENTS BY SUBMESH INTERVAL
c
cc PRESENT IF (IGOM.EQ.1O6 OR IGOM.EQ.1O7)
c
CL (MR(I), I=l,LENZON)
c
Cw LENZON = NUMBER OF WORDS
c

(17D RECORD)

AND NRASS.EQ.2 -

—
—
—

CD MR REGION NUMBERS ASSIGNED TO MESH INTERVALS
c
c----------------------------------------------------_______________--:

c-----------------------------------------------------------------------
CR OBJECT NAMES (18D RECORD)
c
cc

—
PRESENT IF IGOM.EQ.1O6 OR IGOM.EQ.1O7

c
CL (OBNAME(I), I=l,NOBJS)
c
Cw NOBJS*MULT*NAMLEN = NUMBER OF WORDS —
c
CD OBNAME HOLLERITH OBJECT NAME (A6)
c
c-----------------------------------------------------________________-:

c-----------------------------------------------------------------------
CR OBJECT SPECIFICATIONS (19D RECORD)
c
cc PRESENT IF IGOM.EQ.1O6 OR IGOM.EQ.1O7
c
CL (KSMESH(I),I=l,NOBJS) ,(KZONIG(I), I=l,NOBJS)

—
—

c
Cw

—
2*NOBJS = NUMBER OF WORDS —

c
CD

—
KSMESH INDEX OF SUB-MESH FOR THIS OBJECT

CD KZONIG INDEX OF ZONING FOR THIS OBJECT
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c
c-----------------------------------------------------------------------

c-----------------------------------------------------------------------
CR COMPONENT NAME (20D RECORD)
c
cc PRESENT IF IGOM.EQ.1O6 OR IGOM.EQ.1O7
c
CL CMNAME
c
Cw MULT*NAMLEN = NUMBER OF WORDS
c
CD CMNAME HOLLERITH COMPONENT NAME (A6)
c
c-----------------------------------------------------------------------

c----------------------------------------------------------------------
CR COMPONENT SPECIFICATIONS (21D RECORD)
c
cc PRESENT IF IGOM.EQ.1O6 OR IGOM.EQ.1O7
c
CL NSCOMS
c
Cw 1 = NUMBER OF WORDS
c
CD NSCOMS NUMBER OF SUBCOMPONENTS IN COMPONENT
c
c-----------------------------------------------------------------------

c-----------------------------------------------------------------------
CR COMPONENT DESCRIPTION (22D RECORD)
c
cc PRESENT IF IGOM.EQ.1O6 OR IGOM.EQ.1O7
c
CL (XO(I), I=l,NSCOMS), (YO(I), I=l,NSCOMS), (THETA(I), I=l,NscC)Ms) , -
CL (XTRANS(I),I=l,NSCOMS) ,(YTRANS (I),I=l,NSCOMS) ,
CL (IOBJ(I),I=l,NSCOMS)
c
Cw 5*NscoMs*~LT+Nsc0Ms . NUMBER OF wo~s

c
CD Xo X COORDINATE OF ROTATION POINT
CD YO Y COORDINATE OF ROTATION POINT
CD THETA ROTATION ANGLE, CLOCKWISE DEGREES
CD XTRANS X COORDINATE TRANSLATION DISTANCE
CD YTRANS Y COORDINATE TRANSLATION DISTANCE
CD IOBJ INDEX OF AN OBJECI’ OR COMPONENT
CD POSITIVE FOR OBJECT
CD NEGATIV73 FOR COMPONENT
c
c-----------------------------------------------------------------------

c-----------------------------------------------------------------------
CR GEOMETRY NAME (23D RECORD)
c
cc PRESENT IF IGOM.EQ.1O6 OR IGOM.EQ.1O7
c
CL CMNAME —

c
Cw MULT*NAMLEN = NUMBER OF WORDS
c
CD GENAME HOLLERITH GEOMETRy NAME (A6)
c
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c------------------------------------------------------------------

c---------––——— ______________________________________________________

CR GEOMETRY SPECIFICATIONS (24D RECORD)
L

cc PRESENT IF IGOM.EQ.1O6 OR IGOM.EQ.1O7
c
CL NSCOMS
c

—

Cw 1 = NUMBER OF WORDS
m

;D NSCOMS NUMBER OF SUBCOMPONENTS IN GEOMETRY

:____-__--___----_-------_----_----__---__---___-_-________-____--___:

c-----------------------------------------------------------------------
CR GEOMETRY DESCRIPTION (25D RECORD)
c
cc PRESENT IF IGOM.EQ.1O6 OR IGOM.EQ.1O7
P
L

CL (XO(I), I=l,NSCOMS), (Y()(I),I=l,NSCOMS), (THETA(I), I=l,NSCOMS) , ~
CL (XTRANS (I),I=l,NSCOMS) ,(YTIWNS (I),I=l,NSCOMS) ,
CL (IOBJ(I), I=l,NSCOMS)
c
m 5*NSCOMS*MULT+NSCOMS = NUMBER OF WORDS
c
CD XO X COORDINATE OF ROTATION POINT
CD YO Y COORDINATE OF ROTATION POINT
CD THET’A ROTATION ANGLE, CLOCXWISE DEGREES
CD XTRANS X COORDINATE TRANSLATION DISTANCE
CD YTRANS Y COORDINATE TRANSLATION DISTANCE
CD IOBJ INDEX OF AN OBJECT OR COMPONENT
CD POSITIVE FOR OBJECT
CD NEGATIVE FOR COMPONENT
c
c---------------------------------------------_-----______________----:

c------–––— _________________________________________________________
CR
c
cc
c
CL
c
m
c
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
c
c
CD
CD

BOUNDARY SEGMENT, CONDITION (26D RECORD)

PRESENT IF IGOM.EQ.1O6

X1,Y1,X2,Y2,BTHETA, IB, IR

5*MULT+2 = NUMBm OF WORDS

OR IGOM.EQ.1O7 AND NEB.GT.O

xl X COORDINATE OF STARTING POINT
Y1

—
Y COORDINATE OF STARTING POINT

x2 X COORDINATE OF ENDING POINT
Y2 Y COORDINATE OF ENDING POINT
BTHETA COUNTERCLOCKWISE ANGLE BETWEEN THIS SEGMENT AND ITS -

RECIPIENT SEGMENT (IF ANY). UNITS ARE DEGREES
IB BOUNDARY CONDITION

SAME OPTIONS AS ml IN ID RECORD, PLUS:
7 - EXITING ANGULAR FLUXES REENTER ELSEWHERE
8 - EXITING ANGuu+l? FLUXES ARE MIRROR

IMAGED ABOUT THE PERPENDICULAR TO THE
SEGMENT AND THEN REENTERED ELSEWHERE

IR INDEX OF THE BOUNDARY SEGMENT THAT IS THE
RECIPIENT OF FLUXES EXITING THIS SEGMENT —
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CD (NEEDED ONLY FOR IB=7 OR 8)
c
c----------------------------------------------------------------------
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GEOSING

This file communicates the geometry information from the Solver module of
TWODANT/GQ to the EDIT module. It is of the form of an extended GEODST file, but
consists of the single submesh and zoning that the Solver module assembled from the
original, possibly multi-submesh, extended, GEODST file.
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LNK3DNT

The LNK3DNT file is a binary, code dependent file to enable the mixing of macroscopic
cross sections on the fine mesh by a volume fraction method. This is used in
TWODANT and THREEDANT only in either X-Y or X-Y-Z symmetries respectively to
model more complicated geometrical bodies in those symmetries.

c**********************************************************************-
c DATE 02/15/95
c
CF LNK3DNT
CE FINE MESH MIXING FILE
Lc**********************************************************************_

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

L

CN THIS FILE PROVIDES THE FINE MESH MIXING PRESCRIPTIONS
c
c
c----------------------------------------------------------------------

c-----------------––-----–– -----—-----——---—--------—-------------------

c
c
CD NOTE THAT DOUBLE PRECISION VOLUME FRACTIONS -
CD ARE GIVEN WHEN MULT=2
c
c
c-----------------------------------------------------------------------

c------------------------------------------------------------------
;R FILE IDENTIFICATION
?-l
L

CL HNAME, (HUSE(I),I=1,2) ,IVERS
c
Cw 1+3*MuLT=NUMBER OF WORDS
n
L

CD HNAME HOLLERITH FILE NAME - LNK3DNT -- (A6)
CD HUSE(I) HOLLERITH USER IDENTIFICATION (A6)
CD IVERS FILE VERSION NUMBER
CD MULT DOUBLE PRECISION PARAMETER
CD -1- A6 WORD IS SINGLE WORD
CD 2- A6 WORD IS DOUBLE PRECISION WORD
c
c-----------------------------------------------------------------------

c---------------------------------------------------------------------
CR SPECIFICATIONS
c
CL NMXSP,NINTI ,NINTJ,NINTK
c
Cw 4 =NUMBER OF WORDS
c
CD NMXSP NUMBER
CD NINTI NUMBER
CD NINTJ NUMBER

(1D RECORD)

OF
OF
OF

MIXING INSTRUCTIONS
FIRST DIMENSION FINE MESH INTERVALS -
SECOND DIMENSION FINE MESH INTERVALS -
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CD NINTK NUMBER OF THIRD DIMENSION FINE MESH INTERVALS -
c
c-----------------------------------------------------------------------

c-----------------------------------------------------------------------
CR MIXING ARRAYS (2D RECORDS)
c
CL (IDC(I), I=l,NMXSP)
c
Cw NMXSP=NUMBER OF WORDS
c
CL (DEN(I),I=l,WSP)
c
Cw NMXSP*MULT=NUlfBER OF WORDS
c
CL (IPT(I), I=l,NMXSP)
c
m NMXSP=NUMBER OF WORDS
c
CD ICD(I) MACROSCOPIC MATERIAL NUMBER AT I
CD DEN(I) VOLUME FRACTION AT I
CD IPT(I) FINE MESH CELL NUMBER AT I
c
c------------------------------------------------------
CEOF

—

—

———————————————
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MACRXS

The MACRXS code-dependent interface file is the working cross-section file for the
Solver Module. On the MACRXS file are the material macroscopic cross sections
arranged in energy-group order. The contents of this file are described below:

c**** ***** ***** ***** ***** **********************************************_

c DATE 05/12/83
c
CF MACRXS
CE CODE DEPENDENT MACROSCOPIC MULTIGROUP CROSS SECTION FILE -
CE FOR USE IN ONEDANT SOLVER MODULE
c
c
c**********************************************************************_

c
CN THIS FILE PROVIDES A BASIC BROAD GROUP
CN LIBRARY, ORDERED BY GROUP
c
c ORDER OF GROUPS IS ACCORDING ~ DECREASING ENERGY -
c
c-----------------------------------------------------------------------
Cs FILE STRUCTURE
Cs
Cs RECORD TYPE PRESENT IF
Cs .=.=.========================= --------—— .— ======
Cs FILE IDENTIFICATION ALWAYS
Cs FILE CONTROL ALWAYS
Cs FILE DATA ALWAYS
Cs
Cs *************(REPEAT FOR ALL GROUPS)
Cs * PRINCIPAL CROSS SECTIONS ALWAYS
Cs * SCATTERING CONTROL DATA NORD.NE.0
Cs * SCATTERING MATRIX NORD.NE.(1
Cs *************

c
c-----------------------------------------------------------------------
c
c
c-----------------------------------------------------------------------
CR FILE IDENTIFICATION
c
CL HNAME, (HUSE(I),I=1,2) ,IVERS
c
Cw 1+3*M7JLT=NUMBER OF WORDS
c
CD HNAME HOLLERITH FILE NAME - MACRXS - (A6)
CD HUSE(I) HOLLERITH USER IDENTIFICATION (A6)
CD IVERS FILE VERSION NUMBER
CD MULT DOUBLE PRECISION PARAMETER
CD 1- A6 WORD IS SINGLE WORD
CD 2- A6 WORD IS DOUBLE PRECISION WORD
c
c______________________________________________________________________

c-----------------------------------------------------------------------
CR FILE CONTROL
c
CL NGROUP,NMAT, NORD,NED,IDPF, LNG,MAXUP,MAXDN, NPRIN,12LP1
c
Cw 10.NUMBER OF WORDS
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c
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD

NGROUP
NMAT
NORD
NED

IDPF
LNG
MAxuP
MAXDN
NPRIN
12LP1

NUMBER OF ENERGY GROUPS IN FILE
NUMBER OF MATERIALS IN FILE
NUMBER OF LEGENDRE SCATTERING ORDERS
NUMBER OF EXTRA EDIT CROSS SECTIONS (IN ADDITION -
TO THE BASIC PRINCIPAL CROSS SECTIONS)
0/1 NO/YES CROSS SECTION DATA ARE DOUBLE PRECISION -
NUMBER OF THE LAST NEUTRON GROUP(FOR COUPLED SETS) -
MAXIMUM NUMBER OF UPSCATTER GROUPS
MAXIMUM NUMBER OF DOWNSCATTER GROUPS
NUMBER OF PRINCIPAL CROSS SECTIONS
0/1 = NO/YES 2L+1 TERM WAS INCLUDED IN LIBRARY -

~

c-----------------------------------------------------------------------
c
c
c-----------------------------------------------------------------------
CR
c
CL
CL
c
Cw
c
CD
CD
CD
CD
CD
CD
c
CN
CN
CN
CN
CN
CN
CN
c
CN
c
CN
c

FILE DATA

(MT(I),I=l,NMAT) ,(HED(J),J=l,NEDT) ,(VEL(N),N=l,NGROUP) ,
l(EMAX(N),N=l,NGROUP) ,EMIN

(N24AT+NEDT+2*NGR0UP+l) *MULT=NUMBER OF woRDs

HMAT(I) HOLLERITH MATERIAL LABEL FOR MATERIAL I (A6)
HED(J) HOLLERITH LABEL FOR J-TH CROSS SECTION POSITION(A6)-
VEL (N) MEAN NEUTRON VELOCITY IN GROUP N (CM/SEC)
EMAX(N) MAXIMUM ENERGY
EMIN MINIMUM ENERGY
NEDT NED+NPRIN

THE FOUR BASIC
ALWAYS PRESENT

HED(l) =
HED(2) =
HED(3) =
HED(4) =

BOUND OF GROUP N (iV)” ‘
BOUND OF SET (EV)

PRINCIPAL CROSS SECTIONS
ARE:

3HCHI
6HNUSIGF
5HTOTAL
3HABS

ALSO PRESENT WHEN NPRIN=5 IS:

HED(5) . 5HTRANS

c-----------------------------------------------------------------------
c----------------------------------------------------------------------
CR PRINCIPAL CROSS SECTIONS FOR GROUP N
c
CL ((C(I,J), I=l,NMAT),J=l,NEDT)
L

Cw NMAT*NEDT*MULT=NUMBER OF WORDS
c
CD C(I,J)
L

CN
CN
CN
CN
CN
CN
c
CN
c
CN
c

PRINCIPAL CROSS SECTIONS

BASIC PRINCIPAL CROSS SECTIONS ALWAYS PRESENT

J=l FISSION SPECTRUM
J=2 FISSION NU*FISSION CROSS SECTION
J=3 TOTAL CROSS SECTION
J=4 ABSORPTION CROSS SECTION

ALSO PRESENT WHEN NPRIN=5 IS:

J=5 TRANSPORT CROSS SECTION

ARE: -

c-----------------------------------------------------------------------
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c
c-----------------------------------------------------------------------
CR SCATTERING CONTROL BLOCK FOR GROUP N
c
cc PRESENT IF NORD .GT .0
c
CL ((NGPB(L, J) ,L=l,NORD) ,J=l,NNAT)
CL ((IFSG(L,J),L=l,NORD) ,J=l,NMAT)
c
m 2*NO~*~T=-~ oF ~~s

c
CD NGPB(L,J) NUMBER OF SOURCE GROUPS THAT CAN SCATTER INTO GROUP N-
CD IFSG(L,J) GROUP NUMBER OF THE FIRST SOURCE GROUP
CD L LEGENDRE ORDER NUMBER
CD J MATERIAL NUMBER
c
c-----------------------------------------------------------------------
c-----------------------------------------------------------------------
CR
c
cc
c
CL
c
Cw
c
CD
c
CD
CD
CD
CD
c
CN
CN
CN
CN
CN
CN
CN
c
CN
CN
CN
c

SCATTERING SUB-BLOCK FOR GROUP N

PRESENT IF NORD.GT.fl

(SCAT(I), I=l,NTAB)

NTAB*MULT=NUMBER OF WORDS

SCAT (I) SCATTERING CROSS SECTION

NTAB TABLE LENGTH OF THE CROSS SECTIONS FOR SCATTERING -
INTO GROUP N. THIS IS FOR ALL MATERIALS AND ALL -
LEGENDRE ORDERS, THUS IT IS THE SUM OF NGPB(L,J) -
OVER LFROMITONORD AND OVER JFROMI TONMAT. -

THE SCATTERING CROSS SECTIONS ARE PACKED IN BANDS, -
ONE FOR EACH LEGENDRE ORDER AND MATERIAL. EACH BAND-
CONTAINS THE NGPB GROUPS WHICH SCATI’ER INIYl GROUP -
N. THE FIRST SOURCE GROUP NUMBER IS IFSG AND -
THE LAST IS IFSG-NGPB+l. THE NORD BANDS FOR THE -
FIRST MATERIAL APPEAR FIRST (PO, PI, ....) FOLLOWED-
BY THE NORD BANDS FOR THE SECOND, ETC.

HIGHER LEGENDRE ORDER SCATTERING CROSS SECTIONS -
INCLUDE A 2*L+1 FACTOR WHERE L IS THE LEGENDRE -
ORDER .

c-----------------------------------------------------------------------
CEOF
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RAFLXM for TWODANT

The RAFLXM file is a binary, code-dependent file containing the angular fluxes at each
fine-mesh boundary. It differs from the standard angular flux file RAFLUX only in that
the fluxes are in different angular order. In RAFLXM, the fluxes are in calculational
order according to the sweeping; i.e., angles for each level of a quadrant.

c**** ***** ***** ***** ***** **********************************************_

c DATE 12/13/85
c
CF RAFLXM
CE CODE DEPENDENT COMPUTATIONAL-ORDERED ANGULAR FLUX AT CELL -
CE EDGES FOR TWODANT CODE
c
c**********************************************************************_

c-----------------------------------------------------------------------
c
c —

CN THIS FILE PROVIDES THE EDGE ANGULAR FLUX AS ORDERED -
CN BY THE CODE —
c —

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

c-----------------------------------------------------------------------
c
CD ORDER OF GROUPS IS ACCORDING TO DECREASING -
CD ENERGY. NOTE THAT DOUBLE PRECISION FLUXES ARE -
CD GIVEN WHEN MULT=2
c
c----------------------------------------------------------------------

c----------------------------------------------------------------------
Cs FILE STRUCTURE
Cs
Cs

—
RECORD TYPE PRESENT IF

Cs =.====.==.=S=== ==. ...==== .==..= -—--———— _______——____________
Cs FILE IDENTIFICATION ALWAYS
Cs FILE CONTROL ALWAYS
Cs
Cs ************* (~pwT FOR ALL GROUPS)

Cs * (GROUP 1 IS FIRST)
Cs *

—
*********(REPEAT FOR ALL DIRECTIONS)

Cs * *
—

COMPUTATIONAL COSINES ALWAYS
Cs * * HORIZONTAL-EDGE ANGULAR FLUX ALWAYS
Cs * * VERTICAL-EDGE ANGULAR FLUX ALWAYS
Cs * *********

Cs *************
c
c-----------------------------------------------------------------------

c----------------------------------------------------------------------
CR FILE IDENTIFICATION
~

CL HNAME, (HUSE(I), I=1,2),IVERS
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c
Cw 1+3*MULT=NUMBER OF WORDS
c
CD HNAME HOLLERITH FILE NAME - RAFLXM - (A6)
CD HUSE(I) HOLLERITH USER IDENTIFICATION (A6)
CD IVERS FILE VERSION NUMBER
CD MULT DOUBLE PRECISION PARAMETER
CD 1- A6 WORD IS SINGLE WORD
CD 2- A6 WORD IS DOUBLE PRECISION WORD
c
c------------------------------------------------------- ----— --------

c-----------------------------------------------------------------------
CR SPECIFICATIONS (1D RECORD)
c
CL NDIM,NGROUP, NINTI,NINTJ, NINTK,EFFK,POWER
c
Cw 8 =NUMBER OF WORDS
c
CD NDIM NUMBER OF DIMENSIONS
CD NGROUP NUMBER OF ENERGY GROUPS
CD NINTI NUMBER OF FIRST DIMENSION FINE MESH INTERVALS -
CD NINTJ NUMBER OF SECOND DIMENSION FINE MESH INTERVALS -
CD NINTK NUMBER OF THIRD DIMENSION FINE MESH INTERVALS. -
CD NINTK.EQ.1 IF NDIM.LE.2
CD EFFK EFFECTIVE MULTIPLICATION FACTOR
CD POWER POWER IN WA’I%S TO WHICH FLUX IS NORMALIZED -
c
c-----------------------------------------------------------------------

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

CR COMPUTATIONAL COSINES
c
CL XMU,XETA,WEIGHT, KM
c
Cw 4*MULT

c
CD XMU MU COSINE
CD XETA ETA COSINE
CD WEIGHT WEIGHT
CD KM COMPRESSED COSINE TABLE INDEX
c
c----------------------------------------------------------------------

c-----------------------------------------------------------------------
CR HORIZONTAL EDGE ANGULAR FLUX
c
CL ((HEIYGE(I,J),I=NBDRYI) ,J=l,NINTJ)
c
Cw NBDRYI*NINTJ*MULT=NUMBER OF WORDS
c
CD HEDGE(I,J) HORIZONTAL-EDGE-BOUNDARY ANGULAR FLUX
c
CD NBDRYI NINTI+l (NUMBER OF FIRST DIMENSION FINE MESH
CD BOUNDARIES )
c
c-----------------------------------------------------------------------

c-----------------------------------------------------------------------
CR VERTICAL EDGE ANGULAR FLUX
c
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CL ((VEDGE(I, J) ,1=1,NINTI) ,J=I,NBDRYJ)
c
Cw NINTI*NBDRYJ*MULT. mBER oF wo~s
c
CD VEDGE(I, J) VERTICAL-EDGE-BOUNDARY ANGULAR FLUX
c
CD NBDRYJ NINTJ+l (NUMBER OF SECOND DIMENSION FINE MESH -
CD BOUNDAllIES)
c
c---------------.-------------________.__----_________________________:

VERTICAL EEGE
-—__________

I

[ HORIZO~~

/

-—__________
CEOF

EDGE
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RAFLXM for THREEDANT

The WWLXM file is a binary, code-dependent file containing the angular fluxes for the
flux at each fine-mesh boundary. It differs from the standard angular flux file FU4FLUX
only in that the fluxes are in different order. In R4FLXM, the fluxes are in calculational
order.

c******************* ***************************************************-
c DATE 03/03/95
c
CF RAFLXM
CE CODE DEPENDENT COMPUTATIONAL-ORDERED ANGULAR FLUX AT CELL -
CE EDGES FOR THREEDANT CODE
c
c**********************************************************************-

c-------------------------- —--------.-.---.---——--——---——--------------

c
c
CN THIS FILE PROVIDES THE EDGE ANGULAR FLUX AS ORDERED -
CN BY THE CODE
c
c
c-----------------—–---––--–-——— ------—--——--.-—.--—-—— --------------

c--------------------------------------------------------------------
C
CD ORDER OF GROUPS IS ACCORDING TO DECREASING
CD ENERGY. NOTE THAT DOUBLE PRECISION FLUXES ARE
CD GIVEN WHEN MULT=2 —

c
c---------–---------------— ------—----—---——---—-----——-----------

--

--

c------------------------- —-----—---—----——---------------—----------

Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs

FILE STRUCTURE

RECORD TYPE PRESENT IF
===== ..==. .===. .—-== ===. .===. ====—=.======
FILE IDENTIFICATION ALWAYS
FILE CONTROL ALWAYS

*************(REPEAT FOR ALL GROUPS)

* (GROUP 1 IS FIRST)
* ********(~pEAT FoR ML FRoNT-~ING Directions)
* * COMPUTATIONAL COSINES ALWAYS
* * CELL BACK-EDGE ANGULAR FLUX FOR BACK PLANE
* *******
*
* *******(~pEAT FOR ALL z_I~ERvALs)

* (INTERVAL NINTK IS FIRST)
* * ******(~pEAT FoR ~L FRoNT-Go~G DI~~I~s)
* * * COMPUTATIONAL COSINES ALWAYS
* * * HORIZONTAL-EDGE ANGULAR FLUX ALWAYS
* * * VERTICAL-EDGE ANGULAR FLUX ALWAYS
* * * CELL FRONT-EDGE ANGULAR FLUX ALWAYS
* * *****
* * ******
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*Cs
Cs * ***** ***(~p~T FoR ALL BACK-GOING DIRECTIONS)
Cs * * COMPUTATIONAL COSINES
Cs *

ALWAYS
* CELL FRONT-EDGE ANGULAR FLUX FOR FRONT PLANE

Cs * *******

Cs *
Cs * ***** **(~p~T FoR ALL z–INTERVALs)

Cs * (INTERVAL 1 IS FIRST)
Cs * * ****** (REPEAT FOR ALL BACK–GOING
Cs * * * COMPUTATIONAL COSINES
Cs * * * HORIZONTAL-EDGE ANGULAR FLUX
Cs * * * VERTICAL-EDGE ANGULAR FLUX
Cs * * * CELL BACK–EDGE ANGULAR FLUX
Cs * * *****

Cs * * ******

Cs *************

c
c--------------------------------------------------- -——___— ____________

DIRECTIONS)
ALWAYS —
ALWAYS
ALWAYS
ALWAYS

c------------------------------------------------- ___-——--——_-—___—_____
CR FILE IDENTIFIcATION
c
CL HNAME, (HUSE(I), I=1,2),IWRS
c
Cw 1+3*MULT.NUMBER OF WO~S
c
CD HN~ HOLLERITH FILE
CD HUSE (I) HOLLERITH USER
CD IVERS FILE VERSION NUMBER

.——,

CD MULT DOUBLE PRECISION PARAMETER
CD 1- A6 WORD IS SINGLE WORD
CD 2- A6 WORD IS DOUBLE PRECISION WORD
m

NAME - RAFLXM - (A6)
IDENTIFICATION [A6)

:------------------------------------------------- ___-—__-—_-—___—____

c--
CR
c
CL
c
Cw
c
CD
CD
CD
CD
CD
CD
CD
CD

----------------------------------------------------------------

SPECIFICATIONS (1D RECORD)

NDIM,NGROUP, NINTI,NINTJ, NINTK,EFFK,POWR

8 =NUMBl?l?OF WOR13S

NDIM NUMBER OF DIMENSIONS
NGROUP NUMBER OF ENERGY GROUPS
NINTI NUMBER OF FIRST DIMENSION FINE MESH INTERVALS
NINTJ NUMBER OF SECOND DIMENSION FINE MESH INTERVALS
NINTK NUMBER OF THIRD DIMENSION FINE MESH INTERVALS.

NINTK.EQ.1 IF NDIM.LE.2
EFFK EFFECTIVE MULTIPLICATION FACTOR
POWER POWER IN WATTS TO WHICH FLUX IS NORMALIZED

:----——— -------------------------------------- --_-—_--——_—— ________ .

—

—

——

c------------------------------------------------- ___-——---__—__________
CR COMPUTATIONAL COSINES
r

—

6L xMU,XETA,xI,WEIGHT,M,K
.

L

CD X&lu MU COSINE
CD X?3TA ETA COSINE

FILEDES~ONS Version3.O
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CD XI XI COSINE
CD WEIGHT WEIGHT
CD M ANGLE INDEX IN THE OCTANT
CD K z-PLANE NUMBER
c
c----------------------------------------------------------------------

c-----------------------------------------------------------------------
CR CELL FRONT-EDGE ANGULAR FLUX
c
CL ((FBEDGE(I,J),I=NINTI) ,J=l,NINTJ)
c
Cw NINTI*NINTJ*MULT=-ER OF WORDS
c
CD FBEIYGE(I,J) CELL FRONT-EDGE ANGULAR FLUX
c
c
c------------------------------------------------------- --------—---

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

CR HORIZONTAL-EDGE ANGULAR FLUX
c
CL ((HEDGE(I,J),I=l,NBDRYI) ,J=l,NINTJ)
c
CD HEDGE(I,J) HORIZONTAL-EDGE -BOUNDARY
c
Cw NBDRYI*NINTJ*MULT=-ER OF WORDS
c
CD NBDRYI NINTI+l (NUMBER OF FIRST
CD BOUNDARIES)
c
c------------------------------------------

ANGULAR FLUX

DIMENSION FINE

---—----— -------

MESH

-------------

c----------------------------------------------------------------------
CR VERTICAL-EDGE ANGULAR FLUX
,-
L

CL ((WDGE(I,J),I=l,NI~I) ,J=l,NBDRYJ)
c
CD VEDGE(I,J) VERTICAL-EDGE-BO~ARY ANGULAR FLUX
L

Cw NINTI*NBRDYJ*MULT=mER OF WORDS
c
CD NBDRYJ NINTJ+l (-ER OF SECOND DI~SION FINE MESH -
CD BOUNDARIES)
c
c-----------------------------------------------------------------------

c---------------------------------------------------------------------
CR CELL BACK-EDGE ANGULAR FLUX
c
CL ((FBEDGE(I,J),I=NINTI) ,J=l,NINTJ)
L

Cw NINTI*NINTJ*MULT=NUMBER OF WORDS
.
L

CD FBEDGE(I,J) CELL BACK-EDGE ANGULAR FLUX
c
c----------------------------------------------------------------------
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CEOF

-a
P
.————.
h

RIGHT

x’
\

\

BOT\TOM

i-
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RMFLUX

The RMFLUX code-dependent file contains, in binary form, the spherical harmonics
regular angular flux moments for all spatial fine mesh points and all energy groups. It is
optionally produced by the Solver Module.

c**** ***** ***** ***** ***** ***********************************************

c DATE 04/01/85
c
CF RMFLUX -IV
CE REGULAR FLUX MOMENTS
c
c***********************************************************************

c
CN ORDER OF GROUPS IS ACCORDING TO DECREASING ENERGY -
c
c----------------------------------------------------------------------
Cs FILE STRUCTURE
Cs
Cs RECORD TYPE PRESENT IF
Cs ===a=-----x===.===x .....=.===x——-—- ---———-—-- .—======
Cs FILE IDENTIFICATION ALWAYS
Cs SPECIFICATIONS ALWAYS
Cs
Cs ************* (~p~T FoR ALL GRoups)

Cs * REGULAR MOMENTS FLUXES ALWAYS
Cs *************

c
c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR FILE IDENTIFICATION
c
CL HNAME, (HUSE(I),I=1,2) ,1-
C
Cw 1+3*MULT=NUMBER OF WORDS
c
CD HNAME
CD HNAME
CD HUSE(I)
CD IVERS
CD MULT
CD
CD
c
c-----------------------

HOLLERITH FILE NAME - RMFLUX - (A6)
HOLLERITH FILE NAME - - (A6)
HOLLERITH USER IDENTIFICATION (A6)
FILE VERSION NUMBER
DOUBLE PRECISION PARAMETER

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

--——-———— ---------------------------------------

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

CR SPECIFICATIONS (1D RECORD)
c
CL NDIM,NGROUP ,NINTI,NINTJ ,NINTK,NORD, EFFK,POWER,OITNO
c
Cw 9=NUMBER OF WORDS
c
CD NDIM NUMBER OF DIMENSIONS
CD NGROUP NUMBER OF GROUPS
CD NINTI NUMBER OF FIRST DIMENSION INTERVALS
CD NINTJ NUMBER OF SECOND DIMENSION INTERVALS
CD NINTJ.EQ.1 IF NDIM.EQ.1
CD NINTK NUMBER OF THIRD DIMENSION INTERVALS
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CD NINTK. EQ.1 IF NDIM. LE.2
CD NORD NUMBER OF LEGENDRE MOMENTS
CD EFFK EFFECTIVE MULTIPLICATION FACTOR
CD POWER POWER IN WATTS TO WHICH FLUX IS NORMALIZED -
CD OITNO OUTER ITERATION NUMBER
c-----------------------------------------------------------------------
c
c----------------------------------------------------------------------
CR
c
c
CL
c
Cw
c
c
c
c
c
CD
CD
c

REGULAR MOMENTS FLUXES ON MULTIDIMENSIONAL INTERVALS —

(2D RECORD)

((FLUX(M,I),M=l,NORD), I=l,NINTI) ----NOTE STRUCTURE BELOW--- -

NORD*NINTI=NUMBER

DO 1 K=l.NINTK
DO 1 J=l”

1 READ (N)

FLUX(M,I

c--------------
CEOF

NINTJ
*LIST AS

—-—---——

OF WORDS

ABOVE*

REGULAR FLUX
INTERVALS .

-———————— _____

MOMENTS ON FIRST DIMENSION

——_________________________________
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RZMFLX

The RZMFLX file is a binary, code-dependent file containing the spherical harmonics
regular angular flux moments averaged over each zone for each energy group. The
zones over which the fluxes are averaged are the zones used in the Solver Module and
not the Edit Zones optionally used in the Edit Module.

c**** ***** ***** ***** ***** ***********************************************

c DATE 01/28/95
c
CF RZMFLX-IV
CE REGULAR ZONE AVERAGED FLUX MOMENTS BY GROUP
c
c***********************************************************************
c
CM ORDER OF GROUPS IS ACCORDING TO DECREASING ENERGY -
c
c-----------------------------------------------------------------------
Cs FILE STRUCTURE
Cs
Cs RECORD TYPE PRESENT IF
Cs ---------__—--------—--- = ==.....=.=. ....== ----- --—---------—-—-—---
Cs FILE IDENTIFICATION ALWAYS
Cs SPECIFICATIONS ALWAYS
Cs
Cs ************* (~P~T FOR ALL GROUPS)

Cs * ZONE AVERAGED FLUX MOMENTS ALWAYS
Cs *************

c
c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR FILE IDENTIFICATION —
c
CL HNAME, (HUSE(I),I=1,2) ,IVERS
c
Cw 1+3*MULT=NUMBER OF WORDS
L

CD HNAME HoLLERITH FILE NAME - RZMFLX - (A6)
CD HNAME HOLLERITH FILE NAME - - (A6)
CD HUSE(I) HOLL~ITH USER IDENTIFICATION (A6)
CD IVERS FILE VERSION NUMBER
CD MULT DOUBLE PRECISION PARAMETER
CD 1- A6 WORD IS SINGLE WORD
CD 2- A6 WORD IS IX)UBLE PRECISION WORD
c
c-----------------------------------------------------------------------
L

c----------------------------------------------------------------------
CR SPECIFICATIONS (1D RECORD)
c
CL NDIM,NGROUP, NZONE,DUM,DUM, NORD,EFFK,POWER, OITNO
L

Cw
c
CD
CD
CD
CD
CD

9=NUMBER OF WORDS

NDIM NUMBER OF DIMENSIONS
NGROUP NUMBER OF GROUPS
NZONE NUMBER OF GEOMETRIC ZONES
DUM DUMMY, NOT USED
DUN DUMMY, NOT USED
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CD NORD NUMBER OF LEGENDRE MOMENTS
CD EFFK EFFECTIVE MULTIPLICATION FACTOR
CD POWER POWER IN WATTS TO WHICH FLUX IS NORMALIZED -
CD OITNO OUTER ITERATION NUMBER
c
c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR REGULAR FLUX MOMENTS AVERAGED OVER EACH ZONE
c (2D RECORD)
c
CL ((FLUX (M,I),M=l,NORD) ,I=l,NZONE)
c
m NORD*NZONE=NUMBER OF WORDS
c

;D FLUX(M,I)
CD
c

REGULAR FLUX MOMENT AVERAGES FOR EACH
ZONE .

c----------------------------------------------------------------------
CEOF
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SNXEDT

The SNXEDT file is the working cross-section file for the Edit Module. On the
SNXEDT file are the isotope microscopic cross sections arranged in energy-group order.
Although the Edit Module will read any SNXEDT file constructed as described below,
all SNXEDT files created by the DANTSYS Input Module will have the parameter
NORD set to zero so that scattering cross sections will not appear on the created
SNXEDT file.

c**** ***** ***** ***** ***** **********************************************_

c DATE 05/12/83
c
CF SNXEDT
CE CODE DEPENDENT MICROSCOPIC MULTIGROUP CROSS SECTION FILE -
CE FOR USE IN ONEDANT EDITS
c
c**** ***** ***** ***** ***** **********************************************-

c
c
CN THIS FILE PROVIDES A BASIC BROAD GROUP
CN LIBRARY, ORDERED BY GROUP
c
c
c-----------------------------------------------------------------------
Cs FILE STRUCTURE
Cs
Cs RECORD TYPE PRESENT IF
Cs === === ...==.=== ....==..=....=== =..====-== =Zx==
Cs FILE IDENTIFICATION ALWAYS
Cs FILE CONTROL ALWAYS
Cs FILE DATA ALWAYS
Cs
Cs ************* (~p~T FoR ALL GRoups)

Cs * (GROUP 1 IS FIRST)
Cs * PRINCIPAL CROSS SECTIONS ALWAYS
Cs * SCATTERING CONTROL DATA NORD.NE.0
Cs * SCATTERING NATRIX NORD.NE.O
Cs *************

c
c-----------------------------------------------------------------------
c
c
c-----------------------------------------------------------------------
CR FILE IDENTIFICATION
c
CL HNAME, (HUSE(I), I=1,2),IVERS
c
Cw 1+3*MULT=NUMBER OF WORDS
c
CD HNAME HOLLERITH FILE NAME - SNXEDT - (A6)
CD HUSE(I) HOLLERITH USER IDENTIFICATION (A6)
CD IVERS FILE VERSION NUMBER
CD MULT DOUBLE PRECISION PARAMETER
CD 1- A6 WORD IS SINGLE WORD
CD 2- A6 WORD IS DOUBLE PRECISION WORD
c
c-----------------------------------------------------------------------
c----------------------------------------------------------------------
CR FILE CONTROL
c
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CL NGROUP, NISO, NORD, NED, IDPF, LNG, MAXUP, MAXDN, NPRIN, 12LP1
c
Cw 10=NUMBER OF WORDS
c
CD NGROUP NUMBER OF ENERGY GROUPS IN FILE
CD NISO NUMBER OF ISOTOPES IN FILE
CD NORD NUMBER OF LEGENDRE SCATTERING ORDERS —

CD NED NUMBER OF EXTRA EDIT CROSS SECTIONS (IN ADDITION -
CD TO THE BASIC PRINCIPAL CROSS SECTIONS)
CD IDPF 0/1 NO/YES CROSS SECTION DATA ARE DOUBLE PRECISION -
CD LNG NUMBER OF THE LAST NEUTRON GROUP(FOR COUPLED SETS) -
CD MAXUP MAXIMUM NUMBER OF UPSCATTER GROUPS —

CD MAXDN MAXIMUM NUMBER OF DOWNSCATTER GROUPS
CD NPRIN NUMBER OF PRINCIPAL CROSS SECTIONS (4 FOR SNXEDT) -
CD 12LP1 0/1 = NO/YES 2L+1 TERM WAS INCLUDED IN LIBRARY -
c
c-----------------------------------------------------------------------
c
c
c-----------------------------------------------------------------------
CR
c
CL
CL
c
Cw
c
CD
CD
CD
CD
CD
CD
c
CN
CN
CN
CN
CN
CN
CN
c
CN
c
CN
c

FILE DATA —

(HISO(I), I=l,NISO) , (HED(J),J=l,NEDT) ,(VEL(N),N=l,NGROUP) ,
l(EMAx(N),N=l,NGROUP) ,EMIN

(NIS0+NEDT+2*NGR0Up+l) *~LT=NUMBER OF WORDS

HISO(I) HOLLERITH ISOTOPE LABEL FOR ISOTOPE (A6)
HED(J) HOLLERITH LABEL FOR EDIT NUMBER J (A6)
VEL (N) MEAN NEUTRON VELOCITY IN GROUP N (cM/SEC)
EMAX (N) MAXIMUM ENERGY
EMIN MINIMUM ENERGY
NEDT NED+NPRIN

THE FOUR BASIC
ALWAYS PRESENT

HED(l) =
HED(2) =
HED(3) =
HED(4) =

BOUND OF GROUP N (EV)
BOUND OF SET (EV)

PRINCIPAL CROSS SECTIONS
ARE:

3HCHI
6HNUSIGF
5HTOTAL
3HABS —

ALSO PRESENT WHEN NPRIN=5 IS:
—

HED(5) = 5HTRANS —

c-----------------------------------------------------------------------
c-----------------------------------------------------------------------
CR PRINCIPAL CROSS SECTIONS FOR GROUP N
c
CL ((C(I,J), I=l,NISO),J=l,NEDT)
c
Cw NISO*NEDT*MULT=NUMBER OF WORDS —
c
CD C(I,J) PRINCIPAL CROSS SECTIONS
c
CN BASIC PRINCIPAL CROSS SECTIONS ALWAYS PRESENT ARE: -
CN
CN J=l FISSION SPECTRUM —

CN J=2 FISSION NU*FISSION CROSS SECTION
CN J=3 TOTAL CROSS SECTION
CN J=4 ABSORPTION CROSS SECTION
L

CN ALSO PRESENT WHEN NPRIN=5 IS:
c
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CN J=5 TRANSPORT CROSS SECTION
c
c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------

CR SCATTERING CONTROL BLOCK FOR GROUP N
c
cc PRESENT IF NORD.GT.O
c
CL ((NGPB(L,J),L=l,NORO) ;J=l,NISO)
CL ((IFSG(L,J),L=l,NORD) ,J=l,NISO)
c
m 2*NO~*N1SO=~BER OF wo~s

c
CD NGPB(L,J) NUMBER OF SOURCE GROUPS THAT CAN SCATTER INTO GROUP N-
CD IFSG(L,J) GROUP NUMBER OF THE FIRST SOURCE GROUP
CDL LEGENDRE ORDER NUMBER
CD J ISOTOPE NUMBER
c
c-----------------------------------------------------------------------
c-----------------------------------------------------------------------
CR
c
cc
c
CL
c
m
c
CD
c
CD
CD
CD
CD
c
CN
CN
CN
CN
CN
CN
CM
c
CN
CN
CN
c

SCATTERING SUB-BLOCK FOR GROUP N

PRESENT IF NORD.GT.O

(SCAT(I),I=l,NTAB)

NTAB*MULT=NUMBER OF WORDS

SCAT (I) SCATTERING CROSS SECTION

NTAB TABLE LENGTH OF THE CROSS SECTIONS FOR SCATTERING -
INTO GROUP N. THIS IS FOR ALL ISOTOPES AND ALL -
LEGENDRE ORDERS, THUS IT IS THE SUM OF NGPB(L,J) -
OVER L FROM 1 TO NORD AND OVER J FROM 1 TO NISO. -

THE SCATTERING CROSS SECTIONS ARE PACKED IN BANDS, -
ONE FOR EACH LEGENDRE ORDER AND ISOTOPE. EACH BAND -
CONTAINS THE NGPB GROUPS WHICH SCATI’ER INTO GROUP -
N. THE FIRST SOURCE GROUP NUMBER IS IFSG AND
THE LAST IS IFSG-NGPB+l. THE NORD BANDS FOR THE -
FIRST ISOTOPE APPEAR FIRST (PO, Pl, .:..) FOLLOWED -
BY THE NORD BANDS FOR THE SECOND, ETC.

HIGHER LEGENDRE ORDER SCA’IT’ERINGCROSS SECTIONS -
INCLUDE A 2*L+1 FACTOR WHERE L IS THE LEGENDRE -
ORDER .

c-----------------------------------------------------------------------
CEOF
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SOLINP

The SOLINP code-dependent interface file contains information specific to the Solver
Module, mainly the information from Block-V of the card-image input.

c**** ***** ***** ***** ***** **********************************************_

c DATE 01/28/95
c
CF SOLINP
CE CODE DEPENDENT FILE OF INFORMATION SPECIFIC TO THE
CE ONEDANT/TWODANT/THREEDANT SOLVER MODULES
c
c
c**********************************************************************_

c-----------------------------------------------------------------------
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs

FILE STRUCTURE

RECORD TYPE
-_----.-------—_——————————_____————————— ______________________
FILE IDENTIFICATION
TITLE CARD COUNT

***********(~PMT FOR UP TO 10 CDS)
* TITLE CARD
***********

DIMENSION
RAW CONTROLS AND DIMENSIONS
RAW FLOATING INPUT DATA
DEFAULTED CONTROLS AND DIMENSIONS
DEFAULTED FLOATING INPUT DATA
BNDRY TRANSFER FIRST SOURCE GROUP
BNDRY TRANSFER VECTOR LENGTHS

***********(mP~T FOR ALL GROUPS)
* LEFT BDRY TRANSFER VECTOR
* RIGHT BDRY TRANSFER VECTOR
***********

FINE MESH DENSITY FACTORS
FINE MESH DENSITY VECTOR IN
FINE MESH DENSITY VECTOR IN
FINE MESH DENSITY VECTOR IN

x
Y
z

MONTE CARLO OPTION QUANTITIES
ADAPTIVE WEIGHTED DIAMOND PARAMS
RADIUS MODIFIERS IN X
RADIUS MODIFIERS IN Y
RADIUS MODIFIERS IN Z
SN ORDER BY GROUP
LEFT ALBEDOES
RIGHT ALBEDOES
BOTTOM ALBEDOES
TOP ALBEDOES
FRONT ALBEEOES
BACK ALBEDOES

PRESENT IF
————————.——————-————---————-——
ALWAYS
ALWAYS

NHEAD.GT.O

ALWAYS
ALWAYS
ALWAYS
ALWAYS
ALWAYS
IBL=4 OR IBR=4
IBL=4 OR IBR=4

IBL=4
IBR=4

IDENX=2
IDENX=l
IDENY=l
IDENZ=l
MCOPT>O

ALWAYS
IEVT=4.AND. IXM=l
IEVT=4.AND. IYM=l
IEVT=4.AND.IZM=1
IGRPSN=l
IBEDOL.NE.O
IBEDOR.NE.O
IBEDOB.NE.O
IBEDOT.NE.O
IBEDOF.NE.CI
IBEDOK.NE.O

SINGLE CHI ARRAY(FISSION SPECTRA) INCHI =1
***********(~P~T FOR ALL ZONES)
* CHI ARRAY(FISSION SPECTRA) INCHI=2
***********

QUADRATURE WEIGHTS IQUAD.3
QUADRATURE COSINES IQUAD.3

***********(~p~T FoR ALL Mo~s)
* SOURCE SPECTRUM IQOPT=I
* SOURCE SPATIAL VECTOR(S) IQOPT.2
* *********(~p~T FoR ALL GRoups)

—

—

—

—
—
—

—

—

—

—
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Cs
Cs
Cs
Cs

Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
c

** SOURCE
* *********
* SOURCE
* SOURCE

* SOURCE
* SOURCE
***********

POINTWISE FULL DISTRIBUTION IQOPT=3

SPECTRUM IQOPT=4
SPATIAL VECTOR(S) IQOPT=4

SPECTRUM IQOPT.6
POINTWISE FULL DISTRIBUTION IQOPT=6

$f**********(~p~T FOR -L CJROUPS)

* *********(~p~T FOR ML FACES IN THE ORJ)ER JJ7m, RIGHT,

** BO’lTOM, TOP, FRONT, BACK, X=L,R,B,T,F,K BELOW)
** BOUNDARY ISOTROPIC SOURCE
**

IQX=-1
BOUNDARY ANISOTROPIC SOURCE IQX=+l

** BOUNDARY SOURCE SPECTRUM
**

IQX.+2
BOUNDARY SOURCE SPACE VECTOR 1 IQX=+2

** BOUNDARY SOURCE SPACE VECTOR 2 IQX=+2
** BOUNDARY SOURCE ANGLE VECTK)R IQX=+2
** BOUNDARY SOURCE SPECTRUM IQX.+3
** BOUNDARY SOURCE SPACE ARRAY IQX=+3
** BOUNDARY SOURCE ANGLE VEClY3R IQX=+3
** BOUNDARY SOURCE SPECTRUM IQX=+4
** BOUNDARY SOURCE SPACE-ANGLE ARRAY IQX=+4
** BOUNDARY SOURCE SPECTRUM IQX.+5
** BOUNDARY SOURCE ANGLE-SPACE ARRAY IQX=+5
* *********
***********

c-----------------------------------------------------------------------
c_______________________________________________________________________

CR FILE IDENTIFICATION
c
CL HNAME, (HUSE(I), I.1,2),IVERS
c
Cw 1+3*WLT=NUMBER OF WORDS
c
CD HNAME HOLLERITH FILE NAME - SOLINP - (A6)
CD HUSE(I) HOLLERITH USER IDENTIFICATION (A6)
CD IVERS FILE VERSION NUMBER
CD MULT DOUBLE PRECISION PARAMETER
CD 1- A6 WORD IS SINGLE WORD
CD 2- A6 WORD IS DOUBLE PRECISION W~
c
c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR TITLE CARD COUNT
c
CL NHEAD
c
Cw l=NUMBER OF WORDS
c
CD NHEAD NUMBER OF TITLE CARDS TO FOLLOW
c----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR TITLE CARD
c
cc PRESENT IF NHEAD.GT.O
c
CL (TITLE(I),I=l, 12)
c
m 12.NUMBER OF A6 woRDs
c
c--------------------------------------------------------------------
c
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c----------------------------------------------------------------------
CR SPATIAL DIMENSION
c
CL IDIMEN

—

c
Cw l=NUMBER OF WORDS
c
CD IDIMEN=l FOR ONEDANT
c
c-----------------------------------------------------------------------
c-----------------------------------------------------------------------
CR
c
CL
CL 1
CL 2
CL 3
CL 4
CL 5
CL 6
CL 7
CL 8
CL 9
CL 8
c
Cw
c

RAW CONTROLS AND DIMENSIONS
—

IEVT, ITH, ISCT, ISN, IQUAD, ISTART,ICSM, INCHI,IBL, IBR, -
IDENX, IPVT, 12ANG, IQOPT, IQAN, IQL , IQR , OITM, IITL,ITM, -
ITLIM,I1, FLUXP, XSECTP,FISSRP,SOURCP,GEOMP, IANG, IACC,IRMFLX,-
IGRPSN, IAFLUX, ISBEDO,IBALP, DUM3, IBB , IBT, IITLD,IQT, IQB, -
IXM, IYM, IZM, IDENY, IDENZ, ITMPMX, MFGACC, JUPDCH,
JACC , IBF , IBK, MCNHIS, MCNHST, MCNTR, MCITS, MCOPT, MCNRS, -
MCPRNT, MCSEED, IMTSRC, IMBSLA,
IBEDOL, IBEDOR, IBEDOB, IBEDOT,
JSRITE, JSBO’M’, JSTOP, JSLEFT ,
NPROC, AVATAR
(DUM5(I),I=1,22)

100=NUMBER OF WORDS

CD 1
CD 2
CD 3
CD 4
CD 5
CD 6
CD 7
CD 8
CD 9
CD 10
CD
CD 11
CD
CD 12
CD 13
CD 14
CD 15
CD 16
CD 17
CD 18
CD 19
CD 20
CD
CD 21
CD 22
CD 23
CD 24
CD 25
CD 26
CD 27
CD 28
CD 29
CD 30
CD
CD 31
CD 32
CD 33
CD 34

IEVT
ITH
ISCT
ISN
IQUAD
ISTART
ICSM
INCHI
IBL
IBR

IDENX

IPVT
12ANG
IQOPT
IQ~
IQL
IQR
OITM
IITL
IITM

ITLIM
11
FLUXP
XSECTP
FISSRP
SOURCP
GEOMP
ANGP
IACC
IRMFLX

IGRPSN
RAFLUX
ISBEDO
IBALP

TYPE OF CALCULATION
0/1 - DIRECT/ADJOINT

IMBSRA, IMBSBA, IMBSTA, IQF, ”IQK,-
IBEDOF, IBEDOK, NOSIGF, IPLANT,
EIGONLY, FCNRAY, FCNTR; NODAL “

CALCULATION
LEGENDRE ORDER OF SCATTERING
ANGULAR QUADRATTR2 ORDER
SOURCE OF QUADRATURE SET
FLUX GUESS FLAG (ZERO FOR ONEDANT)
O/1 - NO/YES IN-SOLVER MIXING(FROM ASSIGN= )
0/1/2 - NONE/ONE CHI/ZONEWISE CHI
0/1/2/3/4 - LEFT BDRY CONDITION
0/1/2/3/4 - RIGHT BDRY CONDITION

0/1/2 - NONE/FINE MESH DENSITY FACTORS BY XMESH/
FINE MESH DENSITY FACTORS FOR EVERY MESH

0/1/2 - NONE/K-EFF/ALPHA PARAMETRIC EIGENVALUE TYPE
0/1 - NO/YES DO 2 ANGLE SLAB CALCULATION
0/1/2/3/4/5/6 - INHOMOGENEOUS SOURCE OPTION
INHOMOGENEOUS SOURCE LEGENDRE ORDER
-1/0/1/2/3/4/5 LEFT BOUNDARY SOURCE OPTION
-1/0/1/2/3/4/5 RIGHT BOUNDARY SOURCE OPTION
OUTER ITERATION LIMIT
EARLY INNER ITERATION LIMIT
NEAR CONVERGENCE INNER ITERATION LIMIT

TIME LIMIT IN SECONDS
NOT USED
0/1/2 - NONE/ISOTROPIC/ALL MOMENTS FLUX PRINT
0/1/2 - NONE/PRINCIPAL/ALL CROSS SECTION PRINT
0/1 - NO/YES FISSION RATE PRINT
0/1/2/3 - NO/AS READ/NORMALIZED/BOTH SOURCE PRINT
0/1 - NO/YES FINE MESH GEOMETRY PRINT
0/1 - NO/YES ANGULAR FLUX PRINT
AccELERiITIoN TYPE (FIXED AT 2 FOR ONEDANT)
WRITE CODE-DEPENDENT ZONE FLUXES

GRoup DEP sN ORDERS (GRPSN) w IN
0/1 - NO/YES WRITE ANGULAR FLUX FILE RAFLUX
ALBEDO OPTION
0/1 - NO/YES PRINT BALANCES BY ZONE

—
—

—

—

—

—
—

—
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CD 35 DUM3
CD 36 IBB
CD 37 IBT
CD 38 IITLD
CD 39 IQT
CD 40 IQB
CD
CD 41 IXM
CD 42 IYM
CD 43 IZM
CD 44 IDENY
CD 45 IDENZ
CD 46 ITMPMX
CD 47 MFGACC
CD 48 JUPDCH
CD 49 JACC
CD 50 IBF
CD
CD 51 IBK
CD 52 MCNHIS
CD 53 MCNHST
CD 54 MCNTR
CD 55 MCITS
CD 56 MCOPT
CD 57 MCNRS
CD 58 MCPRNT
CD 59 MCSEED
CD
CD 60 IMTSRC
CD 61 IMBLSA
CD 62 IMBSRA
CD 63 IMBSBA
CD 64 IMBSTA
m
CD 65 IQF
CD 66 IQK
CD
CD 67 IBEDOL
CD 68 IBEDOR
CD 69 IBEDOB
CD 70 IBEDOT
CD 71 IBEDOF
CD 72 IBEJX)K
CD 73 NOSIGF
CD 73 IPLANT
CD 75 JSRITE
CD 76 JSBOTT
CD 77 JSTOP
CD 78 JSLEFT

CD 79 EIGONLY
CD 80-85
CD 86 FCNRAY
CD 87 FCNTR
CD 88 NODAL
CD 89 NPROC
CD 90-92
CD 93 AVATAR
c----------------

NOT USED
0/1/2/3/4 - BO’ITOM BDRY CONDITION
0/1/2/3/4 - TOP BDRY CONDITION
TIMELIMIT IN SECONDS
-1/0/1/2/3/4/5 TOP BO.UNDARY SOURCE OPTION
-1/0/1/2/3/4/5 BOTTOM BOUNDARY SOURCE OPTION

0/1 - NO/Y~S RADIAL MODIFIERS FOR X
0/1 - NO/YES RADIAL MODIFIERS FOR Y
0/1 - NO/YES RADIAL MODIFIERS FOR Z
0/1 - NO/FINE MESH DENSITY FACTORS BY YMESH
0/1 - NO/FINE MESH DENSITY FACTORS BY YMESH
NOT USED (RESERVED)
NOT USED (RESERVED)
NOT USED (RESERVED)
NOT USED (RESERVED)
0/1/2/3/4 - FRONT BDRY CONDITION

0/1/2/3/4 - BACK BDRY CONDITION
NUMBER OF HISTORIES FOR MC OPTION
NUMBER OF HISTORIES FOR MC OPTION
NUMBER OF BATCHES FOR MC OPTION
MAX NUMBER OF SUPEROUTERS IN MC OPTION
0/1 YES/NO m ON MC OPTION

PRINT LEVEL FOR MC OPTION
REST INITIAL RANDOM SEED

USED IN MC OPTION
USED IN MC OPTION
USED IN MC OPTION
USED IN MC OPTION
USED IN MC OPTION

-1/0/1/2/3/4/5 FRONT BOUNDARY SOURCE OPTION
-1/0/1/2/3/4/5 BACK BOUNDARY SOURCE OPTION

0/1/2 - NONE/LEFT ALBEDO/ALBEEO SPATIAL DISTRIBUTION -
0/1/2 - NONE/RIGHT ALBEDO/ALBEDO SPATIAL DISTRIBUTION -
0/1/2 - NONE/BOTTOM ALBEDO/ALBElX3 SPATIAL DISTRIBUTION-
0/1/2 - NONE/TOP ALBEDO/ALBEIM SPATIAL DISTRIBUTION -
0/1/2 - NONE/FRONT ALBEDO/ALBEDO SPATIAL DISTRIBUTION -
0/1/2 - NONE/BACK ALBEDO/ALBEDO SPATIAL DISTRIBUTION -
0/1 - NONE/SET NUSGF ZERO FOR SOURCE PROBLEMS -
0/1 - NONE/PLANET VARIABLE PRESENT
O/i = NO/YES WRITE RIGHT BOUNDARY FLUX AT i
O/i = NO/YES WRITE BO’IYIYIMBOUNDARY FLUX AT i
O/i = NO/~ WRITE TOP BOUNDARY FLUX AT i
O/i . NO/YES WRITE LEFT BOUNDARY FLUX AT i

0/1 NO/YES ONLY CONVERGE EIGENVALUE AND FISSIONS -
(RESERVED FOR FUTURE USE)
NO. OF RAY TRACINGS/BATCH (RAY TRACE OPTION)
NUMBER OF BATCHES IN THE RAY TRACE OPTION
0/1/2 DD OR AWDD/CL/LL NODAL SPATIAL DIFFERENCING -
NUMBER OF PROCESSORS TO BE USED IN PVM VERSION
(REsERm mR TIME DEPENDENCE)
0/1 NO/YES WRITE THE AVATAR FILE
--------------------------------------------------------

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

CR RAW FLOATING DATA
c
CL EV, NORM, EPSO, EPSI, BHGT, BWTH, EVM, PV, XLAL, XLAH,
CL 1 XLAX, POD, EPSR, EPSX, EPST,
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CL 2
CL 3
CL 4
CL 5
c
m
c
CD 1
CD 2
CD 3
CD 4
CD 5
CD 6
CD 7
CD 8
CD 9
CD 10
CD
CD 11
CD 12
CD 13
CD 14
CD 15
CD
CD 16
CD
CD 26
CD 27
CD 28
CD 29
CD 30
CD
CD 31
CD 32
CD 33
CD 34
CD 35
CD
CD 36
CD
CD 91
c
c------

(DUM(I),I=1,1O),
EFACT, TO, TS, EOM, SIGTH, TRCOR, PLANET, FCSRC, XMCSB, XMCBLT,
(DUM1(I), I=1,55),
(ExTRAS (I),I=1,11O)

200*MULT=NUMBER OF WORDS

Ev
NORM
EPSO
EPSI
BHGT
BWTH
EvM
Pv

XLAX
POD
EPSR
EPSX
EPST

DUN

EFACT
TO
TS
EOM
SIGTH

TRCOR
PLANET
FCSRC
XMCSB
XMCBLT

FCWCO

EXTRAS

——________

EIGENVALUE GUESS
NORMALIZATION CONSTANT
OUTER ITERATION CONVERGENCE CRITERION
INNER ITERATION CONVERGENCE CRITERION
BUCKLING HEIGHT
BUCKLING WIDTH
EIGENVA.LUE MODIFIER
PARAMETRIC VALUE
-DA LOWER-LIMIT FOR sEARcHEs
LAMBDA UPPER LIMIT FOR SEARCHES

SEARCH CONVERGENCE CRITERION
PARAMETER OSCILLATION DAMPER
DIFFUSION PERIODIC BDRY ITERATION CONV. CRITERION
MAX FRACTIONAL POINTWISE CHANGE CRITERION
NOT USED BY ONEDANT

VECTOR NOT USED

NoT USED (RESERVED FOR TIME DEPENDENCE)
NOT USED (RESERVED FOR TIME DEPENDENCE)
NOT USED (RESERVED FOR TIME DEPENDENCE)
NOT USED (RESERVED FOR TIME DEPENDENCE)
NOT USED (RESERVED FOR TIME DEPENDENCE)

TRANSPORT CORRECTION INDICATOR
PLANET INDICATOR
USE FIRST COLLISION SOURCE OPTION
BIASING PARAMETER IN MC OPTION
BOUNDARY LAYER THICKNESS IN MC OPTION

WEIGHT CUTOFF FOR FIRST COLLISION RAYS

VECTOR USED BY INDIVIDUAL SOLVERS

----------------------------------------------------

—

—

—

—
—

—

,-—-
c-----------------------------------------------------------------------
CR DEFAULTED CONTROLS AND DIMENSIONS
c
CN THIS RECORD IS THE SAME FORMAT AS THE RAW CONTROLS AND DIMENSION -
CN RECORD ABOVE, BUT IT CONTAINS THE DEFAULTED VALUES FOR EACH
CN VARIABLE
c

—

c---------------------------------------------____________-----______:
c-----------------------------------------------------------------------
CR DEFAULTED FLOATING DATA
c

—

CN THIS RECOl?llIS THE SAME FORMAT AS THE RAW FLOATING DATA
CN RECORD ABOVE, BUT IT CONTAINS THE DEFAULTED VALUES FOR EACH
CN VARIABLE
c —
c-----------------------------------------------------------------------
c
c------------------------------------------------____________-------___:
CR BOUNDARY TRANSFER FIRST SOURCE GROUP —
L.

cc PRESENT IF IBL.EQ.4 .OR. IBR.EQ.4
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CL (IFSGL(N) ,N=l,NGROUP) ,(IFSGR(N) ,N=l,NGROUP)
c
Cw 2*NGROUp=mER oF wo~s

c
CD IFSGL FIRST SOURCE GROUP FOR LEFT BOUNDARY
CD IFSGR FIRST SOURCE GROUP FOR RIGHT BOUNDARY
CD NGROUP NUMBER OF ENERGY GROUPS
c
c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR BOUNDARY TRANSFER VECTOR LENGTHS
c
cc PRESENT IF IBL.EQ.4 .OR. IBR.EQ.4
c
CL (LENL(N),N=l,NGROUP) ,(LENR(N),N=I,NGROUP)
c
Cw 2*NGROUp=mER oF wo~s

c
CD LENL LENGTH OF THE VECTOR OF TRANSFERS INTO GRP N
CD AT THE LEFT BOUNDARY
CD LENR LENGTH OF THE VECTOR OF TRANSFERS INTO GRP N
CD AT THE RIGHT BOUNDARY
c
c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR LEFT BOUNDARY TRANSFER VECTOR
c
cc PRESENT IF IBL.EQ.4
c
CL (TRL(I),I=l,NW)
c
Cw NW=NUMBER OF WORDS
c
CD TRL(I) I-TH TRANSFER INTO GROUP N FOR LEFT BOUNDARY
CD THE FIRST VALUE IS THE TWUfSFER FROM GROUP IFSGL(N) -
CD INTO GROUP N, NEXT IS FROM GROUP IFSGL(N)-1 TO N, ETC.-
CD Nw LENL (N)
CD N NUMBER OF THE RECEIVING GROUP
c
c---------------------------------------------------------------------
c
c----------------------------------------------------------------------
CR
c
cc
c
CL
c
Cw
c
CD
CD
CD
CD

RIGHT BOUNDARY TRANSFER

PRESENT IF IBR.EQ.4

(TRR(I),I=l,NW)

NW=NUMBER OF WORDS

‘TRR(I) I-TH TRANSFER INTO
THE FIRST VALUE IS
INTO GROUP N, NEXT

Nw LENR (N)

VECTOR

GROUP N FOR RIGHT
THE TRANSFER FROM

BOUNDARY
GROUP IFSGR(N) -

IS FROM GROUP IFSGR(N)-1 TO N; iTC.-

CD N NUMBER OF THE RECEIVING GROUP
c
c----------------------------------------------------------------------

c
c-------------–-----------— -—-—————-------——--————--—-------—--------

CR FINE MESH DENSITY FACTORS
c
cc PRESENT IF IDENX.EQ.2
c
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CL
c
Cw
c
Cs
Cs
Cs 1
c
CD
c

(DEN(I), 1=1, IT)----NoTE STRUCTURE BELOW----

IT*MULT=NUMBER OF WORDS

DO 1 K=I, KT —
DO 1 J=l, JT
READ (N) *LIST AS ABOVE*

IT NUMBER OF FINE MESH INTERVALS

c-----------------------------------------------------------------------
c
c----------------------------------------------------____________------:
CR FINE MESH DENSITY VECTOR IN X
c
cc PRESENT IF IDENX.EQ.1
c
CL (DEN(I),I=l,IT)
.
L

Cw IT*MULT=NUMBER OF WORDS
c
CD IT NUMBER OF FINE MESH INTERVALS IN X DIRECTION
c
c-----------------------------------------------__________-----_______:
c
c------------------------------------------------_____________------___:
CR FINE MESH DENSITY VECTOR IN Y
c
cc

—
PRESENT IF IDENY.EQ.1

c
CL (D~(J),J=l,JT)
,-
L

Cw JT*MULT=NUMBER OF WORDS
c
CD JT NUMBER OF FINE MESH INTERVALS IN Y DIRECTION
c
c---------------------------------------------------___________-------_:
c
c--------------------------------------------_____________------______:
CR FINE MESH DENSITY VECTOR IN Z
c
cc PRESENT IF IDENZ.EQ.1
c —
CL (DEN(K),K=l,KT)
n
L

Cw
—

KT*MULT=NUMBER OF WORDS
c
CD KT NUMBER OF FINE MESH INTERVALS IN Z DIRECTION
c
c-------------------------------------------------____________------__:
c
c---------------------------------------------__________-------_____:
CR MONTE CARLO OPTION PARAMETERS
c
cc PRESENT IF MCOPT.EQ.1
c
CL (JBND(I),I=1,2)
c
Cw 2*MULT=NUMBER OF WORDS
c
CL (IBND(I),I=1,2)
c
Cw 2*MULT=NUMBER OF WORDS
c
CL (MCREG(G),G=l, IGM)
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c
Cw
c
CD
c
CL
c
Cw
c
CL
c
Cw
c
CD
c
CL
c
Cw
c
CD
c
CL
c
m
c
CD
c

IGM*MULT=NUMBER OF WORDS

IGM NUMBER OF ENERGY GROUPS

(MCTSRC(I) ,1=1, 12)

12*~T=mER oF wo~s

(EGIM(G) ,G=l, IGM)

IGM*MULT=NUMBER OF WORDS

IGM NUMBER OF ENERGY GROUPS

(MIMP(K),K=l,IMJM)

IMJM*MULT=NUMBER OF WORDS

IMJM NUMBER OF COARSE MESH INTERVALS

(vIMP(K),K=l,IsN/2)

ISN/2*MULT=NUNBER OF WORDS

ISN SN ORDER

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

CR AWDD PARAMETERS
c
cc PRESENT ALWAYS
c
CL (wDANP(G),G=I, IGM)
c
Cw IGM*MULT=NUMBER OF WORDS
c
CD IGM NUMBER OF ENERGY GROUPS
c
CL (THRSHD(G),G=l, IGM)
c
Cw IGM*MULT=NUMBER OF WORDS
c
CD IGM NUMBER OF ENERGY GROUPS
c
c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR RADIAL MODIFIER IN X
c
cc PRESENT IF IEVT.EQ.4 .AND. IXM.EQ.1
c
CL (RM(I),I=l,IM)
c
Cw IM*MuLT=mER oF wo~s

c
CD IM NUMBER OF COARSE MESH INTERVALS
c
c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR RADIAL MODIFIER IN Y
c
cc PRESENT IF IEVT.EQ.4 .AND. IYM.EQ.I
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c
CL (RM(I) ,J=I,JM)
.

—
L

Cw J24*MULT=NUMBER OF WORDS
c
CD JM NUMBER OF COARSE MESH INTERVALS

;___-___--__--__---_--------_------------------_----_---__--__---__--__:
c
c-----------------------------------------------------------------------
CR RADIAL MODIFIER IN Z
n
L

cc PRESENT IF IEVT.EQ.4 .AND. IZM.EQ.1
L

CL (RM(K),K=l,KM)
c
Cw KM*MULT=NUMBER OF WORDS
c
CD KM NUN13ER OF COARSE MESH INTERVALS
c
c---------------------------------------------------------------------
c
c---------------------------------------------____--________-___-----_:
CR SN ORDER BY GROUP
,-
L

cc
—

PRESENT IF IGRPSN=l
c
CL (GRPSN(IG),IG=l ,IGM)
c
m IGM*MULT=NUMBER OF WORDS
c
CD IGM NUMBER OF ENERGY GROUPS
c
c----------------------------------------------__---_____________----:
n

:---------– ___________________________________________________________
CR LEFT ALBEDOES
c
cc PRESENT IF IBEDOL.EQ.1
c
CL (LBEDO(N),N=l,NGROUP)
c
Cw NGROUP*MULT=NUMBER OF WORDS
c
c ———

c
cc
c
CL
c
m
c
Cs
Cs
Cs 1
c
c-----------------------------------------------------------------------
c
c----------------------------------------------____--_______-____----_:
CR RIGHT ALBEDOES
c
cc PRESENT IF IBEDOR.EQ.1
c
CL (R.BEDO(N),N.l,NGROUP)
c

--— __A ___ ___ ___ ___ —-- ___ ___ —

PRESENT IF IBEDOL.EQ.2

(LBEDo(N),N.l,NGROUP) ----NOTE STRUC- BELow----

NGROUP*MULT=NUMBER OF WORDS

DO 1 K=l,KT
DO 1 J=l,JT
READ(N) *LIST AS ABOVE*
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Cw NGROUP*MULT=NUMBER OF WORDS
c
c .----- ----—- ——- --- ------

c
cc
c
CL
c
Cw
c
Cs
Cs
Cs 1
c
c----

PRESENT IF IBEDOR. EQ.2

(RBEDO(N), N=l, NGROUP) ----NOTE STRUCTURE BELOW----

NGROUP*MULT=NUMBER OF WORDS

DO 1 K=l,KT
DO 1 J=l,JT
READ(N) *LIST AS ABOVE*

—-- ---

----------------------------------------------------- - ------------

c
c-----------------------------------------------------------------------
El?
c
cc
c
CL

c
m
c
c
c
cc
c
CL
c
m
c
Cs
Cs
Cs
c

BOTTOM ALBEDOES

PRESENT IF IBE~B.EQ.l

(BBEDO(N),N=l, NGRoup)

NGROUP*MULT=NUMBER OF

--- --- -—.. —-W-

ORDS

—-- -—- ——- ------ ------

PRESENT IF IBEDOB.EQ.2

(BBEDO(N),N=l,NGROUP) ----NoTE sTRu~uRE BELow----

NGROUP*MULT=NUMBER OF WORDS

DO 1 K=l,KT
DO 1 I=l,IT

1 READ(N) *LIST AS ABOVE*

c--------------------------------------------------------------------
c
c---------------------------------------------------------------------
CR
c
cc
c
CL
c
Cw
c
c
c
cc
c
CL
c
Cw
c
Cs
Cs
Cs
c

TQP ALBELXIES

PRESENT IF IBEDOT.EQ.1

(TBEEO(N),N=l, NGRoup)

NGROUP*MULT=NUMBER OF WORDS

--- --- -----— --- ———————-

PRESENT IF IBEDOT.EQ.2

(TBEDO(N),N=l,NGROUP) ----NmE STRUCTURE

NGROUP*MULT=NUMBER OF WORDS

IX) 1 K=l,KT
DO 1 I=l,IT

1 READ(N) *LIST AS ABOVE*

-—- --- --- ---

BELOW----

.-

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

C
c-----------------------------------------------------------------------
CR FRONT ALBEDOES
c
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cc
c
CL
c
Cw
c
c
c
cc
c
CL
c
Cw
c
Cs
Cs
Cs
c

PRESENT IF IBEDOF. EQ.1

(FBEDO (N),N=l,NGROUP)

NGROUP*MULT=NUMBER OF WORDS

——— -—--—- ______ ______

PRESENT IF IBEDOF. EQ.2

(FBEDO(N),N=l,NGROUP) ----NOTE STRUCTURE

NGROUP*MULT=NUMBER OF WORDS

DO 1 J=l,JT
DO 1 I=l,IT

1 READ(N) *LIST AS ABOVE*

c------------------------------------------–-–

--— ——— ——— —-- —

BELOW---- —

—

—————_____________________
c
c-----------------------------------------------------------------------
CR
c
cc
c
CL
c
Cw
c
c
c
cc
c
CL
c
Cw
c
Cs
Cs
Cs
c
c-
c

BACK ALBEDOES

PRESENT IF IBEDOK.EQ.1

(BKBEDO(N),N=l,NGROUp)

NGROUP*MULT=NUMBER OF WORDS

——— ——- --- ___ ___ ___ ___ ___ ___

1

——--

PRESENT IF IBEDOK.EQ.2

(BKBEDO(N),N=l,NGROUP) ----NOTE STRUCTURE BELOW----

NGROUP*MULT=NUMBER OF WORDS

DO 1 J=l,JT
DO 1 I=l,IT
READ(N) *LIST AS ABOVE*

____________________________________________________

—

—
—

——— -——

—————————-——--

c-----------------------------------------------------------------------
CR CHI - FISSION SPECTRA
c
cc PRESENT IF INCHI.NE.O
c
CL (CHI(N),N=l,NGROUP)
c
Cw NGROUP*MULT=NUMBER OF WORDS
c
c----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR QUADRATURE WEIGHTS
c
cc PRESENT IF IQUAD.EQ.3
c
CL (WGT(M),M=l,MM)
c
Cw MM*MULT=NUMBER OF WORDS
c
CD MM NUMBER OF ANGLES IN QUADRATURE SET
c —
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c ______________________________________________________________________

c
c _______________________________________________________________________

CR QUADRATURE COSINES
c
cc PRESENT IF IQUAD .EQ .3
c
CL (MU(M) ,M=l,MM)
c
Cw MM*MULT=-ER oF wo~s

c
c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR SOURCE SPECTRUM
c
cc PRESENT IF IQOPT.EQ.1 .OR. IQPT.EQ.4 .OR. IQOPT.EQ.6
c
CL (SOURCE(N),N=l ,NGROUP)
c
Cw NGROUP*MULT=NUMBER OF WORDS
c
c------------------------------------------------------ ——-------------

C
c___________________________________________________________________ -___

CR SOURCE SPATIAL VECTOR IN FIRST DIMENSION
c
cc PRESENT IF IQOPT.EQ.2 .OR.
c
CL (SOURCX(I),I=l, IT)
c
Cw IT*MULT=-ER oF wo~s

c

IQOPT.EQ.4

c _______________________________________________________________________

c
c----------------------------------------------------------------------
CR SOURCE SPATIAL VECTOR IN SECOND DIMENSION
c
cc PRESENT IF IQOPT.EQ.2 .OR. IQOPT.EQ.4 .AND. IDIMEN.GE.2
c
CL (SOURCY(J),J=l,JT)
c
Cw ~*MuLT=m~ oF wo~s

c
c---------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR SOURCE SPATIAL VECTOR IN THIRD DIMENSION
c
cc PRESENT IF IQOPT.EQ.2 .OR. IQOPT.EQ.4 .AND. IDIMEN.EQ.3
~

CL (SOURCZ(K),K=l,KT)

c
c _______________________________________________________________________

c
c-----------------------------------------------------------------------
CR SOURCE POINTWISE FULL DISTRIBUTION
c
cc PRESENT IF IQOPT.EQ.3 .OR. IQOPT.EQ.6
c
CL (SOURcx(I),I.l, IT)----N0TE STRUCTURE BELOW----
c
Cw IT*~T=mER oF wo~s
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c
Cs DO 1 K=l, KT
Cs DO 1 J=l, JT
CS 1 READ(N) *LIST AS ABOVE*
c
c
c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR
c
cc
c
CL
c
m
c
CD
c
c
c
cc
c
CL
c
Cw
c
Cs
Cs
c
CD
CD
CD
CD
CD
CD
c

BOUNDARY ISOTROPIC SOURCE (LEFT SHOWN)

PRESENT IF IBL.EQ.-1 .AND. IDIMEN.EQ.1 .AND. GROUP.EQ.1

(SILEFT(N),N=l,NGROUP)

NGROUP*MULT=NUMBER OF WORDS —

SILEFT(N) LEFT BOUNDARY SOURCE FOR GROUP N —

——— --- ——— --- ___ ___ ___ ___ ___ ___ ___

PRESENT IF IBL.EQ.-1 .AND. IDIMEN.GT.1

(SILEFT(J),J=l,JT) ----NOTE STRUCTURE BELOW---- —

JT*MULT=NUMBER OF WORDS

1

———-

DO 1 K=l,KT
READ(N) *LIST

SILEFT(J)

JT

KT

—

AS ABOVE*

LEFT BOUNDARY SOURCE FOR THE GROUP AT MESH -
INTERVAL (J,K)
NUMBER OF FINE MESH INTERVALS IN THE SECOND -
DIMENSION. EQUALS 1 FOR ONEDANT.
NUMBER OF FINE MESH INTERVALS IN THE THIRD -
DIMENSION. EQUALS 1 FOR ONEDANT AND TWODANT. -

---———————____c-- ____________________________________________________

c
c-----------------------------------------------------------------------
CR
c
cc
c
CL
c
Cw
c
Cs
Cs
Cs
c
CD
CD
CD
c

1

BOUNDARY ANISOTROPIC SOURCE (LEFT SHOWN)

PRESENT IF IBL.EQ.+1

(SALEFT(M),M=l,MMHALF) ----NOTE STRUCTURE BELOW----

MMHALF*MULT=NUMBER OF WORDS

DO 1 K=l,KT
DO 1 J=l,JT
READ(N) *LIST

SALEFT(M)

MMHALF

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

AS ABOVE*

LEFT BOUNDARY ANGULAR SOURCE
THE GROUP AT INTERVAL (J,K)
NUMBER OF INCOMING ANGLES IN

--————————________________________

DISTRIBUTION

THE SOURCE

-—---——————--

FOR

--—--
c
c----------------------------------------------------------------------:
CR BOUNDARY SOURCE SPECTRUM (LEFT SHOWN) —
c
cc PRESENT IF IQL.GE.2 .AND. IQL.LE.4 .AND. GROUP.EQ.1
c
CL (SOURCE(N),N=l ,NGROUP)
c
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Cw NGROUP*MULT=NUMBER OF WORDS
c
c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR BOUNDARY SOURCE SPATIAL DISTRIBUTION VECTOR 1 (LEFT SHOWN) -
c
cc PRESENT IF IQL.EQ.2 .AND. GROUP.EQ.1
c
CL (SOURCY(J),J=l,JT)
c
Cw ~*~T=-ER OF wo~s

c
c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR BOUNDARY SOURCE SPATIAL DISTRIBUTION VECTOR 2 (LEFT SHOWN) -
c
cc PRESENT IF IQL.EQ.2 .AND. GROUP.EQ.1
c
CL (SOURCZ(K),K=l,KT)
c
Cw KT*MULT=-ER oF wo~s

c
c-----------------------------------------------------------------------
c
c-----------------------------------------------------------------------
CR BOUNDARY SOURCE SPACE ARRAY (LEFT SHOWN)
c
cc PRESENT IF IQL.EQ.3 .AND. GROUP.EQ.1
c
CL (SOURCY(J),J=l,JT) ----NOTE STRUCTURE BELOW----
c
Cw ~*~T=mER oF ~RDs

c
Cs DO 1 K=l,KT
CS 1 READ(N) *LIST AS ABOVE*
c
c--------------------------------------------------------------------
c
c----------------------------------------------------------------------
CR BOUNDARY SOURCE SPACE-ANGLE ARRAY (LEFT sHOwN)
c
cc PRESENT IF IQL.EQ.4 .AND. GROUP.EQ.1
c
CL (SOuRcy(J),J=l,JT) ----NOTE STRUCTURE BELow----
C
Cw JT*~T=mER OF wo~s

c
Cs DO 1 M=l,MMHALF
Cs IXl 1 K=l,KT
CS 1 READ(N) *LIST AS ABOVE*
c
c----------------------------------------------------------------------
c
c----------------------------------------------------------------------
CR BouNDzulY SOuRCE ANGLE-SPACE my (LEFT SHOWN)
c
cc PRESENT IF IQL.EQ.5 .AND. GROUP.EQ.1
c
CL (SALEFT(M),M=l,MMHALF) ----NOTE STRUCTURE BELow----
C
Cw MMHALF*MULT=NUMBER OF WORDS
c
Cs DO 1 K=l,KT
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Cs DO 1 J=l, JT
CS 1 READ(N) *LIST AS ABOVE*
c
c-----------------------------------------------------------------------
c
CEOF
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UCFLUX

The UCFLUX file is a binary, code-dependent interface file containing the necessary
information for a restart calculation when using the ray tracing first collision option in
the TWODANT Solver Module.

c**** ***** ***** ***** ***** **********************************************_

c DATE 02/09/95
c
CF UCFLUX
CE CODE DEPENDENT UNCOLLIDED FLUX RESTART FILE
c
c**********************************************************************_

c--------------------------------------------------------------------
c
c
CN THIS FILE ALLOWS A RESTART WHEN USING THE FCSRC Ol?I’ION
c
c
c----------------------------------------------------------------------

c----------------------------------------------------------------------
Cs FILE STRUCTURE
Cs
Cs RECORD TYPE PRESENT IF
Cs =====..=. .=-...==== ======.= -----—------Zen _______--—-----

Cs INT SPECIFICATIONS ALWAYS
Cs FP SPECIFICATIONS ALWAYS
Cs NUMBER OF TRACKS 12.GT.O
Cs INTEGRAL FLUXES 12.GT.O
Cs
Cs *************** (~p~T FoR NSGRP GROUPS)

Cs * UNCOLLIDED FLUX MOMENTS ALWAYS
Cs ***************

c
cc NSGRP IS THE NUMBER OF GROUPS WITH AN INHOMOGENEOUS -
cc SOURCE
c
c-----------------------------------------------------------------------

c---------------------------------------------------------------------
CR INT SPECIFICATIONS (1D RECORD)
c
CL NHSTOT,NXYSCORX ,IPREVTR,NWDS
c
m 4 =NUMBER OF WORDS
c
CD NHSTOT NUMBER OF RAYS TRACED
CD NXYSCORE NUMEER OF RAYS TERMINATED
CD IPREVTR NUMBER OF PREVIOUS TRIALS
CD NwDs TOTAL NUMBER OF WORDS IN FILE
c
c______________________________________________________________________
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c----------------------------------------------------- ____
CR FP SPECIFICATIONS (1D RECORD)
c

—

CL WTMIN,WTMAX ,WTTOT,PTIME
c
Cw 4 ‘mm OF WORDS

—

m

:D WTMIN
—

MINIMUM WY WEIGHT
CD WTMAX MAXIMUM RAY WEIGHT
CD WTTOT

—
TOTAL RAY WEIGHT

CD PTIME CPU TIME
c
c--------------------------------------------------

—
--—— ________________

c--------------------------------------------------- -——___— ___________
CR NUMBER OF TRACKS (2D RECORD)
.
L

cc
—

-PRESENT IF 12.GT.0
c
CL ((~ENTR(I,J), I=l,IT) ,J=l,JT) —
L

Cw
—

IT*JT =NUMBER OF WORDS
L

CD NTENTR(I,J)
c

NUMBER OF RAYS ENTERING EACH FINE MESH -

c-------------------------------____-______----_______________________:

c------------------------------------------------- -——— _________________
CR INTEGRAL FLUXES (2D RECORD)
.
L

cc PRESENT IF 12.GT.O
c

—

CL ((FLRT(I,J), I=l,IT),J=l,JT), ((FLRT2(I,J),I=I,IT),J=1,JT) -
c
Cw

—
IT*JT*2 =NUMBER OF WORDS

c
CD FLRT(I,J) INTEGRAL FLUXES FOR VARIANCE CALC
CD FLR2T(I,J) INTEGRAL FLUXES**2 FOR VARIANCE CALC -

;------------------------------------------------ -——___— ______________

c------------------------------------------------ --——_________________
CR LEAKAGES (1D RECORD)
c
CL (FCRL(I),I=l,IGM) ,(FCLL(I),I=l, IGM) ,(FCTL(I),I=l,IGM) ,
CL (FCBL(I),I=l,IGM)
c
Cw IGM*4 =-ER OF wo~s

;D FCRL(I) FCSRC RIGHT LEAKAGE (UNNO-IZED) -
CD FCLL (I) FCSRC LEFT LEAKAGE (UNNORMALIZED)
CD FCTL (I)

—
FCSRC TOP LEAKAGE (UNNORMALIZED)

CD FCBL (I) FCSRC BOTTOM LEAKAGE (UNNORMA.LIZED) -
c
c------———

—
_____________________________________________________________

c--------------------------------------------------- --—— _______________
CR UNCOLLIDED FLUX MOMENTS (3D RECORD)
c
CL (((FLuc(I,J,N) ,I=l,IT),J=l,JT) ,N=l,NM)
c

—
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Cw lT*JT*~ .-ER OF WORDS

c
CD FLUC(I, J,N) UNCOLLIDED FLUX MOMENTS MULTIPLIED BY -
CD VOLUME, UNNORMALIZED
c
c------------------------------------------------------ -------------
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AOVERWRITTEN INPUT FILES

On occasion, an input file has the same name as a normal output file. For instance, the
RTFLUX file may be input, but a file named RTFLUX containing the fluxes is always
written by any SOLVER at the completion of the run.

Such a file will be overwritten without comment if it is in the local filespace. DANT-
SYS only writes to the local filespace. For a list of the files that DANTSYS might write,
the user is referred to Table 13.1, “Files Read and Written,” on page 13-9 in chapter
“ONEDANT, TWODANT, TWOHEX, TWODANT/GQ, and THREEDANT — Code
Structure”.

The user can protect input cross-section files through use of a search path name. See any
of the User’s Guides for a discussion of how to do this.
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KNTRODUC!TION

INTRODUCTION

This chapter contains abstracts for each of the solvers in the DANTSYS package.
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1.

2.

3.

4.

5.

6.

ONEDANT ABSTRACT

ProgramI dentification: ONEDANT

Computer for which Program is designed:
The current release is designed for Unix-like systems. The specific computers

supported fall into two categories: Long word computers and short word com-
puters. The program has been implemented on the long word Cray-YMP and
Cray 2 computers. It has also been implemented on the Sun, SGI, HP9000, and
IBM RS6000 short word workstations. The workstation versions use double pre-
cision arithmetic. Older versions have run on CDC Cyber 205, Vax, and main
frame IBM but are not supported in this release.

Function:
ONEDANT solves the one-dimensional multigroup transport equation in

plane, cylindrical, spherical, and two-angle plane geometries. Both regular and
adjoint, inhomogeneous and homogeneous (&H and eigenvalue search) problems
subject to vacuum, reflective, periodic, white, albedo, or inhomogeneous bound-
ary flux conditions are solved. General anisotropic scattering is allowed and
anisotropic inhomogeneous sources are permitted.

Method of Solution:
ONEDANT numerically solves the one-dimensional, muh.igroup form of the

neutral-particle, steady-state form of the Boltzmam transport equation. The dis-
crete-ordinates approximation is used for treating the angular variation of the
particle distribution and the diamond-difference scheme is used for phase space
discretization. Negative fluxes are eliminated by a local set-to-zero-and-correct
algorithm. A standard inner (within-group) iteration, outer (energy-group-depen-
dent source) iteration technique is used. Both inner and outer iterations are accel-
erated using the diffusion synthetic acceleration method.

Restrictions:
The code is thoroughly variably dimensioned with a flexible, sophisticated data

management and transfer capability. Originally designed for the CDC-7600 com-
puter, the code is structured for a three-level hierarchy of data storage: a small,
fast core central memory (SCM), a fast-access, peripheral large core memory
(LCM), and random-access peripheral storage. For computing systems based on
a two-level hierarchy of data storage - a large fast core and random-access
peripheral storage - a portion of fast core is designated as a simulated LCM to
mimic the three-level hierarchy. Random-access storage is used only if LCM (or
simulated LCM) storage requirements are exceeded. Normally, an SCM of about
40,000 words of storage and an LCM (or simulated LCM) of a few hundred thou-
sand words is sufficient to eliminate the need for using random-access storage.

Running Time:
Running time is directly related to problem size and to the computer’s central

processor and data transfer speeds.

ABSTR4~S Vemion3.0 16-7



ONEDANTABSTRACT

7.

8.

9.

10.

On the Cray-XMP, a 69 energy group [with 40 thermal (upscatter) groups],
S~G,P3 scatter, 500 space-point ~ff Cddation for a hght wa~r reactor requires
about 48 sec CPU time.

A 30 energy group, Slfj, P4 scatter, 30 space-point, fixed surface source, detec-
tor efficiency problem requires about 1.4 sec CPU time on the Cray-XMP.

A 42 energy group, S32, P3 scatter, 200 space-point; coupled neutrordgamma
shielding problem requires about 5 sec CPU time on the Cray-XMP.

Generally then, on the Cray-XMP, the running times for ONEDANT will range
from a second to about a minute.

Unusual Features of the Program:
The ONEDANT code is modularly structured in a form that separates the input

and the output (or edit) functions from the main calculational (or solver) section
of the code. Thus, the package consists of an Input Module, an Edit Module, and
the Solver Module. The code makes use of binary, sequential data files, called
interface files, to transmit data between modules and submodules. Standard
interface files whose specifications have been defined by the Reactor Physics
Committee on Computer Code Coordination are accepted, used, and created by
the code. A free-field card-image input capability is provided for the user. The
code provides the user with considerable flexibility in using both card-image or
seque&ial file input and also
submodules.

Programming Languages:
The program is written in

in controlling the execution of both modules and

standard FORTRAN 77 language with only two
known exceptions. There are a few variable names longer than six characters and
in line comments are used. There are also a few C language routines used to
interface to the Unix system.

Machine Requirements:
The fast core size must be sufficiently large to permit partitioning into an SCM

and simulated LCM. Random-access auxiliary storage may occasionally be
required if LCM (or simulated LCM) storage is insufficient for the problem being
executed.

Material Available:
Source deck (about 200,000 card-images), sample problems, and the

DANTSYS document, “DANTSYS: A Diffusion Accelerated Neutral Particle
Transport Code System”, LA-12969-M, have been submitted to the Radiation
Shielding Information Center.
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1.

2.

3.

4.

5.

TWODANT ABSTRACT

Program identification: TWODANT

Computer for which Program is designed:
The current release is designed for Unix-like systems. The specific computers

supported fall into two categories: Long word computers and short word com-
puters. The program has been implemented on the long word Cray-YMP and
Cray 2 computers. It has also been implemented on the Sun, SGI, HP9000, and
IBM RS6000 short word workstations. The workstation versions use double pre-
cision arithmetic. Older versions have run on CDC Cyber 205, Vax, and main
frame IBM but are not supported in this release.

Function:
TWODANT solves the two-dimensional multigroup transport equation in x-y,

r-z, and r-0 geometries. Both regular and adjoint, inhomogeneous (fixed source)
and homogeneous &ff and eigenvalue search) problems subject to vacuum,
reflective, periodic, white, or inhomogeneous boundary flux conditions are
solved. General anisotropic scattering is allowed and anisotropic inhomogeneous
sources are permitted.

Method of Solution:
TWODANT numerically solves the two-dimensional, multigroup form of the

neutral-particle, steady-state Boltzmann transport equation. The discrete-ordi-
nates form of approximation is used for treating the angular variation of the parti-
cle distribution and the diamond-diiTerence and adaptive weight diamond
(AWDD) schemes are used for space-angle discretization. Negative fluxes are
eliminated by a local set-to-zero-and-correct algorithm in the diamond case. A
standard inner (within-group) iteration, outer (energy-group-dependent source)
iteration technique is used. Both inner and outer iterations are accelerated using
the diffusion synthetic acceleration method. The diffusion solver uses the multi-
grid method and Chebychev acceleration of the fission source.

A coupled Monte Carlo/discrete ordinates option for solving all or part of the
problem using Monte Carlo is provided for x-y and r-z geometries. A ray trace
first collision option to obtain a first collision source from an arbitrary source dis-
tribution may be used in x-y and r-z geometries.

Restrictions:
The code is thoroughly variably dimensioned with a flexible, sophisticated data

management and transfer capability. Originally designed for the CDC-7600 com-
puter, the code is structured for a three-level hierarchy of data storage: a small,
fast core central memory (SCM), a fast-access, peripheral large core memory
(LCM), and random-access peripheral storage. For computing systems based on
a two-level hierarchy of data storage - a large fast core and random-access

.

peripheral storage - a portion of fast core is designated as a simulated LCM to
mimic the three-level hierarchy. Random-access storage is used only if LCM (or
simulated LCM) storage requirements are exceeded. Normally, an SCM of about
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40,000 words of storage and an LCM (or simulated LCM) of a few hundred thou-
sand words is sufficient to eliminate the need for using random-access storage.

6. Running Time:
Running time is directly related to problem size and to central processor and

data transfer speeds. On the Cray-XMP, a four group, adjoint calculation of the
eigenvalue of an R-Z model of the Fast Test Reactor (lTR) took 15 seconds. The
calculation used transport corrected P. cross sections, an S4 angular quadrature,
and a 31 by 68 spatial mesh.

7. Unusual Features of the Program:
The TWODANT code is modularly structured in a form that separates the

input and the output (edit) functions from the main calculational (solver) section
of the code. The code makes use of binary, sequential data files, called interface
files, to transmit data between modules and submodules. Standard interface files
whose specifications have been defined by the Reactor Physics Committee on
Computer Code Coordination are accepted, used, and created by the code. A
free-field card-image input capability is provided for the user. The code provides
the user with considerable flexibility in using both card-image or sequential file
input and also in controlling the execution of both modules and submodules.

8. Programming Languages:
The program is written in standard FORTlU4N 77 language with only two

known exceptions. There are a few variable names longer than six characters and
in line comments are used. There are also a few C language routines used to
interface to the Unix system.

9. Machine Requirements:
The fast core size must be sufficiently large to permit partitioning into an SCM

and simulated LCM. Random-access auxiliary storage may occasionally be
required if LCM (or simulated LCM) storage is insufficient for the problem being
executed.

10. Material Available:
Source deck (about 200,000 card-images), sample problems, and the

DANTSYS document, “DANTSYS: A Diffusion Accelerated Neutral Particle
Transport Code System”, LA- 12969-M, have been submitted to the Radiation
Shielding Information Center.
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1.

2.

3.

4.

5.

6.

TWODANT/GQ ABSTRACT

Program identification: TWODANT/GQ

Computer for which Program is designed:
Cray computers running UMCOS

Function:
TWODANT/GQ solves the two-dimensional multigroup transport equation in

a mesh of generalized quadrilaterals in x-y and r-z geometries. Both regular and
adjoint, inhomogeneous (fixed source) and homogeneous &ff and eigenvalue
search) problems subject to vacuum, reflective, periodic, white, or inhomoge-
neous boundary flux conditions are solved. General anisotropic scattering is
allowed and anisotropic inhomogeneous sources are permitted.

Method of Solution:
TWODANT/GQ numerically solves the two-dimensional, multigroup form of

the neutral-particle, steady-state Boltzmann transport equation. The discrete-
ordinates form of approximation is used for treating the angular variation of the
particle distribution and the diamond-difference scheme is used for space-angle
discretization. Negative fluxes are eliminated by a local set-to-zero-and-correct
algorithm. A standard inner (within-group) iteration, outer (energy-group-depen-
dent source) iteration technique is used. Both inner and outer iterations are accel-
erated using the diffusion synthetic acceleration method. The diffision solver
uses the multigrid method and Chebychev acceleration of the fission source.

Restrictions:
The code is thoroughly variably dimensioned with a flexible, sophisticated data

management and transfer capability. Originally designed for the CDC-7600 com-
puter, the code is structured for a three-level hierarchy of data storage: a small,
fast core central memory (SCM), a fast-access, peripheral large core memory

(LCM), and random-access peripheral storage. For computing systems based on
a two-level hierarchy of data storage - a large fast core and random-access
peripheral storage - a portion of fast core is designated as a simulated LCM to
mimic the three-level hierarchy. Random-access storage is used only if LCM (or
simulated LCM) storage requirements are exceeded. Normally, an SCM of about
40,000 words of storage and an LCM (or simulated LCM) of a few hundred thou-
sand words is sufficient to eliminate the need for using random-access storage.

Running Time:
Running time is directly related to problem size and to central processor and

data transfer speeds. On the Cray-YMP, a one group calculation of the eigenvalue
of an x-y model of the sample TWODANT/GQ problem took 4.7 seconds. The
calculation used transport corrected P. cross sections, an S4 square angular
quadrature, and a 56 by 56 spatial mesh.
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7. Unusual Features of the Program:
The use of a generalized quadrilateral mesh allows accurate modeling of more

complex shapes than can be accommodated by the usual rectilinear mesh. The
TWODANT/GQ code is modularly structured in a form that separates the input
and the output (edit) functions from the main calculational (solver) section of the
code. The code makes use of binary, sequential data files, called interface files, to
transmit data between modules and submodules. Standard interface files whose
specifications have been defined by the Reactor Physics Committee on Computer
Code Coordination are accepted, used, and created by the code. A free-field
card-image input capability is provided for the user. The code provides the user
with considerable flexibility in using both card-image or sequential file input and
also in controlling the execution of both modules and submodules.

8. Programming Languages:
The program is written in standard FORTRAN 77 language with only two

known exceptions. There are a few variable names longer than six characters and
in line comments are used. There are also a few C language routines used to
interface to the Unix system.

9. Machine Requirements:
The fast core size must be sufficiently large to permit partitioning into an SCM

and simulated LCM. Random-access auxiliary storage may occasionally be
required if LCM (or simulated LCM) storage is insufficient for the problem being
executed.

10. Material Available:
Source deck (about 200,000 card-images), sample problems, and the

DANTSYS document, “DANTSYS: A Diffusion Accelerated Neutral Particle
Transport Code System”, LA-12969-M, have been submitted to the Radiation
Shielding Information Center.
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TWOHEX ABSTRACT

1. Program identification: TWOHEX

2. Computer for which Program is designed:
The current release is designed for Unix-like systems. The specific computers

supported fall into two categories: Long word computers and short word com-
puters. The program has been implemented on the long word Cray-YMP and
Cray 2 computers. It has also been implemented on the Sun, SGI, HP9000, and
IBM RS6000 short word workstations. The workstation versions use double pre-
cision arithmetic. Older versions have run on CDC Cyber 205, Vax, and main
frame IBM but are not supported in this release.

3. Function:
TWOHEX solves the two-dimensional multigroup transport equation on an

equilateral triangular mesh in the x,y plane. Both regular and adjoint, inhomoge-
neous (fixed source) and homogeneous problems are solved. Three problem
domains are treated by TWOHEX. The “whole core” domain is a 60 degree par-
allelogram with vacuum boundary conditions on each face. The “third core”
domain is a 120 degree parallelogram with two vacuum and two rotational
boundary conditions. The “sixth core” domain is a 60 degree parallelogram with
two vacuum and two rotational boundary conditions. General anisotropic scat-
tering is allowed and an anisotropic inhomogeneous source may be input as cell
averages.

4. Method of Solution:
lWOHEX numerically solves the two-dimensional, multigroup form of the

neutral-particle, steady-state Boltzmann transport equation. The discrete-ordi-
nates form of approximation is used for treating the angular variation of the par-
ticle distribution and a linear characteristic/nodal scheme is used for spatial
discretization. There is no negative flux fump since few if any negative fluxes are
generated by this numerical scheme. A standard inner (within-group) iteration,
outer (energy-group-dependent source) iteration technique is used. Both inner
and outer iterations are accelerated using the Chebyshev acceleration method.

5. Restrictions:
The code is thoroughly variably dimensioned with a flexible, sophisticated data

management and transfer capability. Originally designed for the CDC-7600 com-
puter, the code is structured for a three-level hierarchy of data storage: a small,
fast core central memory (SCM), a fast-access, peripheral large core memory
(LCM), and random-access peripheral storage. For computing systems based on
a two-level hierarchy of data storage - a large fast core and random-access
peripheral storage - a portion of fast core is designated as a simulated LCM to
mimic the three-level hierarchy. Random-access storage is used only if LCM (or
simulated LCM) storage requirements are exceeded. Normally, an SCM of about
40,000 words of storage and an LCM (or simulated LCM) of a few hundred thou-
sand words is sufficient to eliminate the need for using random-access storage.
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6. Running Time:
Running time is directly related to problem size and to central processor and

data transfer speeds. On a Cray-lS, a four group calculation of the eigenvalue of
a midplane whole core model of the Fast Test Reactor (lTR) took 45 seconds.
The calculation used transport corrected PO cross sections, an S4 angular quadra-
ture with 12 angles per hemisphere, and a 60 by 30 spatial mesh (six triangles
per subassembly).

7. Unusual Features of the Program:
The triangular mesh allows accurate modeling of core geometries consisting of

hexagonal fuel elements. The TWOHEX code is modularly structured in a form
that separates the input and the output (edit) functions from the main calcula-
tional (solver) section of the code. The code makes use of binary, sequential
data files, called interface files, to transmit data between modules and submod-
ules. Standard interface files whose specifications have been defined by the
Reactor Physics Committee on Computer Code Coordination are accepted, used,
and created by the code. A free-field card-image input capability is provided for
the user. The code provides the user with considerable flexibility in using both
card-image or sequential file input and also in controlling the execution of both
modules and submodules.

8. Programming Languages:
The program is written in standard FORTRAN 77 language with only two

known exceptions. There are a few variable names longer than six characters and
in line comments are used. There are also a few C language routines used to
interface to the Unix system.

9. Machine Requirements:
The fast core size must be sufficiently large to permit partitioning into an SCM

and simulated LCM. Random-access auxiliary storage may occasionally be
required if LCM (or simulated LCM) storage is insufficient for the problem being
executed.

10. Material Available:
Source deck (about 200,000 card-images), sample problems, and the

DANTSYS document, “DANTSYS: A Diffusion Accelerated Neutral Particle
Transport Code System”, LA- 12969-M, have been submitted to the Radiation
Shielding Information Center.
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THREEDANT ABSTRACT

1. Program identification: THREEDANT

2. Computer for which Program is designed:
The current release is designed for Unix-like systems. The specific computers

supported fall into two categories: Long word computers and short word com-
puters. The program has been implemented on the long word Cray-YMP and
Cray 2 computers. It has also been implemented on the Sun, SGI, HP9000, and
IBM RS6000 short word workstations. The workstation versions use double pre-
cision arithmetic. Older versions have run on CDC Cyber 205, Vax, and main
frame IBM but are not supported in this release.

3. Function:
THREEDANT solves the three-dimensional multigroup transport equation in

x-y-z, and r-z-e geometries. Both regular and adjoint, inhomogeneous (fixed
source) and homogeneous &ff and eigenvalue search) problems subject to vac-
uum, reflective, periodic, white, or inhomogeneous boundary flux conditions are
solved. General anisotropic scattering is allowed and anisotropic inhomogeneous
sources are permitted.

4. Method of Solution:
THREEDANT numerically solves the three-dimensional, multigroup form of

the neutral-particle, steady-state Bokzmann transport equation. The discrete-
ordinates form of approximation is used for treating the angular variation of the
particle distribution and the diamond-difference scheme and adaptive weighted
diamond (AWDD) schemes are used for space-angle discretization. Negative
fluxes are eliminated by a local set-to-zero-and-correct algorithm in the diamond
case. A standard inner (within-group) iteration, outer (energy-group-dependent
source) iteration technique is used. Both inner and outer iterations are accelerated
using the diffusion synthetic acceleration method. The di.lfusion solver uses the
multigrid method and Chebychev acceleration of the fission source.

5. Restrictions:
The code is thoroughly variably dimensioned with a flexible, sophisticated data

management and transfer capability. Originally designed for the CDC-7600 com-
puter, the code is structured for a three-level hierarchy of data storage: a small,
fast core central memory (SCM), a fast-access, peripheral large core memory
(LCM), and random-access peripheral storage. For computing systems based on
a two-level hierarchy of data storage - a large fast core and random-access
peripheral storage - a portion of fast core is designated as a simulated LCM to
mimic the three-level hierarchy. Random-access storage is used only if LCM (or
simulated LCM) storage requirements are exceeded. Normally, an SCM of about
40,000 words of storage and an LCM (or simulated LCM) of a few hundred thou-
sand words is sufficient to eliminate the need for using random-access storage.

ABSTRACTS Version3.0 16-23



THREEDANTABSTRACT

6.

7.

8.

9.

10.

Running Time:
Running time is directly related to problem size and to central processor and

data transfer speeds. On the Cray-YMP, a four group, adjoint calculation of the
eigenvalue of an XYZ model of the Fast Test Reactor (FTR) took 35 seconds.
The calculation used transport corrected PO cross sections, an S8 angular quadra-
ture, and a 14x14x30 spatial mesh.

Unusual Features of the Program:
The THREEDANT code is modularly structured in a form that separates the

input and the output (edit) functions from the main calculational (solver) section
of the code. The code makes use of binary, sequential data files, called interface
files, to transmit data between modules and submodules. Standard interface files
whose specifications have been defined by the Reactor Physics Committee on
Computer Code Coordination are accepted, used, and created by the code. A
free-field card-image input capability is provided for the user. The code provides
the user with considerable flexibility in using both card-image or sequential file
input and also in controlling the execution of both modules and submodules.

Programming g Languages:
The program is written in standard FORTRAN 77 language with only two

known exceptions. There are a few variable names longer than six characters and
in line comments are used. There are also a few C language routines used to
interface to the Unix system.

Machine Requirements:
The fast core size must be sufficiently large to permit partitioning into an SCM

and simulated LCM. Random-access auxiliary storage may occasionally be
required if LCM (or simulated LCM) storage is insufficient for the problem being
executed.

Material Available:
Source deck (about 200,000 card-images), sample problems, and the

DANTSYS document, “DANTSYS: A Diffusion Accelerated Neutral Particle
Transport Code System”, LA- 12969-M, have been submitted to the Radiation
Shielding Information Center.
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