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IIWRODUCI'ION 

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, multigroup 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/angle 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 diamond-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 
RZO 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 X Y  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 package as the 
DANTSYS code package. 

Some of the major features included in the DANTSYS code package are: 
a free-field format ASCII text input capability; 

standardized, data- and file-management techniques as defined and developed by the 
Committee on Computer Coordination (CCCC) and described in Ref. 4; both 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- 
ANT, 

direct (forward) or adjoint calculational capability; 



\ The DANTSYS code package includes the following transport codes: ONEDANTy 
TWODANT, TWODANTIGQ, 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, multigroup discrete ordinates form of the Boltvnann 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 SpaceIangle discret- 
ization. h a s - p m o c -  ' 3: 1. Also included in the package are Solver 
Modules named TWODANT, TWODANTIGQ, THREEDANT, and TWOHEX. The 
TWODANT Solver Module solves the time-independent two-dimensional tra,nsport 
equation using the diamond-differenc' g method for spaceIangle discretizatiod&d-ww- 
p r k 0 d H e m m t -  . -. d h a v e  also introduced an adaptive weighted dia- 
mond differencing (A'WDD) 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. T~~TsF's 
g . u i d & e ~ a s - p r e v i m d y - d o c ~  . . The THREEDANT Solver 
Module solves the time independent, three-dimensional transport equation for XYZ and 
RZO symmetries using both diamond differencing with set-to-zero fixup and the AWDD 
method. The TWODANTIGQ Solver Module solves the two-dimensional transport 
equation in X Y  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 package as the 
DANTSYS code package. 

Some of the major features included in the DANTSYS code package are: 
a free-field format ASCII text input capability; 

standardized, data- and file-management techniques as defined and developed by the 
Committee on Computer Coordination (CCCC) and described in Ref. 4; both 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, TWODANTIGQ, and THREED- 
ANT; 

direct (forward) or adjoint calculational Capability; 
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stan<ard 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; 

arbitrary anisotropic scattering order; 

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

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

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

AWDD available in the TWODANT and THREEDANT modules; 

A coupled SJMonte Carlo option for the TWODANT module; 

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

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

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 a l l  
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. 



DOCUMENTATION SUMMARY 

DOCUMENTATION SUMMARY 
\ 

The S, Code package includes documentation for varying audiences. 

Table 1.1 Documentation Elements 

Documentation .- Introduction 

I Details 
I Details 

Reference 

Details 

1 Details 

1 Reference 

1 Reference 

Reference 

I Title 

Introduction and System Over- 

ONEDANT Users Guide 

TWODANT Users Guide 

TWOHEX Users Guide 

THREEDANT Users Guide 
~~ ~ 

Details of the Geometry and 
Solver Input 

Running the Edit Module 

Cross Section Libraries 

Material Mixing Tutorial 
~ 

Methods Document 

Code Structure 

File Descriptions 

~ ~~ 

Bibliography 

Since the ONEDANT 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.l Also 
included are the published manuals for T W O D M  and TWOHEX? 

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 will 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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1 COMMON 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. 

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 with xi-112 < xi+1/2 in the x direction; yj-112 and yj+1/2 
with yj-1/2 < yj+1/2 in the y direction; zk-1/2 and zk+1/2 with zk-1/2 < zk+1/2 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 0 (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. 

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 page7-15 
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 the 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 &E Also the alpha eigenvalue 
(time constant) of the system is determined by a search procedure based upon successive 
determinations of 

Both the inner and outer iterations are accelerated using the W s i o n  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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There are some times when the user must be aware that the code is constructed on a 
modular basis with files supplying the comunication 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. 

Input Module 

Solver Module 

- Control Flow 
Edit Module 

- Data Flow 4 
Figure 1.3 DANTSYS Structure 

More detail on this topic will be found in the chapter "ONEDANTy TWODANT, TWO- 
HEX, TWODANT/GQ, and THREEDANT - Code Structure". 
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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.'P2 

ONEDANTm 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. 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 codepackage with a one-dimensional 
SOLVER module. 

Some of the major features included in the ONEDANT 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 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, 

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

arbitrary anisotropic scattering order, 

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

inhomogeneous (fixed) source or ke,calculation options, as well as time-absorp- 
tion (a), 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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- 

1 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? 

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 first time user; an experienced user generally needs only 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 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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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 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 FSFERENCE” 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 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 “FEE 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 

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-11 contains the geometric information. 

Block-IlI 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 IlI 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 diagrammed on the following page. 
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Title Line Count ( 
Title Line(s) ( 

Block-I f (Controls and Dims) 
T 

Block-II f (Geometry) 

I T 

Block-ID f (Nuclear Data) 

Text Cross Sections 
(optional) 

I 

/ Block-IV I 

/ Block-V 
(Solver Input) I T  

/ Block-VI 
(Edit Input) 

T 

Figure 2.1 ONEDANT Input Order 
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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 ONEDANT; they are 
ANUY, 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= 0 0 0 1.1 1.1 0 0 0 0 0 

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,lO.O 

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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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 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. 

Comments 

A slash (0 may be used to enter comments in the input stream. After a slash is read, no 
further processing of that card-image is done. 

ODerators 

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; 
0 is any one of the “data operator” characters shown below; and 
d is a “data entry” (may be blank for some operators). 

A “data entry” must be a numeric data item; a character data 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= 0 0 0 2R1.1FO 

Note that the operators for mD0-like repeat and fill were used and were appended 
directly to the data numerator. In general, all the FD07 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 
nId 

nC d 
F d  

nY m 
nLd 

nz 
nS 
nQ m 
nG m 

nNm 

nMm 

nx 

REPEAT the data item d, n times. 
INTERPOLATE (linear) n data items between data item d and the next 
data item. 
SCALE (multiply) the n previous entries by d. 
FlLL the rest of the data string with the data item d. 
STRING REPEAT. Repeat the previous m strings, n times. 
INTERPOLATE LOGARITHMICALLY n data items between d and 
the next d. 
ZERO. Enter the value zero n successive times. 
SKIP. Skip the next n data items. 
SEQUENCE REPEAT. Enter the last m entries, n more times. 
SEQUENCE REPEAT WITH SIGN CHANGE. Same as the Q option 
but the sign of the m entries is changed every repeat. 
SEQUENCE REPEAT INVERT. Same as the Q option but the order of 
the m entries is inverted each repeat. 
SEQUENCE REPEAT INVERT WITH SIGN CHANGE. Same as N 
option but the sign is also changed every repeat. 
COUNT CHECK. Causes code to check the number of entries in the 
current string so far, against the number n. 

I 1  

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 P,NGROUP*NMQJ 

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 Po source values for each x mesh point 
for group 1. The next string is the Po source values for each x mesh point for 
group 2. When NGROUP strings have been entered (thus exhausting the Po val- 
ues), one enters in the next string the Pl source values for each x mesh for group 
1. The P1 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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Title Line Control 
(316 Format) 
NHEAD, NOTIY, NOLIST 

I / Title Line(s1 

(n; NHEAD>O) 

/ Block-I: Controls & Dimensions 

IGEOM 
NGROUP 
ISN 
NISO 
MT 
NZONE 
IM 
IT 

MAXLCM 
MAXSCM 

NOFGEN 
NOSOLV 
NOEDIT 

NOGEOD 
NOMIX 
NOASG 
NOMACR 
NOSLNP 
NOEDTT 
NOADJM 

T 

Block-II: Geometrv 

XMESH W+1] 

ZONES IJM] 
T 

/ Block-IIL Cross Sections 

LIB 
valid: ODNINP 

XLJB 
Isom 
GRUPXS 
BXSLJB 
MACRXS 
MACBCD 
XSLJBB 
0ocal)MENDF 
(l0cal)MENDFG 
alternate XSLIB name 

WRlTMXS 
valid MACBCD 

XSLIBB 
XSLJBF 
XSLJBE 

LNG 
BALXS 
NTICHI 
CHIVEC [NGROUP] 
LIBNAME 

Rest of this block is needed only for text 
libraries. 

MAXORD 
MM 
M[T 
IHS 
IFlDO 
ITITL 
I2LP1 
SAVBXS 
KWIKRD (defau1t:l) 
NAMES [NISO] 
EDNAME m-31 
NTPI p m O ]  
VEL [NGROUP] 
EBOUND [NGROUP+l] 

T 

iff LIB= ODNTNP, insert 
ASCII text cross sections here f 
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/ Block-IV: Mkhg 

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

PREMIX [-;-I 

ASGMOD [-;-I 
CMOD 

MATNAM WI 
ZONNAM N O N E ]  
MATSPEC [-I 
valid ATFRAC 

WTFRAC 
ATDEN 

[-I 

T 

IEVT 
ISCT 
ITH 
IBL 
IBR 

EPSI 
EPSO 
lITL 
IrTM 
OITM 
ITLIM 

KCALC 

Solver (continued) 

--- Output Controls --- 

FLUXP 
XSECTP 
FISSRP 
SOURCP 
GEOMP 
ANGP 
BALP 
RAFLUX 
RMFLUX 

--- Miscellaneous --- 

BWTH 
BHGT 
NORM 
I2ANG 

TRCOR 
valid DUG 

BHS 
CESARO 
NO 

CHI [NGROUP,M] 

DEN UT] 

INFLUX 
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Solver (continued) 

IPVT 
PV 
EV 
EVM 
XLAL 
XLAH 
XLAX 
POD 

LBEDO [NGROUP] 
RBEDO CNGROUP] 

----Volumetric Source---- 

INSORS 

SOURCE BGROUP,NMQI 
-or- 
SOURCX IJTNMQI 
-or both- 
SOURCX [ITNMQ] and 
SOURCE CNGR0UP;NMQI 
-or- 
SOURCF [IT,NGROUP*NMQI 

-----Boundary Source---- 

SILEFT [NGROUP] 
SIRITE CNGROUP] 
-or- 

SALEFT [MM/2;NGROUP] 
SARITE [MM/2;NGROUP] 

T 

Block-VI: EDIT 

PTED 
ZNED 

POINTS E], m 
EDZONE 

EDXS E], M D T  
RESDNT 
EDISOS E], KSNISO 
EDCONS [K], KSNISO 
EDMATS [K], KSMT 
D F  P I  

RSFE [NGROuP,-] 
RSFX [IT;-] 
RSFNAM [-I 

ICOLL [K], W G R O U P  
IGRPED 

MICSUM [-I 
IRSUMS [-3 

MASSED 

POWER 
MEVPER 

RZFLUX 
RZMFLX 
EDOUTF 
BWOLP 
AJED 
FLUXONE 

T 

ONEDANT USER'S GUIDE Version 3.0 2-25 



ONEDANTINPUTOVERVIEW MINfh4ANuAL 

2-26 ONEDANT USER’S GUIDE Version 3.0 



ONEDANTINPUTDETALS Intmduction 

ONEDANT INPUT DETAILS 

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 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-11 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-11 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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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 2-22. 

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 
ONEDANT 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. Items in italics in the input instructions indicate actual values that may be entered 
for an array. You will frequently find switches where the input is the digit 0 or 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 ‘?SOTXS” 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. 

13. 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 imple- 
mentation on your platform, the input word, itself, is usually in lower case. 

14. 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. 

ONEDANT USER’S GUIDE Version 3.0 2-29 



ONEDANTINPUTDETALS Title Line Details 

I 

Title Line Control 
(format 316)a 
{Required} 

Name Comments word 

1 NHEAD Number of title lines that follow! 

2 

3 

NOTTY 

NOLIST 

Suppress output to on-line user 
terminal? 
O/l  = no/yes. 
Suppress listing of all ASCII text 

0/1= no/yes. (defaultao) 
input? 

I '  
a. W-G! Note that this fjrst 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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Dimensions 
{Required} 

Name Comments 

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

P M E ,  CWNDER, C E ,  SPHERE, SPH, SLAB, SLAB2AtVGa 
NGROUP Number of energy groups. 
ISN 
NISO 
MT 
NZONE 
IM 
IT 

Sn order to be used. Must be even. 
Number of isotopes on the basic input cross-section library. 
Number of materialsb in the problem(mixed from the isotopes). 
Number of geometric zones' in the problem. 
Total number of coarse mesh intervalsd in the X (or R) direction. 
Total number of fine mesh intervalse in the X (or R) direction. 

a. If SLAB2ANG is entered, the problem will be run as a 2-angle plane calculation and the Block-V 
parameter I2ANG 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 
MAXLCM 

Length of SCM desired (default400001o) 
Length of LCM desired (default=1400001o) 

I’ I 1  

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= no4es.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 h4lNPRT 
input. The EDlT 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 
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. O/l  = no/yes. 
Suppress writing mixing files even though the mixing input in 
Block-IV may be present. O/I = no/yes. 
Suppress writing ASGMAT file even though the assignment input 
in Block-IV may be present. 0/1 = 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. O/I = no/yes. 
Suppress writing the EDITIT file even though Block-VI may be 
present. O/l = no/yes. 
Suppress writing the ADJMAC file even though an adjoint 
calculation is called for. O/l  = no/yes. 

Note: Default on all these controls is no. 
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Geometry Arraysa 
{Required} 

Name Comments 

XMESH m+1] 
XmTS m 
ZONES pMJ 

x (or r) coordinates of coarse mesh edges. 
Number of fine meshes in each coarse x (or r) mesh. 
(Entries must sum to IT). 

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. Definitions of coarse mesh, fine mesh, and zone are given in the chapter “DETAILS OF THE 
BLOCK-I, GEOMEZRY, AND SOLVER INPUT” starting on page 7-1. 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 void, and no cross section will be associated 
with that mesh. The zero zone number is not counted in the total zone count NZOIE. 
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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 
IS0TxSb 

XSLIB 

ODNINP 

GRUPXSC 
BXSLIB 

MACRXP! 

XSLIBB 

MACBCD 
MENDF 

MENDFG 

other 

Descrbtion 
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-Ill). 
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 
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. 
See “XSLIBB Card-Image Library File” on 
page 10-12. 
ASCII form of MACRXS file. 
(LANL only) See “The Los Alamos MENDF5 
Cross-section Library” on page 10-13. 
(LANL only) See “The’Los Alamos MENDF5G 
Gamma Cross-Section Library” on page 10-14. 
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. 
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Nuclear Data Type and Options (Cont.) 
{Required) 

Comments 

WRITMXS 
{optional} 

LNG 
{optional} 
BALXS 
{optional} 

NTICHI 
{optional 

CHIVEC 
INGROUP] 
{optional} 

XSUBF 

Controls the code’s writing certain ASCII cross-section files? 
Enter one of the following words: 
Word Description 
MACBCD 

XSUBB 

XSUBE 

Creates the cross-section file named MACBCD, 
an ASCII image of the MACRXS binary file. 
Creates the cross-section file named XSLIBB, an 
ASCII image of the BXSLIB binary file. 
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). 
Creates the cross-section file named XSLIBF, an 
ASCII file derived from, and corresponding to, 
the MACRXS binary file. XSLIBF is in mD0 
fixed-field format (IFIDO=l). 

Number of the last neutron group in a coupled neutron-photon 
library. Used only to separate neutrons from gammas in the edits. 
cross-section balance control. Enter one of the following values: 
WARNING See page 10-21 before using! 

Value Description 
-I 

0 
I 

balance cross sections by adjusting absorption 
cross section. 
do not balance cross sections. (default) 
balance cross sections by adjusting self- 
scattering cross section. 

MENDF fission fraction to be used for the problem (LANL only). 
1/2/3 = Pu239AJ235KJ238 (default is U235). Will be overridden 
by any CHIVEC input described below or by any zone-dependent 

Chi vector (fission fraction born into each group). Used for every 
isotope. Will be overridden by any zone dependent CHI input in 

CHI in input Block-V. 

Block-V. 

a. 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 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 ovemde by setting I2LP1=1. See “Text Cross-Section Library Format” on page2-39. 
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. h-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 
{ 0 pt io n al} 

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 

a. Available only at Los Alamos. 
b. Available only at Los Alamos. 
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The BXSLLB 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 
BXSLlB 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 LLBNAME 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 BXSLLB 
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Text Cross-Section Library Format 
{Required if LIB= XSLIB or LIB=ODNINP} 

Name Comments 

MAXORD 
IHM 

IHT 
IHS 
{optional 
IFID0 
{optional 

ITITL 
{optional} 
I2LP1 
{optional} 

SAVBXS 
{optional} 

KWIKRD 
{optional} 

NAMES [NISO] 
{optional} 

EDNAME m - 3 1  
{optional} 

NTPI [NISO] 
{optional} 

VEL [NGROUP] 
{optional} 

EBOUND [NGROUP+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. 
-I/O/IL? = Precision(LCEl8)/Los Alamos(6E12)/fixed- 
field FDO/free-field. 
A title line precedes each table. O/I = no/yes 

Higher order scattering cross sections on the library 
contain the 2L+1 term. O/I = 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/I = no/yes. 
Process fixed-field FIDO-format, ASCII text library 
with fast processor at the sacrifice of error checking? 
O/I = no/yes (default=yes). 
Character name for each of the input isotopes. Can be 
used later in mixes. (default names are: ISO1, 
IS02, . . .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 li6aries may be entered in one of the four forms indicated by the lFlD0 
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 MM 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 ~ ~ + l + ~  are upscattering terms and the terms to 
the right of og jg 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 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 T in the character position. No array identifier should be used. This format also 
restricts the usable input operators to T, *, R, -, +, and 2. 

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 page9-1 
apply. Each table in this form is also terminated with the character T. No array identifier 
(Le., array name with appended equals sign) should be used. 

2-40 ONEDANT USER’S GUIDE Version 3.0 



ONEDANTINPUTDETAILS Block-IV Details: Cross-Section Mixing 

A short summary of the primary mixing arrays, MA” 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 

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

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, qg. In common usage, for the first level of mix- 
ing, qg 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 mix- 
ing, 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. 

k 

i =  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 

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

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

PREMIX [-;-I 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 

b. Information entered in the ASSIGN array is written to the code-dependent interface file ASGMT. 
and ZNAJDN. 

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 dehed  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. 

MATLS inmt arrav 

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

MAILS= matl compl den], comp2 den2, ... etc .... ; 
where mat1 is the desired character name of the first material and comply comp2, and so 
on are the character names of its components which have “densities” of, respectively, 
denl, den2, and so on. Additional materials (Le., 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 2-47). 

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 den,; ... etc .... ; 

ASSIGN input arrav 

The general form of the ASSIGN instruction is shown below: 

ASSIGN= zone1 mat] voll, mat2 v012, ... etc .... ; 
where zone] 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 (Le., 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= MAiZS 

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=MAIZS can not be used if you intend to use the 

ASGMOD input array described later in this section. 

PREMIX inmt 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= trnatl compl den ,  comp2 den2, ... etc .... ; 
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where tmut] 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, den], 
den2, and so on. Additional temporary materials (i.e., tmat2, tmat3, and so on) may be 
defined in subsequent strings. A component may be 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 fie- 
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 fidl 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} 

II Name Description II 
ASGMODa [-;-I C, 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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ASGMOD inmt 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 @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. 

C,(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 mat, vel,, mat,, vol,,, ... etc .... ; 
where zone is the character name of any zone in the problem, mat,, mat,,, and so on are 
the character names of any of the materials that will be present in this zone, and vel,, 
VOZ,,, and so on are the C1 values for respectively, mat,, mat,,, 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). 

2-46 ONEDANT USER’S GUIDE Version 3.0 



ONEDANTINPUTDETAILS Block-IV Details: Cross-Section Mixing 

Miscellaneous Mixing Input 
{Optional} 

Name Comments 

MA’AM FIT] 

ZONNAM [NZONE] 

MATSPEC [SMT] 

ATWT [SrMSO] 
{required } 

Character material names for Materials. Used only if 
the mat1 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. 
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, 
and/or weight fractions. 
Allowable entries are the words: 

ATDENS (default) atomic densities 
ATFRAF 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 WTSPEC)’, 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=ATFRAC or WTFRAC, atomic weights 
must be available to the code. Entries for the ATWT 
array are made in pairs, as follows: 

A m =  is01 atwtl is02 atwt2 .... 
where iso, is the isotope name (identifier) for isotope n 
on the cross-section library and atwt, 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 MATSPEGATFRAC or WTFRAC and atomic weights are not available from the input 

library. 

ONEDANT USER’S GUIDE Version 3.0 247 



0NEDANTlNPUTDETAIL-S Block-V Details: Solver Input 

Desired Calculation 

Name Comments 

EVT Calculation type: Enter one of the following values: 
Value Calculation Desired 

-I 
0 inhomogeneous source alone(defau1t). 

2 a (time absorption) search. 
3 concentration search. 
4 dimension search. 

inhomogeneous source with fission or upscatter. 

1 keff 

ISCT 
ITH 
IBL 

IBR 

Legendre order of scattering (default=O). 
Calculation Mode. O/l  = direct/adjoint calculation (default=O). 
Left boundary conditiona. O/IM3 = vacuum/reflectiveb/periodicl 
white' (default=vacuum). 
Right boundary condition: Same input values as for IBL. 

a. The left boundary condition applies only for planar geometry. 
b. May be used in conjunction with an albedo. See the LBEDO array page 2-57. 
c. May be used in conjunction with an albedo. See the LBEDO array page 2-57. 
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Iteration Controls 

Name Comments 

EPSI 
EPSO 
IITL 

IITM 

OITM 
ITLlM 

Inner iteration convergence precision (default=0.0001). 
Outer iteration convergence precision (default=EPSI). 
Maximum number of inner iterations per group until Il.O-h1<3*EPSO. 
Recommend default be used. (default is chosen by code). 
Maximum number of h e r s  per group allowed after II.O-h1<3*EPSO. 
Recommend default be used. (default is chosen by code). 
Maximum number of outer iterations (default=20). 
Number of seconds time limit (default=unlimited). 

Acceleration Controls 

Name Comments 

Upscatter accelerationa. O/I = no/yesb. GREYACC 

a. See page 7-21 for details. 
b. The user may also input the words no or yes. 
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I 
K-Code Convergence 

{Optional} 

Comments Name 

11 KCALC Special Criticality Convergence Scheme. O/I = no/yes. 
I '  

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 
{ 0 pt i on a I} 

Name Comments 

FLUXP Final flux print. O/I/2 = no/isotropic/all moments. 
XSECTP Cross-section print. O/I/2 = no/principal/all . 
FISSRP Fission source rate print. O/I = no/yes. 
SOURCP 
GEOMP Fine mesh geometry print. O/I = no/yes. 
ANGP 
BALP 
RAFLUX 
RMFLUX 

Source print. O/I/2/3 = no/as inputhormalizedhoth . 

Print angular fluxes. O/I = no/yes. 
Print balances for each coarse mesh interval. O/I = no/yes. 
Prepare angular flux file (RAFLWAAFLUX). O/. = no/yes. 
Prepare flux moments file (RMKWAMFLUX). O/I = no/yes. 

2-50 ONEDANT USER'S GUIDE Version 3.0 



ONEDANTINPUTDETAILS Block-V Details: Solver Input 

Miscellaneous Solver Input 
{ 0 pt i onal} 

Name Comments 

TRCOR 

BHGT 

BWTH 

NORM 

I2ANG 

CHI 
l?JGROUP;M] 

DEN PT] 

Apply transport correctiona 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. 

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

Normalization constant. 

Normalize the fission source rate to this value when IEVTil or 
normalize the inhomogeneous source rate to this value when 
JEVTc1. NORM=O means no normalization. (Integral of source 
rate over a l l  angle, space, and energy = NORM, except for keg 
problems where the integral is equal to NORM*k,P) Any 
fluxes printed by setting F L W  nonzero will be normalized 
consistently with this source rate. 
Do two-angle plane calculation? O/I = no/yes. For IGEOM=l 
only. 
Fission fraction born into each group! Enter by zone up to M 
zones. Succeeding zones @e., zones M+l through NZONE) will 
use the CHI values from zone M. 
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. 
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Quadrature Details 

Name Description 

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

-3 
1 

2 

4 

Get constants from SNCONS file. 
Traditional built-in Pn constants [S,, S4, s 6 ,  s8, S12, 
s16, S20, S24, S32, or s48]. (This is the default). 
Traditional built-in DP, constants [S4, s8, S12, s16, 

Built in GQn set (recommended for cylinders) [S,, S4, 
s24, s32, s40, s48, 

s 6 ,  s8, SI21 or SI6 1- 

or s961. 

WG‘Ia wb] Quadrature weights. 
{optional} 

~ W N I  Mu cosines. 
{optional} 

I’ 
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 

II INFLUX Read initial flux guess from the RTFLUX file. O / l  = no/yes. II 
I’ I1 
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General Eigenvalue Search Controla 
{ IEVT >I} 

Name Comments 

IPVT Type of eigenvalue to search for in a concentration or dimension 
search. O/lD = none / kff/ a. (default = 1). 

PV Value of keff or a to which to search. (default = 1.0 if IPVT=l, 0.0 if 
LPVT=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). 
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). 

XLAL 
XLAH 
XLAX 

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

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 desired keg or a value. The 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 @MI Radius modifiers for each coarse mesh interval, for use with 
dimension searches only. 

The dimension search 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= XMESHi + {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. With 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. 

2-54 ONEDANT USER’S GUIDE Version 3.0 



ONEDANTINPUTDETAIL-S Block-V Details: Solver Input 

Volumetric Source Options 
{ 0 pt i ona I} 

Name Comments 

11 INSORS 
Read source from interface file FESRC. 
O/I = no/yes. 

----- For a text-input source, choose one of the following options: 
Option 1: 
SOURCE [NGROUP; NMQa ] Source spectrum for each of NMQ moments. 

(Spatial distribution is assumed to be flat with 
value unity) 

X (or R) spatial distribution for each moment. 
(Spectrum is assumed to be flat with value 

Option 2: 
SOURCX cIT;NMQl 

unity) 
Option 3: (input both arrays)b 
SOURCE [NGROUP; NMQ] Source spectnun. 
SOURCX F;NMQl X (or R) spatial distribution for each moment. 

Option 4: 
SOURCF P;NGROUP*NMQI Spatial distribution for each row, group, 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 some P, expansion of the source. The number of moments is 
n+l for plane and sphere, (n-~2)~/4 for n even and (n+l)(n+3)/4 for n odd for cylinder, and (n+1)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) 



Block-V Details: Solver Input ONEDANTINPUTDETAILS 

directed angle and group. For plane 
geometry only! 
Entered as NGROUP strings of data, 
each string containing MhU2 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. 

Boundary Source Input 
{Optional} 

Name Comments 

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

Option 1: Isotropic Boundary Source. 

SILEFT [NGROUP] 

SIRITE [NGROUP] 

Option 2: Anisotropic Boundary Source. 

Isotropic source on the left side in each 
energy group. For plane geometry only! 
Isotropic source on the right side in each 
energy group. 

I ’  
a. MM = ISN for standard plane and spherical geometries (IGEOM=1,3) 

MM = ISN*(ISN+2) for two-angle plane geometry (IGEOM=l and I2ANG=1) 
MM = ISN*(ISN+2)/4 for cylindrical geometry (IGEOM=2) 
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1 
Albedos 

{Optional} 

Comments Name 

LBEDO 

RBEDO 

INGROUP] 

[NGROUP] 

Left boundary albedoes for each group. 
For plane geometry (IGEOM=l) only. 
Applied as albedoes for either reflective 
(IBLl) or white (IBL3) boundary 
conditions. 
Right boundary albedoes for each group 
for all geometries. Applied as albedoes for 
either reflective (IBR=l) or white 
(IBR=3) boundary conditions. 

I ’  

ONEDANT USER’S GUIDE Version 3.0 2-57 



0NEDANTINPUTDETAII.S Block-VI Details: Edit Input 

Spatial Specifications for Reaction Rates 
{Requireda} 

Name Comments 

PTED Do edits by fine mesh. O/I = no/yes. 
ZNED Do edits by zone. O/I = no/yes. (i.e., edit zone, not SOLVER 

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

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

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

intervals) 

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 [%EDTI 
{ requiredc} 

RESDNT 

EDISOS [ N S O ]  

EDCONS [GIISO] 

EDMATS [SMT] 

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 2-60 or ‘?LIENDF 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. 
Do edits using the resident macroscopic cross section at 
each point. O/I = no/yes. 
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). 
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). 
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). 
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 here in the XDF array as well. 
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Edit Cross-Section Types by Position and Name 

CROSS-SECTION INPUT VIA ISOTXS 
or GRUPXS 

TvDe 
Chi 

nu-fission 
total 

EDIT 
Position Namea 

1 CHI. ... . 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

NUSIGF.. 
TOTAL.. . 
ABS..... 
N-PROT.. 
N-DEUT.. 
N-TRIT.. 
N-ALPH.. 
N-2N .... 
N-GAMM.. 
N-FISS.. 
TRNSPT.. 

CROSS-SECTION INPUT VIA ASCII 
TEXT 

not used 
nu-fission 
total 
absorption 

2 
3 

lb 

N=IH'I-3 

EDIT 
Position 

1 
2 
3 
4 
5 
6 
7 

4+N 

Name 
CHI..... 
NUSIGF.. 
TOTAL.. . 
ABS..... 
EDITl..? 
EDIT2 ... 
EDIT3 ... 

EDITN.. . 

a. Names are eight characters. A period within a name in this table denotes a b1an.k 
b. Denotes position in the cross-section table. All cross sections in positions 1 through IHT-3 in the 

c. These are the default names that may be overridden with the user-option names in the EDNAME array 
cross-section library are EDIT cross sections chosen by the user. 

of Block-III. 
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Reaction Rates from User Response Functions 
{Optionala} 

Name Comments 

RSFE @GROUP;M] 
{required} 

RSFX [rr;MIb 
{optional} 

RSFNAM IM] 
{optional} 

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 NGROUP entries beginning with 
group 1. 
Response function X(or R) distribution for M 
functions. 

Entered as M strings of IT entries beginning with mesh 
point 1. (default=l.O in all positions). 
Character names for the M user-input response 
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 

11 ICOLL W 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) 
Print option on energy groups. Enter one of the following 
values: II IGRPED 
Value Description 

0 
1 Print broad groups only 
2 
3 

Print energy group totals only 

Print broad groups only (same as 1) 
Print both broad groups and totals 

I '  
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Reaction Rate Summing 
{Optional} 

Name Comments 

MICSUM [c500 sums] 

R S U M S  [<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 2-60). Each of these sets 
are delimited with an entry of 0 (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.) 
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 0 (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 zoneshoth (default=l). This option is active 
only if atomic weights are present. See ATWT 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. R u e s  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 FLU” input in the SOLVER Block (see NORM on 
page 2-51). 
MeV released per fission (default=210 MeV). This value will be 
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). 

MEVPER 
{required} 

a. Note that this normalization is meaningless if you are using the results of an adjoint run. 
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Miscellaneous Edit Items 
{ 0 pt i o n a I} 

Name Comments 

RZmUX 

RZMFLX 

E D O W  

BYVOLP 

AJEDd 

FLUXONE 

Write the CCCC standard zonea flux file RZFLUX or AZFLUX. 

Write the code-dependent zoneb flux moments file RZMFLX or 
AZMFLX. 
0/1 = no/yes. 
ASCII output files control. Enter one of the following values: 
Value Description 

O/l  = no/yes. 

-3 

-2 
0 Write neither file. (default) 
1 Write EDTOUT file. 
2 
3 

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

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. 
O/l  =no/yes. 
Regular (forward) edit/Adjoint edit. 
RTFLUX scalar flux file; adjoint edit uses the ATFLUX flux file. 
O/l  = 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 t h i s  switch is on. 

Regular edit uses the 

a. RZFLUX and AXFLUX 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. 
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MENDF Library Edit Cross Sections 
_ _ _ _ _ ~  

Reaction Type Name Description 

CHI 
NUSIGF 
TOTAL 
ABS 
MEND1 
MEND2 
MEND3 
MEND4 
MEND5 
MEND6 
MEND7 
MEND8 
MEND9 
MEND10 
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 + (n92n)fl 

prompt fission spectrum 
(only for fissionable materials) 
total fission spectrum 
(only for fissionable materials) 

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: SAMPLEINPUT 
This appendix presents the printed output from each of two sample problems. The first 
sample problem is a standard kef 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 is a standard ke# calculation for a one-dimensional cylindrical reac- 
tor. Two 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 (do) 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-II 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 Types by Position and 
Name” on page 2-60 and “MFNDF Library Edit Cross Sections” on page 2-66.) The 
card-image cross-section library, provided directly in the card-image input, 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 “p0” 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 
Po Legendre 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 Block-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, 
(LT-238, PU-239)02, material named FUEL is then created using the isotopes PU-239, 
U-238, and 0-16 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 0. (Tn 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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a m  + 1/2’wm and a m -  1/2 /wm in Eq. (25) on page 12-30. (For spherical geometry 
BETA PLUS and BETA MINUS refer, respectively, to one-half the value of the terms 
p m  + 1/2/wm and p m  - 1/2/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 file 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 x (fission fraction), vor dt, and B, . The scattering 
matrix terms correspond to the coefficients in a Legendre expansion of the term 

( r, po) 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 

* 

Os, g‘ + g 

%,h+g os, (h-1) +g d s, (h-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 keg calculation, the eigenvalue is the value of kep For the 
sample problem, then, keg= 0.993 402 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, QL, is the left boundary (surface) 
source, QR, is the right boundary (surface) source, Vi is the “volumeyy of spatial mesh 

* Note that in this discussion, as in the chapter “ONEDANT, TWODANT, TWOHEX, TWODANT/GQ, 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+1/2 is the surface area at the rightmost boundary of the system, and A112 is 
the surface area at the leftmost boundary of the system; 

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

For a k-effective eigenvalue problem, 

- NGROUP IT 

For a source with fission problem, 

NGROUP IT 

h = l  i = l  

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

SINg = 
NGROUP IT c ( os,h+g)i@h,ivi  ; 

h + g  
h = l  i = l  

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

i = l  

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

IT 
SOUT, = c ( < , g ) i  @ g , i  Vi-ABGg-SSg ; 

i =  1 

where ot, is the total cross section for group g plus any buckling “absorption” plus any 
“time absorption” ( ahg) ; 

(6) ABSORPTION = absorption in group g = ABGg 

i =  1 

where oa, 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 

(8) NET LEAKAGE = net flow from system (both boundaries) = NLg 

(9) PARTICLE BALANCE = BALg 

NLg + ABG, + SOUT, 
QG, + FGg +- SINg ' BAL, = 1 - 

(10) NPROD = spectrum of neutrons causing fissions = IVPROD, 

NGROUP IT 

On page 2-84 are provided two optional pointwise quantity printouts. The isotropic flux 
print is provided when the input parameter F'LUXP 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 ("Of) ,, $,, 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 EDI"IT 
binary interface file (containing previously created Edit Module input) was in existence 
at the time of the sample problem execution. 

ONEDANT USER'S GUIDE Version 3.0 2-73 



APPENDMASAMPLEINPUT Sample Problem 1: Standard keff Calculation 

* * * * * 

* * * * * 

* * * * * * 

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

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

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

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

10. 
ll. 
12. u. 

... listirgof cardsintkirpltstran...  

I I .  I 
18. / 19. /****-E(-) * * * *  
20. ~ . 0 , 4 0 , 7 0 , 1 0 0  20, Zl5 
21. zu-€s=123 t 
22. / 
23. / 24. / * * * * - - ( - & ) * * * *  
26. Wwrd.0 h 6  iht34 3 ~ 5  ifidzd ititkl 
27. - "0~16" '173-23" fe CT ni -239" "u-238" 

25. lik=caliq 

?!. , &0E= fLss 

35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 

cw4J 
0.000 
O.Oo0 
WWJ 
0.000 
0.000 
cw4J 
0.000 
0.000 
WWJ 
0.000 
O.Oo0 
cw4J 
0.W 
0.000 
WWJ 
6.270 
4.800 
WWJ 
0.900 
O.Oo0 

m a r s s  
2.000 
3.600 

lmDncross 
1.900 
4.000 

m c r r s s  
2.100 
4.500 

lmDnanss 
2.450 
5.000 

lmDncross 
2.400 
8.000 

lnftxcrrss 
4.800 

12.000 
lmDnanss 

4.700 
l3.000 

1.600 
3.600 

1.500 
3.995 

1.700 
4.490 

2.150 
4.980 

2.000 
7.970 

2.000 
9.500 

3.000 
12.500 

sectias 

0.000 ol6/1 
0.390 d6 /2  

0.000 ra23/1 
0.398 &/2 
0.000 fe/ l  
0.392 fe/2 

0.000 ff/l 
0.287 ff/2 

0.000 m/1 
0.320 rdJ2 

0.000 p m 9 / 1  * 
0.850 @9/2 

0.000 u238/1 ; 
1.300 u238/2 * 

* 

E ;  i 
63. / *  
64. 
65. 
66. 
67. 
68. 
69. 
70. 

72. / 
73. / *  
74. 
75. 
76. 
77. / 

n. 

78. / 
79. / * * * * b l c & v i ( d t s )  * * * *  
80. /IDinficrmaticn.%@id 

-0412; 

***iila2kv(sdlver)**** 
ievt=l i sd -Oib r=O 

chi=O.6,0.4; 0.7, 0.3 
-1 -==ty-m 

* * * * 

* * * * * * * 

* * * * 

* * * * * * 

* * * 
* 

* * * * * * * * * * 

* * * * 
* 

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

* * * 

* 
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* casetit le 

* 
* * 
* 
* * * * * * * 

7 n i s o  
4 n t  
3nzcn? 

50 it 
3 +  

. . .-. . . 
UEdmk 14ooM) 
m3xscm 40000 
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* * * * * 
* 
* * * * * * * * 

* 
* g m q  dli -- 

1 0.00WowoO 
* * * * * * * 

* * * * 

l d l i  
3 

4 a k  2 
5 f i s s  1 

: E 3  4 

... k&r& hthzsrdlibrary. . .  
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* ... nixirgirshudicrs ... 
* * * * * * * * * * * * ~ * ~ * t * * t * m * f * m * * * * * * * * * m * *  ***m*r+*** 

* * * * * 

1. steel fe 
2. M p-239 
3. blkt U-238 
4. scdiun na-23 

*=.b * -  * 
* 1. -  fuel * 2.liEmkt blkt * 3.shie ld  sdirm 
****m****m***m**** 

5.ooooOE-02, a- 1.6oWOE-02, ni 1.00000E-02, 
5.10000E-03, U-238 1.55WOE42, -16 4.120003-02, 
2.06WOE-02, 0-16 4.120003-02, 
2.5ooo(IEM, 

* l v y s M & c a r d x s *  
****m*t***f*****m*** 
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* * 

. . .title.. . 

* 
* * * * * 

* * * * * 

* * * 
* 

0 o i s b  
0 0 ith 
0 1 i b l  

0 O j h K  

1.oOOE-M 
1.CO$IE-O4 

J. 
20 
20 
0 
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* * 

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

o.oooE+oo 0 . m  
0 . m  0.oOoEtM) 
1 . m  1.ooom 

0 0 
0 0 
0 0 
0 1 

fllxQ o m 2  ==m O N 2  
fissp O/l 
sancp o/mn 
FmP 0/1 

0/1 
raapc 0/1 
rlu€Lux 0/1 
talp 0/1 

* 

* * 
* * * 

...FarngerS h h l c c k i . . .  
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* * * 
* 

* * * * * 

* * * * 
*w-m 
* * Irr**m*nmm** 
* r * * v  

* r****mmmm** 
r 0. 40. 70. 100. oooo OMX) 0000 oooo 

* * ; 2 :  3 v  V 

1 laxe 2 M  3.5WOOOE-01 
2 laxe 4so3iun 4.00000OE-01 
3 laxe lsteel 2.50000oE-o1 
4 2 b h l k 3 h 1 1 6  3 .500OOOE-01 
5 2 b h l k  4so3iun 4 . 0 0 0 0 0 ~ 1  
6 2 b h l k  lsteel 2.5000ooE-01 
7 3shield 4scdiun 7.00000OE-01 
8 3shield lsteel 3.00000OE-01 

...m J-swmmt Imp... 

* * * * 

* * * 

* * * * * * 

* * * 

* * * * 

rn reflrn 
1 4  
2 6  
3 5  
4 
5 
6 

i 
3 
2 

li 
1 
2 
2 
1 
2 
2 

cl 

... m n r a 7 t S h d a l ~ ~  ... 

25-leVel sm?55nJccsn2 
1 -5.0837413-01 
2 -9.404323341 

n u - l e d  l d m i &  l€v2lccsine 
1 1.739274E-01 -8.6ll363E-01 
2 3.260726E-01 -3.399810&01 
3 3.260726E-01 3.39981oE-01 
4 1.739274EMl 8.61U63E01 
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* * 
t 

ZUY? dli m** tctal 
m. nm? 
1 am 6.000OE-01 1.6074E-02 1.2396E-01 6.167OE-03 
2 hlmkt 7.000OE-01 6.48903-03 1.2378E-01 3.4oo2E-03 
3 shield 7.0000E-01 O.OwoEt00 6.3710342 4.5740?%-04 

... sat- . 
(2l+l IKt izzZ-** 

2a-e arderfirstgrp aasssectiQLs 
* 1 0  1 9.27613-02 
* 2  0 1 9.45523-02 
* 3  0 1 6.8070342 

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

zLIy3 
1 
2 
3 

m. nm? 
1 am 4.0000E-01 8.56803-03 2.80llE-01 7.505OE-03 
2 hlmkt 3.000OE-01 0.oMX)EtoO 2.81893-01 3.935oE-03 
3 shield 3.0000E-01 O.OOO6AM) 1.85503-01 4.235oE-04 

0 2  
0 2  2.779sE-01 2.58253-02 
0 2  1.85083-01 1.5183342 

1 20 4 . m -  2.- o.om000Et00 
2 I5 3.wooMx)owo1 2.000MxMoEtoo 4.- 
3 I5 3.00000000W01 2.- 7 . o o o O W ~  

1 . O M X x ) O ~  
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* * 
* * * * * * 

* 
* * * * 

* * * * * 

e -- . m€Lw-Etiarre 0.95*- 
Fer- 

vdlue 

* * * * * * * * 

* 
* * * * * 

* * * 

0.10 0 
0.23 1 0 8 9.878803-01 2.7104E45 6.712UE-04 yes 
0.28 2 2 3 9.9348OE-01 4.57919EO3 8.75653E-02 %** 
0.3 3 2 2 9.934lOE-01 -6.255583-05 1.63735E-02 %* 

--iiteraticnsmraryfcumterite~timm. 4 -  

i terrernaxflrm at 
cac4Jmimd=?=-  

1 3 0.573-04 47 
2 2 0.87E-04 50 

$$$$$$ a l l  && satisfied $#$$$ 

t i r reader  k-eff wxphdse jrrrzs 
(sec) m. irrerssab-ams . lark&z-l *dEIrcF2uxxaxEd 
0.40 4 5 1 9- -2.96675E-06 1.478913-04 yes 
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* * * 

* 
* * * * * * * * 

1 O.ooO0000EtM) 6.02451093-01 1.1102woE-16 1.8227M8Ei00 4.9l57276E-01 

Mal 0.0000000Et00 1 . 0 0 ~  4.915n76E-01 4.14lM22EI-01 4.9157276E4 

2 O.OOO0000EtW 3.97548913-01 4.91572763-01 3.959567lEMl 7.1054214E-15 

9p prticleiRlarKe rightl€&a3? -1- mw3j=nl 
1 1.0871255E-01 -1.4088485E-07 2.1659566343 2.165956G-03 2.7579733E-01 
2 8.3207469E41 -2.6216064E-06 5.7049225342 5.7049225242 7.242MG7E-01 

Mal 9.4078723E-01 -1.61963483-06 5.9215182E-02 5.9215182E42 1 . o o O O o O ~  * * 
************************mm*++*H*r****t***********~*mm*m***-m***~ -**i*m**mm*m**m 
*******m*-*********************m+t*t* m+*mmn******m***tr 
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* * 

* * * * 

* 

* * * * 

* * * * 
* 

... kctIq5c €hx azlpxat... 

mpt 
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
3 . 8  
1 9  
1 10 

-pt 
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
1 10 

mpt 
4.7570343 1 ll 
4.7424343 1 12 
4.705lE-03 1 U 
4.64993-03 1 14 
4.5771E-03 1 15 
4.48743433 1 16 
4.38l3E-03 1 17 
4.2590343 1 18 
4.12m-03 1 19 
3.96823-03 1 20 

m 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

m 
1.2WE-03 2 
9.91613-04 2 
7.87663-04 2 
6.33013-04 2 
5.12543-04 2 
4.17053-04 3 
3.40483-04 3 
2.78QE-04 3 
2.28416-04 3 
1.87483-04 3 

% 
32 
33 
34 
35 
36 
37 
38 
39 
40 

-pt 
1.54033-04 3 41 
1.26653-04 3 42 
1.04203-04 3 43 
8.57623-05 3 44 
7.06033-05 3 45 
5.97433-05 3 46 
5.22m-05 3 47 
4.5QlE-05 3 48 
3.9842E-05 3 49 
3.47m-05 3 50 

a p t  
9.9952E-07 3 41 
8.2185E-07 3 42 
6.76153-07 3 43 
5.56513-07 3 44 
4.58153-07 3 45 
0.~0OEtoO 3 46 
o.ooooEtoo 3 47 
0 . o o ~ O  3 48 
o . o o m 0  3 49 
0 . 0 ~ 0  3 50 

1.6146E-03 
... fissia?rate... 

mpt 
7.6466345 1 ll 
7.62313-05 1 12 
7.5Q3E-05 1 U 
7.47453-05 1 14 
7.3575E-05 1 15 
7.2133E-05 1 16 
7 . 0 4 2 M  1 17 
6.846lE-05 1 18 
6.62463-05 1 19 
6.37873-05 1 20 

m 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

m 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 

% 
32 
33 
34 
35 
36 
37 
38 
39 
40 

* * 
* 

* * 

* 
* 

* * 
* * * * * 

m 
1.96973-02 2 
1.8855E-02 2 
1.79603-02 2 
1.702lEiO2 2 
1.6043E-02 2 
1.5033E-02 2 
1.4001E-02 2 
1.2955E-02 2 
1.m-02 2 
1.08613-02 2 

i?i 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Z a E  
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 

-pt 
3.31043-03 3 41 
2.95653-03 3 42 
2.W03-03 3 43 
2.36073-03 3 44 
2.1u8E-03 1.92863-03 3 3 45 46 

1.7890E-03 3 47 
1.65153-03 3 48 
1.51703-03 3 49 
1.38523-03 3 50 

Y-? 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
1 10 

mpt 
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
1 10 

mpt 
2.42583-02 1 ll 
2.41713-02 1 12 
2.39903-02 1 l3 
2.3726342 1 14 
2.33783-02 1 15 
2.2949342 1 16 
2.24413-02 1 17 
2.18583% 1 18 
2.12043-02 1 19 
2.0482Ea 1 20 

mpt 
2.0784E-04 1 ll 
2.07093-04 1 12 
2.0555E-04 1 I3 
2.03283-04 1 14 
2.003OE-04 1 15 
1.9662E-04 1 16 
1.92283-04 1 17 
1.87283-04 1 18 
1.81613-04 1 19 
1.75493-04 1 20 

...fissia ? rate... 

m 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

i?i 
22 
23 
24 
25 
26 
27 
28 
29 
30 

m 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 

mpt 
o.ooooEto0 3 41 
0.000oEeM) 3 42 
o . o o m 0  3 43 
0 . o o ~ O  3 44 
0 . 0 0 ~  3 45 
0.0000W00 3 46 
0.0000W00 3 47 
o.ooooEto0 3 48 
o.oooOEtoo 3 49 
o . o o m 0  3 50 

* 

* * * 

* * * 

* * * 

* * * 
* 
* * * 

m 
2.34983-02 2 
2.24743-02 2 
2.u&4E-o2 2 
2.02.363-02 2 
1.90363-02 2 
1.6509E-02 2 
1.51953-02 2 
1.3853E-02 2 
1.2482E-m 2 

i.nm-02 2 

% 
22 
23 
24 
25 
26 
27 
28 
29 
30 

m 
1.11283-02 2 
9.892lE-03 2 
8.80483-03 2 
7.8399E-03 2 
6.9803E-03 2 
6.2l363-03 3 
5.52983-03 3 
4.92013-03 3 
4.37713-03 3 
3.89393-03 3 

% 
32 
33 
34 
35 
36 
37 
38 
39 
40 

-pt 
3.4644E-03 3 41 
3.08323-03 3 42 
2.74vE-03 3 43 
2.44643-03 3 44 
2.18443-03 3 45 
1.9883E-03 3 46 
1.84uE-03 3 47 
1.6971E-03 3 48 
1.55683-03 3 49 
1.4205Ei03 3 50 

-pt 
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
1 10 

-pt 
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
1 10 

-pt 
2.90153432 1 ll 
2.89UE-02 1 12 
2.86963-02 1 U 
2.83763-02 1 14 
2.7955E-02 1 15 
2.74363-02 1 16 
2.6822E-02 1 17 
2.6Ylm-02 1 18 
2.5325E-02 1 19 
2.445m-02 1 20 

1.288lB03 
1.15953-03 
1.0344EX3 
9.1272Ei04 
7.94UE-04 
6.7829Ei04 
5.64703-04 
4.52383-04 
3.39373-04 
2.2uoE-04 

...fissicnsancerate... 

m 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

i?i 
22 
23 
24 
25 
26 
27 
28 
29 
30 

m 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 

% 
32 
33 
34 
35 
36 
37 
38 
39 
40 

mpt 
2.843lE-04 1 11 
2.83323-04 1 12 
2.8ll83-04 1 U 
2.7803E-04 1 14 
2.7388E-04 1 15 
2.68763-04 1 16 
2.Q703-04 1 17 
2.5574E-04 1 18 
2.479Z-04 1 19 
2.3927E-04 1 20 

mpt 
9.9952E-07 3 41 
8.21853-07 3 42 
6.7615E-w 3 43 
5.5651347 3 44 
4.58153-07 3 45 
O.OOOOEto0 3 46 
0.ooooEtoo 3 47 
o . o o m 0  3 48 
0.OMXIWOO 3 49 
o.ooooEeoo 3 50 

* 
... , - file-wKittm... 

... irherhce filertfluKwcittm... 
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* * * 
........................... 

:***: 
* * * * * 
* * 

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

. .  mhlgm&k 

****m**ht******H**f*f*********** * 

q a t i m i r g h i s t c r r y  

54n sm lan lan cpl S y s i o *  
: m e  wx& ljrnit wxds  l in r i t sxdssgcrds :  
* o  0 0 0 0 3.0 0.0 : * 100 3706 40000 0 0 2.2 0.0 * 101 0 0 0 0 0.8 0.0 
102 1038 4oooO 5 140000 0.1 0.0 * * 103 50 4oooo 0 0 0.0 0.0 * 104 2M4 4oooO 0 0 0.1 0.0 * 105 0 0 0 0 0.0 0.0 * * 106 0 0 0 0 0.0 0.0 * * 107 215 40000 92 140000 0.1 0.0 * * 108 470 40000 7 140000 0.0 0.0 * * 109 0 0 0 0 0.0 0.0 * 

**m***rn******************ti+***mmm*tmt+t 

- _ _ _ _ _ _ - - -  
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Sample Problem 2 is an edit calculation for the problem specified in the first sample 
problem. The edits are performed using the scalar fluxes produced during the execution 
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 first 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 ZNAmN (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 first entry on 
each such card-image. Also provided on the first page are a summary of the Title 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 “pointyy 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 page2-21 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 IGRF’ED 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 page2-90 is provided the desired edit output, or reaction rates, for the material 
“FUEL,” (U,Pu)O2, 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 paie 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 STORAGEKMING 
HISTORY for this sample problem. 
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* 

* 
* 
* 
.c 

* 

* 

mfiars 140000 
naxscm 40000 
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* * * * * * * * * * * * 
* 
* * * 
* * * * * * * * 
* * * * 
* * * 

:s 
0 ajd 

0.- 
2.1- m3pX 

* * * * * 

* * * * * * * * * * 
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****m********mt* * * * 
* 
* 

* 
******mm***m****f* 

reacticnratg ; 

...pant % 3 i t f c r t b e s u n o f t b e r r u t r c n ~  ... 

... ... * * * * * * 

* * 

* * * * * * * 

* * * * 

* * * * * * * 

* * * * 

* 
* * * * * 

Feint 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
46 
47 
48 
49 
50 

pant 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
46 
47 
48 
49 
M 

1.oooO 
3.0000 
5.0000 
7.0000 
9 . m  
ll.oooO 
13.0000 
15.0000 
17.0000 
19.0000 
91.0oW 
93.m 
95.0000 
97.oooo 
99. WOO 

8.123llE-04 
8.09497E-M 
8.033803-04 
7.94363344 
7 . 8 2 5 0 M  

7.50577E-04 
7.30695E-04 
7.0834lE-04 
6.83642!3-04 
1.69EJE-05 
1.40864E-05 
1.129223-05 
8.483763-06 
5.552693-06 

7.67mmo4 

2.661613-04 
2.65237E-04 
2.63234E-04 
2.60282Fd4 
2.56396E-04 
2.516113-04 
2.459473-04 
2.39436E-04 
2.321203-04 
2.240353-04 
5.624513-06 
4.683603-06 
3.75422E-06 
2.819973-06 
1.844783-06 

... .. -- ... 
avnd 

1.0000 
3 . m  
5.0000 
7 . m  
9 . W  
ll . 0000 
13.0000 
15.OoW 
17.0000 
19.0000 
91.0000 
93.0000 
95.0000 
97.0000 
9 9 . m  

2.843093-04 
2.833243-04 
2.8ll833-04 
2.78027E-04 

2.68757E-04 
2.62702E-04 
2.55743E-04 
2.479193-04 
2.39275344 
0.00ooowoo 
o.ooooowo0 
o.ooooowoo 
o.ooooowoo 
0.00ooowoo 

2.73815344 

fiss 

9.31563505 
9.28330E-05 
9.2l319E-05 
9.109873-05 
8.973933-05 
8.80636E-05 
8.60814345 
8.38033E-05 
8.124213-05 
7.841243-05 o.owoowoo 
0.000oowoo 
0.0000owM) 
o.oooooE+oo 
0.000oowo0 

15.02EE+O3 2.76-0 9.07853E-Ol 
2 1.0361Eto4 1.3869OE40 4.58664E-01 
3 1.6022Et04 4.04085E-01 1.34306S-01 --- 

sun 3 . 1 4 l W  4.5597EMO 1.50083EMO 

... I€si&nt-k ... 
Z a E  valule &gf fiss 

* 15.02EE+O3 9.690533-01 3.177513-01 
2 1.0367Ei.04 2.43492EO2 8.ll6393-03 
3 1.6- O.ooOM)E+oo O.OooM)woO 

sun 3.141- 9.93402E-01 3.258673-01 
ffmtrl*ftf*hhhhhhhhh*m-*****mt***************-******-*m***M******** 

--- 
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* 
* * 
* * * * * 
* * 
* 
* * * * 
* * * * * * * 
* * * * 
* * 
* * * 
* * 
* * 
* * * 
* 
* * * * 
* * 
* * * 

* * * 

* 
* * * 

... pintedit fcnr tksmof  tkI-artrolgraPs ... 

... d b x n t a  6 -~-239 ... 
pint avr;d rusisf fiss 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
46 
47 
48 
49 
50 

1.0000 
3.oooo 
5.0000 
7.0000 
9.0000 
11.0000 
u.0000 
E.oo00 
17.oooO 
19.m 
91.0000 
93.m 
95.m 
97.m 
99.m 

... d m  7 -u-238 ... 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
46 
47 
48 
49 
50 

LOOM) 
3 . m  
5.oooo 
7.oooo 
9.oooo 
ll.OOOO 
moo00 
15.m 
17.oooO 
19.m 
91.m 
93.m 
95.m 
97.oooO 
99.ww 

2.32259E-05 
2.31546E-05 
2.297283-05 
2.27031345 
2.23478E-05 
2.19100345 
2.U915E-05 
2.07947E-05 
2.012173-05 
1.93749345 
0.OM)M)EIOO 
0 . m o  
o.ooooowoo 
0 . m 0  
o.oooooEioo 

fiss 

... mdt f o r t k s m o f  t k I - a r t r o l m  ... 

... d m a  6 -pi439 ... 
m m l U n 2  Nsisf fiss 

15.026SEi.03 8.9323oE-01 2.92476341 
21.036Iwo4 o.ooo00Et00 o.OOom0 
3 1.6M2Eto4 O . ~ W E i Q O  O.OWXBO0 ~ - -  

sm 3.14163104 8.9323OE-01 2.92476E-01 

... d b x n t a  7 -u238 ... 

15.026SEi.03 7.58U8E42 2.52743342 
21.03- 2.4349Z-02 8.ll639E-03 
3 1.60223104 0.00000W00 0.OOMx)EtoO 
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* 
m - m * m m *  
* ~ S t a r t m h i g h x g h b  * 
fm**m*t*t**f** * * 
* * * * * * 
* * * * * * * 

* * * * * * * 

* * * 

* o  * 100 
102 * 103 * 104 * 105 * 106 * 107 * 108 
109 
300 
301 
302 

; io1 

22% 

0 0  
3706 40000 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

3722 40000 
0 0  

1208 40000 
0 0  
0 0  

.m*****mfnH*tl 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

289 
0 
0 +*** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

140000 
0 
0 

**m 

1.3 0.0 
1.0 0.0 
0.6 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 * 
0.1 0.0 * 
0.4 0.0 * 
0.2 0.0 * 
0.0 0.0 * 
0.0 0.0 * 

bhhhhhm**mm*** 

2-92 ONEDANT USER’S GUIDE Version 3.0 



APPENDIX B: OP-G SYSTEM SPECIFICS UNWUNICOS Execution 

APPENDIX B: OPERATING SYSTEM SPECIFICS 

On UNM 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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BXSLIB 

ODNTNI? 

MACBCD 

XSLIBB 

MENDP 

MENDFG~ 

XSLIB 

Librarv Search Path 

~ 

SNXSPATH, then CWD, but see text below. 

None, the library is contained in the input file. 

CWD 

CWD 

Path defined in the code on UNICOS. MENDF binaries 
are unavailable for SUN. 

SNXSPATH, then CWD 

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 

SEARCH PATH 
1 

MACRXS I Current Working Directory (CWD). 

GRUPXS I SNXSPATH, then CWD. 

ISOTXS 1 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 2-38. 
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Los Alamos National Laboratory is operated by the University of California for the 
United States D e p m e n t  of Energy under contract W-7405-ENG-36. 

An Affirmative Action/Equal Opportunity Employer 

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 product, 
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 

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 

It is a two-dimensional version of the one-dimensional code, ONEDANT? 

TWODANTTM is based on the modular construction of the DANTSYSTM 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 TWODANT code is simply the DANTSYS code systempackage 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, or surface source boundary condition 
options, 

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

DANTSYS and TWODANT are trademarhs of the Regents of the University of California, 
Los Alamos National Laboratory. 
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9. “diamond-differencing” for solution of the transport equation, 

10. a diffusion solver that uses the multigrid method: 

11. user flexibility in using either text or sequential file input, 

12. a Monte Carlo/discrete-ordinates (MC/S,) option for solving all or part of the 
problem geometry using Monte Carlo: 

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

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

15. extensive, user-oriented error and warning diagnostics. 

3-12 
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DOCUMENTATION FOR TWODANT USAGE What Is In This User’s Guide 

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. 

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

Next is a “mini-manualy7 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, 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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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 c‘FKEE FlELD 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 LIBRARIES7 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 c “ E F U L  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 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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TWODANT INPUT OVERVIEW 

The full TWODANT 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-IIl 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. 

E a text cross-section library is to be included in the input deck, it should be placed 
between Blocks IlI and IV. TWODANT 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 diagrammed on the following page. 

TWODANT USER'S GUIDE Version 3.0 3-17 



TWODANTINPUTOVERVIEW Input Block Order 

Title Line Count 1 
Title Line(s) 1 

Block-I 
(Controls and Dims) 

T 

Block-II 
(Geometry) 

Block-III . (Nuclear Data) 
T 

Text cross sections 
(optional) 

Block-V 
(Solver Input) 

T 

/ Block-VI 
(Edit Input) . 

Figure 3.1 TWODANT Input Order 
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Free Field Input Summary 

The chapter "FREE mELD 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 TWODANT; 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: 

somcx= 0 0 0 1.1 1.1 0 0 0 0 0 

The above input would enter source values of zero for the first three intervals, 1.1 for the 
next 2 intervals, and then fU 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, 1E1,lO.O 

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 con 
ing a decimal point will be truncated. 

ain- 

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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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. 

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. 

Comments 

A slash (0 may be used to enter comments in the input stream. After a slash is read, no 
further processing of that card-image is done. 

ODerators 

Several data operators are available to simplify the input. 

The data operators are specified in the general form 

n O  d 

where: 

n is the “data numerator,” either an integer or a blank; 
0 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= 0 0 0 2R 1.1 FO 

Note that the operators for mD0-like repeat and fill were used and were appended 
directly to the data numerator. In general, all the FlD0lo 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 
~~~ 

Operatop Functionality 

nRd 
nId 

nC d 
F d  

nY m 
nLd 

nz 
nS 
nQ m 
nG m 

nNm 

nMm 

nx 

REPEAT the data item d, n times. 
INTERPOLATE (linear) n data items between data item d and the next 
data item. 
SCALE (multiply) the n previous entries by d. 
FILL the rest of the data string with the data item d. 
STRING REPEAT. Repeat the previous m strings, n times. 
INTERPOLATE LOGARITHMICALLY n data items between d and 
the next d. 
ZERO. Enter the value zero n successive times. 
SKIP. Skip the next n data items. 
SEQUENCE REPEAT. Enter the last m entries, n more times. 
SEQUENCE REPEAT WrrH SIGN CHANGE. Same as the Q option 
but the sign of the m entries is changed every repeat. 
SEQUENCE REPEAT INVERT. Same as the Q option but the order of 
the m entries is inverted each repeat. 
SEQUENCE REPEAT INVERT WITH SIGN CHANGE. Same as N 
option but the sign is also changed every repeat. 
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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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 p,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 Po source 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, laowing JT, 
deduces what NMQ must have been. 
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Title Line Control 
(316 Format) 
NHEAD,NOTTY,NOLIST 

/ Block-1:Controls & Dimensions 

IGEOM 
NGROUP 
ISN 
NISO 
MT 
NZONE 
IM 
IT 
JM 
JT 

MAXLCM 
MAXSCM 

MINIPRT 

NOSOLV 
NOEDIT 

NOGEOD 
NOMIX 
NOASG 
NOMACR 
NOSLNP 
NOEDTT 
NOADJM 

T 

Block-II:Geometry / 
XMESH [IM+1] 
YMESH [JM+l] 

ZONES [IM;JM] 

T 
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Block-III: Cross Sections 

LIB 
valid ODNINP 

XSLJB 
Isoms 
GRUPXS 
BxsLlB 
MACRXS 
MACBCD 
XSLJBB 
(l0cal)MENDF 
(l0cal)MENDFG 
alternate XSLIB name 

WRTTMXS 
valid MACBCD 

XSLIBB 
XSLIBF 
XSLIBE 

LNG 
BALXS 
NTICHI 
CHIVEC WGROUP] 
LIBNAME 

Rest of  this block is needed only for text 
libraries. 

MAXORD 
IHM 
IHT 
IHS 
lFID0 
m 
I2LP1 
SAVBXS 
KWIKRD (default: 1) 
NAMES [NISO] 

NTPI [NISO] 
VEL mGROUP] 
EBOUND [NGROUP+l] 

E D N M  [IHT-31 

Block-TV: Mixing, 
/ 

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

PREMIX [-;-I 

ASGMOD [-;-I 
CMOD 

MATNAM IjVIT] 
ZONNAM pJZONE] 
MATSPEC [-] 
valid ATRAC 

WTFRQC 
ATDEN 

A .  1-1 

T 

T 

IEVT 
ISCT 
ITH 
IBL 
IBR 
IBT 
IBB 

EPSI 
IITL 
IITM 
OITM 
ITLIM 
NOSIGF 

KCALC 

iff LIB= ODNINF', insert 
ASCII text cross sections here 
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Solver (continued) 

--- Output Controls --- 

FLUXP 
XSECTP 
FISSW 
SOURCP 
ANGP 
BALP 
RAFLUX 
RMFLUX 

ASRITE 
ASBOTT 
ASTOP 
ASLEFT 

--- Miscellaneous --- 

TRCOR 
valid DUG 

BHS 
CESARO 
NO 

NORM 
BHGT 

CHI [NGROUP;M] 

DEN [ITJT] 

DENX [IT], DENY[JT] 
-or- 

WDAMP [NGROUP] 

Solver (continued) 

GRPSN [NGROUP] 
IQUAD 
WGT [MM] 
Mu CMMI 
ETA CMMI 

--- Flux Guess ------ 

INFLUX 

IPVT 
PV 
EV 
EVM 
XLAL 
XLAH 
XLAX 
POD 
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Solver (continued) 

----Volumetric Source---- 

INSORS 

SOURCE [NGROuP,NMQ] 
-or- 
SOURCX p,NMQl and 
SOURCY [JT;NMQ] 
-or- 
SOURCE [NGROuP,NMQ] and 
SOURCX [rr;NMQl and 
SOURCY [JT;NMQl 
-or- 
SOURCF [IT;JT*NGROUP*NMQI 
-or- 
SOURCE pGROuP,NMQ] and 
SOURCF p,JT*NMQl 

----Boundary Source----- 

SILEFT [NGROuP,JT] 
SIRITE [NGROUP;JT] 
SIBO'IT [NGROUP;IT] 
SITOP [NGROuP,IT] 
-or- 

S m  m*2;NGROUP*JT] 
SARITE m*2;NGROUP*JT] 
SABOTT m*2;NGROUP*ITl 
SATOP m*2;NGROUP*IT] 
-or- 

BSLFTG [NGROUP] 
BSLFTY [JT] 
BSLFTA m * 2 ]  

BSRITG [NGROUP] 
BSRlTY [JT] 
BSRITA m * 2 ]  

BSBOTG [NGROUP] 
BSBOTX [rr] 
BSBOTA m * 2 ]  

BSTOPG [NGROUP] 
BSTOPX [rr] 
BSTOPA m * 2 ]  

/ Solver (continued) 

---- First Collision Source ---- 

FCSRC 
V a l i d  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 W;JM] 
MCEGIMP [NGROUP] 
MCLVlMP [TSN/2] 

---- Monte Carlo Sources ---- 

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

T 
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/ Block-VI: EDIT 

PTED 
ZNED 

POINTS [K], e * J T  
EDZONE [IT;JT] 

EDXS E], -DT 
RESDNT 
EDISOS E], K & S O  
EDCONS [K], -SO 
EDMATS [K], e T  
XDFi m1 
YDF [JTI 

RSFE [NGROUP;-] 
RSFK my-] 
RSFY [JZ-] 
RSFNAM [-I 

ICOLL [K], -GROUP 
IGRPED 

MICSUM [-3 
IRSUMS [-I 

MASSED 

POWER 
MEWER 

m u x  
RZM.FLX 
EDOUTF 
BWOLP 
AJED 
FLUXONE 

T 
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TWODANT INPUT DETAILS 

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 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. 

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 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 ‘‘MINI- 
MANUAL Introduction” on page 3-22. 

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 
TWODANT input may find it helpful 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 may be entered 
for an array. You will frequently find switches where the input is the digit 0 or the 
digit 1. This will be represented by 01’1 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 MA” 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! 

2 

3 

NOTI'Y 

NOLIST 

Suppress output to on-line 
tenninal? 
0/1 = no/yes. 
Suppress listing of a l l  ASCII 

O/I = no/yes. (default-0) 
input? 

user 

text 

a. WARNJNG! Note that this first line is in fixed format. 
b. Follow this control line with =AD title lines containing descriptive comments. 

Each title line may contain up to 72 characters. 
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Dimensions 
{Required} 

Name Comments 

IGEOM Geometry. 6/7/11 = x-ylr-dr-theta 
or use one of the following character strings: 

X-I: R-2, R-THETA 
NGROUP Number of energy groups. 
ISN 

MSO 
MT 
NZONE 
IM 
IT 
JM 
JT 

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). 
Number of isotopes on the basic input cross-section library. 
Number of materialsa in the problem (mixed from the isotopes). 
Number of geometric zonesb in problem. 
Number of coarse mesh intervals‘ in the x (or r) direction. 
Total number of fine mesh intervalsd in the x (or r) direction. 
Number of coarse mesh intervals in the y (or z) (or theta) direction. 
Total number of fine mesh intervals in the y (or z) 
direction. 

(or theta) 

a. Material is defined on page 3-44. 
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. 

Storage Requirements 
{Optional} 

Name Comments 

MAXSCM 
MAXLCM 

Length of SCM desired (default=4000010) 
Length of LCM desired (default=l4000010) 
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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 “PIECEWISE EXECUTION” on page 13-19. 

Minimum Print Output 
{Optional} 

Name Comments 
~ ~~~~ 

MINIPRT Provide a shortened output print file? O/I = no/yesb 

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 k s t  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 h4lMPRT 
input. The ED?T module also works as before; MtNIE’RT has no effect on its output. 

b. You may also use the words no or yes as an entry. 
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n 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. O/l  = no/yes. 
Suppress writing GEODST file even though the geometry input 
(Block-II) may be present. O/I = 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 may be present. O/l  = no/yes. 
Suppress writing the MACRXS file even though both Block-III 
and Block-IV may be present. O/l = 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. O/I = no/yes. 

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

Geometry Arraysa 
(Required} 

Name Comments 

ZONES pM;w 

x (or r) coordinates of coarse mesh edges. 
y (or z) (or thetab) coordinates of coarse mesh edges. 
Number of fine meshes in each coarse x (or r) mesh. 
Number of fine meshes in each coarse y (or z) (or theta) 
mesh. 

Zone number‘ 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. Defmitions 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 units on page 3- 
3 1. The information entered in this block is written to the CCCC standard interface file GEODST. 

b. The units of theta are revolutions. 
c. 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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Nuclear Data Type and Options 
{Required} 

Name Comments 

LIB 

WRITMXS 
{optional) 

Namea and form of the cross-section data file. 
Enter as a data item one of the following words: 
Word 
IS0TxSb 

XSLlB 

ODNINP 

GRUPXF 
BXSLIB 

M A C H 9  

XSLIBB 

MACBCD 
MENDF 

MENDFG 

other 

Description 
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 BXSLlB file)” on page 10-12. 
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. 
See “XSLIBB Card-Image Library File” on page 
10-12. 
ASCII form of MACRXS file. 
(LANL only) See “The Los Alamos MENDF5 
Cross-Section Library” on page 10-13. 
&ANL only) See “The Los Alamos MENDF5G 
Gamma Cross-Section Library” on page 10-14. 
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 files? 
- -  Enter one of the following wlbrds: 
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Nuclear Data Type and Options (Cont.) 
{Required} 

Name Comments 
Word Description 

LNG 
{optional} 
BALXS 
{optional} 

NTICHI 
{optional} 

CHIVEC 
WGROUP] 
{optional} 

MACBCD 

XSLIBB 

XSLIBE 

XSLIBF 

Creates the cross-section file named MACBCD, 
an ASCII image of the MACRXS binary file. 
Creates the cross-section file named XSLIBB, an 
ASCII image of the BXSLIB binary file. 
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 o O = O ) .  
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). 

Number of the last neutron group in a coupled neutron-photon 
library. Used only to separate neutrons from gammas in the edits. 
Cross-section balance control. Enter one of the following values: 
WARNING See page 10-21 before using! 

Value 
-I 

0 

Description 
balance cross sections by adjusting absorption 
cross section. 
do not balance cross sections. (default) 

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

MENDF fission fraction to be used for the problem (LANL only). 
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. 
Chi vector (fission fraction born into each group). Used for every 
isotope. Will be overridden by any zone dependent CHI input in 
Block-V. 

a. On UNM systems, the user may specify a search path for some of these files using the environment 
variable SNXSPATH. See ‘Zibrary Search Path” on page 3-124 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 ovemde by setting I2LP1=1. See “Text Cross-Section Library Format” on page3-41. 
TWODANT 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 MACRXS 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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LIB 

MACRXS 

GRUPXS 

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. 

LIBNAME 
AVAILABLE? 

No 

Yes 

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 3.1. 

other Ignored 

I ISOTXS I Yes I 
I I BXSLIB I Yes 

(MACBCD I No I 
IXSLIBB I No I 
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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 

W O R D  
MM 

IHT 
IHS 
{optional} 
IFIDO 
{optional} 

ITlTL 
{optional} 
I2LP1 
{optional} 

SAVBXS 
{optional} 

KWIJSRD 
{optional} 

NAMES WSO] 
{optional} 

EDNAME Iprr-31 
{optional} 

NTPI WSO] 
{optional} 

VEL @GROUP] 
{optional} 

EBOUND [NGROUP+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(4ElS)/Los Alamos(6E12)/fixed- 
field FIDO/free-field. 
A title line precedes each table. 0/1 = no/yes 

Higher order scattering cross sections on the library 
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. 
Save the binary form of the ASCII text library 
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 
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: ISO1, 
IS02, . . . 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: EDITl, 
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 boundaries for each group. 
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ASCII text ligkies may be entered in one of the four forms indicated by the IFID0 
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 h s  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 ANISN’O 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 T in the character position. No array identifier should be used. This format also 
restricts the usable input operators to T, *, R, -, +, and 2. 

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

values from expressions of the form: Zg = Nioi, for each group, g. The user's job 

is to input the Ni for al l  the k components of the mixture and to spec* each component, 
i. Component i has the cross section, qg. h common usage, for the first level of mix- 
ing, q g  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 mix- 
ing, 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 Zg is for that level. A more complete discussion of mixing will be found in 
the chapter "MATERIAL MIXING TUTOR7AL" starting on page 11-1. 

k 

i = l  

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 [-$IT] Instructions for mixing “isotopes” or premixes into 
“materials.” See details below. 

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

PREMlx [-;-I 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 

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

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-E. 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-E. 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 inmt array 

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

MAILS= matl comp, den,, comp2 den2, ... etc .... ; 
where mat, 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,, den2, and so on. Additional materials (Le., 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 PREMlx 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= 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: 

MAILS= mat1 compl; mat2 comp2 den,; ... etc .... ; 

ASSIGN innut arrav 

The general form of the ASSIGN instruction is shown below: 

ASSIGN= zone] mat1 voll, mat2 vol2, ... 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, ~ 0 1 2 ,  and so on. Additional zones (Le., 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= IMAZZS 

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=MATLS can not be used if you intend to use the 

ASGMOD input array described later in this section. 

PREMIX innut 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 den,, ... etc .... ; 
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where tmatl is the character name of the first material and comp1, com.2, and so on are 
the character names of its components which have “densities” of, respectively, den,, 
den2, and so on. Additional temporary materials (i.e., tmat2, tmat3, and so on) may be 
defined in subsequent strings. A component may be either an isotope from the library or 
another temporary material created by PREMIX. 

The PREMM. 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 MENDFS Cross-Section Library” on 
page 10-13. 

Mixing Array for a Concentration Search 
(Optional} 

Name Description 

ASGMODa [-;-I C1 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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ASGMOD input 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. 

C,(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 mat, vol,, mat, vol,, ... etc .... ; 
where zone is the character name of any zone in the problem, mat,, mat,, and so on are 
the character names of any of the materials that will be present in this zone, and vol,, 
vol,, and so on are the C1 values for respectively, mat,, mat,, and so on. Additional 
zones may be specified in subsequent stsings. 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. 

I’  
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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 may be 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 

FMMM Read the composition of each fine mesh from the file 
LNK3DNT. O/I = no/yes. 

a. x-y geometry 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 FIT] 

ZONNAM BZONE] 

MATSPEC [SMT] 

ATWT [SfWISO] 
{required } 

Character material names for Materials. Used only if 
the mat1 name used in the M A W  array was integer. 
First entry in MAINAM 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, 
and/or weight fractions. 
Allowable entries are the words: 

ATDENS (default) atomic densities 
ATFRAC atomic fractions 
WFRAC 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. I€ using 
MATSPEC=ATFRAC or WTFRAC, atomic weights 
must be available to the code. Entries for the ATWT 
array are made in pairs, as follows: 

ATWT= is01 atwt, is02 atwt2 .... 
where iso, is the isotope name (identifier) for isotope n 
on the cross-section library and atwt, is that isotope’s 
atomic weight. 
[See “Using Atomic Fractions or Weight Fractions 
(MATSPEC)” on page 11-13]. 

a. ATFRAC and WTFFWC cannot be used with PREMIX. 
b. Required iff MATSPEC=AERAC or WTFR4C and atomic weights are not available from the input 

library. 
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Desired Calculation 

Name Comments 

IEVT Calculation type: Enter one of the following values: 
Value Calculation Desired 

0 inhomogeneous source (default). 

2 a (time absorption) search. 
3 concentration search. 
4 dimension search. 

I keff. 

ISCT Legendre order of scattering (default = 0). 
ITH O/I = direct/adjoint calculation (default = 0). 
IBL Left boundary conditiona. O/I/2/3 = vacuum/reflective/periodic/ 

white (default = vacuum). 
IBR Right boundary condition. O/I/2/3 = vacuum/reflective/periodic/ 

white (default = vacuum). 
IBT Top boundary condition. O/I/2/3 = vacuum/reflective/periodic/white 

(default = vacuum). 
IBB Bottom boundary condition. O/I/2/3 = vacuum/reflective/periodic/ 

white (default = vacuum). 

a. The left boundary condition applies only for x,y geometry. 
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Iteration Controls 
f 

II Name Comments 

EPSI Convergence precision (default=0.0001). 
IITL 
IITM 

OITM 
ITLIM 
NOSIGFa 

Maximum number of inner iterations per group at first (default=l). 
Maximum number of inners allowed when fission source is near 
convergence (default chosen by code). 
Maximum number of outer iterations (default=20). 
Number of seconds time limit (default=unlimited). 
Inhibit fission multiplication in a fixed source problem. 
O/I = no/yes. 

a. The situation envisioned by this option is that a fission problem has previously been run in which case 
a FMSRC file will have been automatically written. That FMSRC file will contain the pointwise 
source given by ( l/kefl) xg@ where Q> 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 such as changes in the shield 
design of a nuclear reactor. 

Acceleration Controls 

Name Comments 

upscatter accelerationa. O/I = no/yesb. GREYACC 

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 
XSECTP 
FISSRP 
SOURCP 
ANGP 

BALP 

RAmLUX 
RMFLUX 
ASRITE 

ASBOTT 

ASTOP 

ASLEFT 

Final flux print. 0/1/2 = no/isotropic/all moments. 
Cross-section print. 0/1/2 = no/principal/all . 
Fission source rate print. 01’1 = no/yes. 
Source print. 0/1/2/3 = no/as input/normalized/both . 
Print the angular flux. 0/1 = no/yes. CAUTION! this is very LARGE 
output. ANGP=1 will also cause the RAFLm or &WLm file to 
be written. 
Coarse Mesh Interval Print Options. Enter one of the following 
values: 
Value DescriDtion 

0 None 
1 
2 
3 

Print coarse mesh balance tables only. 
Print coarse mesh negative flux fixup monitor only. 
Print both balance tables and flux fixup monitor. 

Prepare angular flux file (RAFLUX or m U X ) .  O/l = no/yes. 
Prepare flux moments file (RMF’LUX or AMFLUX). 0/1 = no/yes. 
O/i = No/Write right-going angular boundary flux from column i to 
file ARBFLUX? The value of i must be between 1 and IT+L 
O/j = NoMrite down-going angular boundary flux from row j to file 
ARBFLUX. The value of j must be between 1 and JT+l. 
O/j = No/Write up-going angular boundary flux from row j to file 
ARBFlLux. The value of j must be between 1 and JT+l. 
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 an AS= write may be 
used as a SALEFT source for a subsequent run by replacing the appropriate header card in the ARB- 
FLUXfile with “SALEFI’=.” 
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Miscellaneous Solver Input 
{ 0 pt i o n a I} 

Name Comments 

I’RCOR 

NORM 

BHGT 

CHI mGROUP;M] 

DEN VXJT] 
or 

DENX UTIc 

DENY [JT] 
and/or 

WDAMP mGROUP] 

Apply transport correctiona 
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 

to cross sections on 

(or omit entry) Use no correction. 

Normalize the fission source rate to this value when 
EvTrl or normalize the inhomogeneous source rate 
to this value when JEVT=O. NORM=O means no 
normalization. (Integral of source rate over all angle, 
space, and energy = N O M ,  except for kdproblems 
where the integral is equal to NOM*k, ). Any fluxes 

consistently with this source rate. 
printed by setting FXUXP nonzero will % e normalized 

Buckling height to use to correct for leakage. Units are 
centimeters if macroscopic cross section is in cm-l. 
Ignore if r-z. 
Fission fraction born into each group! Enter by zone 
up to M zones. Succeeding zones @.e., zones M+1 
through NZONE) will use the CHI values from zone M. 
Density factor to use at each fine mesh point. Applied 
to the zone macroscopic cross sections at each mesh 
interval. 
Density factor to use at each fine x-mesh (or r-mesh) 
(default=l). 
Density factor to use at each fine y-mesh (or z-mesh) 
(or theta-mesh) (default=l). 
Flags to activate adaptive weighted diamond 
differencing (AWDD)l’ for each group. O.O/W = no/ 
activate AWDD with parameter W? E 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 CHI from earlier blocks or from any cross-section library which 

contains CHI. 

TWODANT USER’S GUIDE Version 3.0 3-53 



?WODANTINPUTDETAILS Block-V Details: Solver Input 

c. In this secof;a form, the density factor DEN(ij), at mesh interval (ij) is computed as follows: 

d. Recommend 1.0 e W e 4.0 for shielding applications. 
DEN(ij) = DENX(i)*DENY(j) 

Quadrature Details 

Name Description 

Sn order to be used for each group. GRPSN [NGROUP] 

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

-3 Get constants from SNCONS file. 
-2 

I 

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. 
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. 9 for details. 

Quadrature weights. 

Mu cosines. 

Eta cosines. 

W G P  Wb] 
{optional} 
Mw?m 
{optional} 

ETA m 
{optional} 

a Presence of the WGT, MU, and ETA arrays overrides the IQUAD input. 
b. MM=ISN*(ISN+2)/8 for IQUAD = -2,l. 

h4M = (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? 01'1 = no/yes. 

If I T H = 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=1 and ISCDO, 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 
{ IEVT >I} 

Name Comments 

IPVT Type of eigenvalue to search for in a concentration or dimension 
search. O/lE = none / k ~ /  a. (default = 1). 

I( pv 
Value of keE or a to which to search. (default = 1.0 if P V T = l , O . O  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). 
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 = lO*EPSI). 

XLAL 
XLM 
XLAX 

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

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 IPM] 
YM [JMI 

x-dimension fractional change per coarse mesh (or r). 
y-dimension fractional change per coarse mesh (or z) (or theta). 

I I 1  

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: 

XMESHi,, = XMES€+ + {XMESHi+l-XMESHi} * [l.O+EV*XMi], i=l, . . . ,IM 
YMESHj+l= YMESHj + {YMESHj+l-YMESHj} * [l.O+EV*YMj], j=1, . . . ,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 3-47. 
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Volumetric Source Options 
{Optional} 

Name Comments 

INSORS Read source from interface file FMSRC. 
O/l = no/yes. 

----- For a text-input source, choose one of the following options: 
Option 1: 
SOURCE [NGROUP; NMQ] 

Option 2: 
SOURCX P,NMQlb 

SOURCY [JT;NMQI 

Option 3: 
SOURCE CNGROUP; NMQI 

SOURCX p;NMQI 

SOURCY [JT;NMQ] 

Option 4: 
SOURCF F;JT*NGROUP*NMQ] 

Option 5: 
SOURCE WGROUP; NMQI 
SOURCF IJT; JT*NMQ] 

Source spectrum for each of NMQa 
moments. (Spatial distribution is assumed 
to be flat with value unity). 
(input both arrays) 
x (or r) spatial distribution for each 
moment. 
y (or z, or theta) spatial distribution for 
each moment. 
(Spectrum is assumed to be flat with value 

(input all three arrays) 
Source spectrum. 

UnitV) 

x (or r) spatial distribution for each 
moment. 
y (or z, or theta) spatial distribution for 
each moment. 

Spatial distribution for each row, group, 
and moment. 
(input both arrays) 
Source spectrum. 
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 P,, 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(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(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. 
SILEFT [NGROUP;JT] Isotropic source on the left side. 

(Spectrum at each y mesh interval) (or z) 
(or theta). 

Isotropic source on the bottom side. 
SIRITE [NGROUP;JT] Isotropic source on the right side. 
SIBOTT [nGROUP;ITI 
SITOP [NGROUP;ITl Isotropic source on the top side. 

Option 2: Full Angular Boundary Source.a 
SALEFT ~*2;%GROUP*JT]  Angular flux on the left for each angle, 

group, and y (or z) (or theta) mesh 
interval. 
Angular fluxes on the right side. 
Angular fluxes on the bottom side. 

SARITE [MM*2;NGROUP*JT] 
SABOTT m*2;NGROUP*IT] 
SATOP m*2;NGROUP*IT] Angular fluxes on the top side. 

a c  d Option 3: Boundary Source From Vectors. 
BSLFTG [NGROUP] 
BSLFTY [JT] 
BSLFTA m * 2 ]  
BSRITG [NGROUP] 
BSRITY [JT] 
BSRITA m * 2 ]  
BSBOTG [NGROUP] 
BSBOTY PT] 
BSBOTA m * 2 ]  
BSTOPG [NGROUP] 
BSTOPY PT] 
BSTOPA m * 2 ]  

Spectrum on left side. 
Spatial distribution on left side. 
Angular distribution on left side. 
Spectrum on right side. 
Spatial distribution on right side. 
Angular distribution on right side. 
Spectrum on bottom side. 
Spatial distribution on bottom side. 
Angular distribution on bottom side. 
Spectrum on top side. 
Spatial distribution on top side. 
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: muc0, etac0; mw0, etac0; muc0, e-0; and moo ,  e W ,  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) = BSLFTG(g)*BSLFI'Y(j)*BSLFTA(m) 
d. Any vector not entered explicitly is defaulted to unity. 

First Collision Source Input 
(Optional} 

Name Comments 

FCSRC 

FCNRAY 

FCNTR 

FCWCO 

Use First Collision Source Option. Enter one of the following words: 
Word Description 
ANAa 

RAP 
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 NO 

Number of ray tracingshatch to use with ray tracing first collision 
source. (default = 10000). 
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 ray has 
been traced a sufficient distance 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 hand comer of the (14s) mesh cell, where j s  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 mesh cell, one would enter: 

SOURCY=14RO 1 FO 

to locate the point source for the calculation. The energy spectrum of the source is entered via the 
SOURCE input vector NGROUP entries]. The SOURCX input vector is not used for this option. 

b. The ray tracing first collision source may be used with any of the volumetric or boundary source input 
options. 
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Monte Carlo Option Controlsa 
{ 0 pt i o na I} 

Name Comments 

MCOPT 
{required} 

MCREG BGROUP] 

MClBND [2] 

MCJBND [2] 

MCBLT 

MCITS 

MCNHIS 

MCNTR 

MCISEED 
MCIPRNT 

Controls the use of the Monte Carlo/S, option. A value 
of 1 turns on the MC/Sn option, wMe 0 results in a 
standard S, calculation. O / l  = no/yes. The MC/Sn option 
is only valid for x-y and r-z geometries and 
inhomogeneous source (IEVT=O) calculations. 
(default=O). 
A value of 1 denotes energy groups in which the MC/Sn 
method is to be used, while 0 identifies groups in which 
only S, is to be used. (default=fl). 
Locates the left and right cells of the designated Monte 
Carlo region, where the numerical values represent an S ,  
fine mesh cell. A value of zero automatically sets the 
boundary to the leftmost or rightmost cell, respectively. 
(default=O 0). Only a single, rectangular Monte Carlo 
region is allowed. 
Locates the bottom and top cells of the designated Monte 
Carlo region as described above. (default=O 0). 
Thichess 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. (default=l.O). 
The maximum number of super-outer iterations allowed 
on the common boundary fluxes/sources between the 
Monte Carlo and S ,  regions. (default=8). 
The approximate number of histories per trial to be used 
in sampling the Monte Carlo source. (default=10000). 
The number of trials (batches) to be used in sampling the 
Monte Carlo source. (default=25). 
Resets the initial random seed. (default=O). 
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 SJMC 
interface fluxes and sources. 

a. On page 12-40 of the methods chapter will be found a discussion of the S&C hybrid method 
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Monte Carlo Biasing Input 
{ 0 pt i on a 1 a} 

Name Comments 

MCSB 

MCWC [2] 

MCCMIMP W;JMl 

MCEGIMP INGROUP] 

MCLvlMp DSN/2] 

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. 
Weight cutoff parameters w l  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 l  * ws. 
w2 must be less than or equal to wl. 
Array of coarse mesh cell importances for splitting/ 
Russian roulette. When crossing into cell j from cell 
i, a particle is assigned the relative importance Rj = 
rj/ri. Then, with probability &j - Int q j ,  Int %j + 1 
particles are created; otherwise, Int %j are created. 
The weight of all split particles is w&j. A cell 
importance of zero eliminates all particles originating 
in or entering that coarse mesh. 
Array of energy group importances for splitting/ 
Russian roulette. SplittingRussian roulette works as 
described above for coarse mesh cell importances. 
Level biasing parameters. A value of 0 eliminates the 
sampling of boundary fluxes within that quadrature 
level along the Sn/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 MUS, option and allow use of these options. 
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Monte Carlo Source input 
{Opt ionaia} 

Comments 

MCPTSRC [1/2] 

MCBSLA [2] 

MCBSRA [2] 

MCBSBA [Z] 

MCBSTA [Z] 

Gives coordinates (in S, 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, MCBSRA, 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. 
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 S, boundary source for a distributed beam source. 
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 S, boundary source for a 
distributed beam source. 

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 S, boundary source for a distributed 
beam source. 

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 S ,  boundary source for a distributed beam 
source. 

a. MCOPT must equal one in order to turn on the MC/S, option and allow use of these options. 
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The Monte Carlo/S, option works with al l  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/!$, option. 

Note that in order to provide storage for arrays required by the Monte Carlo/S, 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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Edit Spatial Specifications 
{ Requ ireda} 

Name Comments 

PTED Do edits by fine mesh. O/l = no/yes. 
Do edits by zone. 
SOLVER zone. See EDZONE input below). 

O/l = no/yes. (Le., edit zone, not ZNED 

POINTS[ SIT*JT] 
{optional} 

EDZONE p;JT]  
{optional} 

Fine mesh point (or interval) numbers at which point edits 
are desired. USED ONLY IF PTED=l. (Default= all 

Edit zone number for each fine mesh interval. USED 
ONLY IF ZNED=l. (default= SOLVER coaxse mesh 
interval numbers, see ZONES array, Block-II on page 3- 
36). 

. points). 

I 

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 6- Jen in chapter 'RUNNING THE EDIT MODULE" starting on page 
8-1. 
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Reaction Rates from Cross Sectionsa 
{Optional b, 

~~ 

Name Comments 

EDXS [<NEDT] 
{required‘} 

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 3-67 or “h4ENDF 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 

EDISOS [SNISO] 

Do edits using the resident macroscopic cross section at 
each point. O/I = no/yes. 
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). 
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). 
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). 

EDCONS [SNISO] 

EDMATS [IMT] 

Fine mesh density factors for the x (or r) and y (or z) (or 
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). 

I’ 
a. See chapter “RUNNING THE EDlT 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” 

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: 

grouping must be input in order to produce reaction rate edits. 

XDF(i)*YDF(j) 
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Edit Cross-Section Types by Position and Name 

CROSS-SECTION INPUT VIA ISOTXS 
or GRUPXS 

EDIT 
Position 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Namea 
CHI.. .. . 
NUSIGF.. 
TOTAL ... 
ABS..... 
N-PROT.. 
N-DEUT.. 
N-T€UT.. 
N-ALPH.. 
N-2N. ... 
N-GAMM.. 
N-FISS .. 
TRNSPT.. 

_ _ _ ~ ~ _ _ _  

CROSS-SECTION m-i~ VIA ASCII 
TEXT 

TvPe 
not used 
nu-fission 
total 
absorption 

2 
lb 

3 

N=MT-3 

EDIT 
Position 

1 
2 
3 
4 
5 
6 
7 

4+N 

Name 
CHI.. . . . 
NUSIGF.. 
TOTAL ... 
ABS..... 
EDITl..? 
ED IT2... 
EDIT3 ... 

ED ITN... 

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 may be 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 

RSFX [NGROUP;MI 
{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 
NGROUP entries be,oinning with group 1. 
Response function x (or r) distribution for M functions. 
Response function y (or z) (or theta) distribution for M 
functions. 
The above data are entered as M strings of IT or JT 
entries beginning with mesh point 1. (default=l.O). 
Character names for the user-input response functions 
specified above. (default = RSFP1, RSFP2, ... RSFTM). 

RSFX F;MIb 
RSFY [JT;MI 

{optional} 

RSFNAM IM] 

a. But either something in this grouping or in the “Reaction Rates from Cross Sections” grouping must 

b. The M-th response function at space point (ij) and energy group g is computed as: 
be input in order to produce reaction rate edits. 

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

Name Comments 

11 ICOLL W G ]  Edit energy group collapsing option: 

I1 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 Descrbtion 

0 
1 Print broad groups only 
2 
3 

Print energy group totals only 

Print broad groups only (same as 1) 
Print both broad groups and totals 

I ’  
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Reaction Rate Summing 
{Optional) 

Name Comments 

MICSUM [e500 sums] 

IRSUMS [ d o 0  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 0 (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). 
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 0 (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. 0/1/23 = none/ 
solver zonededit zones/both (default=l). This option is active 
only if atomic weights are present. See ATWT on page 3-49. 

I ’  1, 
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Po.wer Normalization 
{Optional} 

Name Comments 

POWER 
{required 

MEVPER 
{required} 

Normalize to POWER megawatts? 

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- 
c2\ 
JJ J .  

MeV released per fission (default=210 MeV). This value will be 
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-FISS. If one uses an ISOTXS or 
GRUPXS library that designation is automatically provided (See 
“Edit Cross-Section m e s  by Position and Name” on page 3-67). 
But if one uses an ASCII text library7 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 meaningless if you are using the results of an adjoint run. 

TWODANT USER’S GUIDE Version 3.0 3-71 



TWODANTINPUTDETAILS Block-VI Details: Edit Input 

Miscellaneous Edit Items 
{ 0 pt i o n a I} 

Name Comments 

RzrrmTx 

RZMFLX 

E D O W  

BYVOLP 

AJEDd 

FUJXONE 

Write the CCCC standard zonea flux file RZFLUX or AZFLUX. 

Write the code-dependent zoneb flux moments file RZMFLX or 
AZMELUX. 
O/I = no/yes. 

ASCII output files control. Enter one of the following values: 
Value Description 

O/I =no/yes. 

-3 

-2 
0 Write neither file. (default) 
I Write EDTOUT file. 
2 
3 

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

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. 
O/I = no/yes. 
Regular (forward) edit/Adjoint edit. 
RTFLUX scalar flux file; adjoint edit uses the ATFLUX flux file. 
O/I = regular/adjoint. 

Flux override. O/I = 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. 

Regular edit uses the 

a. RZFLUX and AXFLUX 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. 
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Special Plot Linkage 
{Optional} 

Name Comments 

PRPLTED Write an ASCII file of the pointwise reaction rates to link to the 
TECPLO'J? plotting package available commercially for a 
SUN workstation. 

0/1/2/3 = print only/nothing/tecplot fileboth 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 TECPLOP 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 TECPLOP preprocessor. 

If option 0 (print only) is chosen, no TECPLO'J? 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 EDJT module. 
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MENDF Library Edit Cross Sections 

Reaction Type Name Description 

xt 

CHI 
NUSIGF 
TOTAL 
ABS 
MEND1 
MEND2 
MEND3 
MEND4 
MEND5 
MEND6 
MEND7 
MENDS 
MEND9 
MEND10 
N-FISS 
MEND12 

MEND13 

fission spectrum 
effective nu-sigma-fission 
Total cross section 
absorp tiona 
elastic scattering 
inelastic scattering 
nY2n scattering 
n,3n scattering 
gamma production 
alpha production 
proton production 
direct fission 
second-chance fission 
third-chance fission 
[(n,F) = (n,Q + h n ? f  + (nY2n)fl 

prompt fission spectrum 
(only for fissionable materials) 
total fission spectrum 
(only for fissionable materials) 

a. 0, for group g is defined as 0, = 0, - CYg + gt 

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 

Sample Problem 1: Standard k, Calculation --- -2.:*;.=*-: -..-I A,.!--..” .-.I--.^.^^. ”.._ .-11. ~. . . $,’ TY-‘ 
r_- P., I 

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 Po 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. 

I I, -. ----! 
--I: 

Sample Problem 1: Output Description 

Selected items in the output lis’ting 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-11 input 
describing the spatial meshing and zone assignments by coarse mesh, we describe the 
cross-section library in Block-ID. Po 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 EDITl for the resident material, as well as rates using the 
supplied response functions. EDITl is the default name for the first 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 W- 
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. 
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In considering-he 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 inner 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 1.0-sourcesflosses. 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 lo7 for each group and better than 1 part in lo9 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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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* gc, .' 1 irplt m e  m m  W W 9 4  with dveruzskn 10-~-94t&a- r&se 2.5 mt5ir-e d 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * * * * * * * * * * * * * * * * * * * * * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * 
* * * * * * * 

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

15. / * * * w i * * * * 
16. --z, rgu@2, isl=4 -7 u l d  mm& hi2 i t 2 5  
17. j n - d  j-0 t 
18. / 
19. / 

21. ~ . 0 , 3 0 , 4 5  xntsI.5 ,10 y~skO,15,60,75 yintd,20,5 
22. za-Ps= M; 1.2; M t 
23. / 

20. /****wii (-1 * * * *  

- 
0.000 
0.000 - 
0.000 
O.Oo0 - 
0.000 
0.000 
W3-Q 
0.000 
0.000 - 
0.000 
0.000 - 
6.270 
4.800 
graq, 
0.900 
0.000 

lndhracss 
2.000 
3.600 

h€tuczoss 
1.900 
4.000 

h€tucross 
2.100 
4.500 

lndhrczoss 
2.450 
5.000 

lmDnCLOGS 
2.400 
8.000 

l m a e C L O G S  
4 . m  

Y.000 
lmaeaoss 

4.700 
U.000 

1.600 
3.600 

1.500 
3.995 

1.7W 

2.150 
4.980 

2.000 
7.970 

2.000 
9.500 

3.000 
12.500 

sgtias 

* * * * * * 

* * * 
* * * 

* * 
* * 
* * 

* 

* * 

* * 
0.000 d 6 / 1  ; 
0.390 d 6 / 2  

0.000raUn ; 
0.398 ra23/2 

o.ooofe/l ; 
0.392 fe/2 * 
0.000 a/l ; 
0.000 nul ; 

0.m p m 9 n  ; 

0.287 a / 2  * 

0.320 n U 2  

0.000 @9/1 * 

0.000 u238/1 ; 
1.300 u238/2 .c 

62. / 8. / * * * * m i v ( - ) * * * *  
64. n~tlssteel, fe .05, a -016. n i O . 0 1 ;  
65. M p-239" -0103. 21-238" .M03 -0-16" .W; 
66. scdiun "rR-23" .025 
67. assign= cnt-e fl+ .35, sdiun .4, steel .25; 
68. ?xfL€c sorium -7, steel .3 t 
69. / 
70. i 
71. /****bI.cckv(dver) * * * *  
72. ~vM. isrr=O SX=O 

75. / 
73* 74. -I dkO.6.0.4; -l=Tfisnp.l 0.7, 0.3 

* 
* * * 

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

1 d - i  
3 :s 4 

* * 
* * 

rlxtkeKrrne 
* 1. 0-16 * 2. rra-23 

3. fe 
4. Q * 5. ni * 6. p-239 * 7. 11-238 

* k C y a d s r d l i k r e e d  * 

* -- 

* 

..................... 

***ttm****m*********** 
**t**mm*m***********m 
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1. steel fe 
2. M p-239 
3. s=diull n3-23 

5.00oooEM, cc 1.6000oE02, ni 1.0MxIoE-cn. 
1 . 0 3 ~ - 0 2 ,  11-238 1.0300OE-02, -16 4.12Mx)E-02, 
2.5000GE-02, 

3.5OCOOZ-01, scdiun 4.0000OE-01, steel 2.5000OE-01, 
7.0000E-01, steel 3.0000OE-01, 
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* 

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

* 
* * * * * 
* * 
* 

* * * * * 

... rmvapaoeunttcJs(;arayr~n? = iter) ... 

* * 

* * 
* 

* * * * * * * * * 
* 

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

... altp.ltmhrdls(aaayrEn?=sdlart) ... 

0 am€- 0/1 mhFs-mintamularflmf3- 
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...- fmnhlcdc i... 
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* * * * * * * * * 

=f=Y-  lm&xid d) 
m. naTe m. na[IE 

1 lane 2 f u e l  3.MoOOOE-01 
2 loxE 3 d i u n  4.000oooE-01 
3 lcare lsteel 2.5000003-01 
4 2 -  3 z d i u n  7.000000E-01 
5 2reQe2 lsteel 3.00000CJE-01 

d 

0 . m o  
0.00000CTM 
0.00rn&O 
0.00000aEc00 
0 . m 0  

I2689 kur& lnn lmd i  * 
*zeroflux 

*kefstartslcorstants* 
. . . . . . . . . . . . . . . . . . . .  
**********m***m*** * 
: s 4 c m s t e m f o r g C 4 x  It0 2 
* * IRL eta 

* 1 0.3016387- 0.90444905FMIO 0.83333333Wl 
2 0.90444905Etoo 0.30163878EI.00 0.83333333E-01 * 3 0.30163878Etoo 0.30163878EI.00 0.83333333E-01 ***mm*mmhntm***ff 

**f***************m****mmfmm-*- msp P f m  . . . . . . . . . . . . . . . . . . . .  
*kefstartza-ssIIBp * ...................... 

z 
m m  
15.oooO n.wwwmw 

r * v  

r * v  
2 20 r 1; 2 v  

r V 15.m r*”r*******v 
r * v  

1 5 r 2 ;  2 v  
r V 

0.oooO lVVVVVVVVVVW 
r 0. 30. 45. o w o o o o o m  
m 15 10 

c o l u r n 1 2  
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* * 

* * * 

...- arss sebiar; ... - dli rnl*€i&cn total 
m. n3Te 
1 aae 6.0000E-01 2.5E48E-02 1.24143-01 8.9879E-03 
2 reaeC 7.0CCOE-01 0.000owoO 8.37103-02 4.5740E-M 

* l o  - 1 9%Em%- 
* 2  0 1 6.807OE-02 
**t*tf***mf*f*tlhhhh****-*****- r 0 u 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * * 1 -s€axz?s ... . .  ... 
* * * 

ZcXE d-i rnl*€i&cn total al _-. 
rn. n3Te 
1 ope 4.0M)OE-Ol 1.7304E-02 2.78293-01 l.ll45E-(n 
2 reflec 3.0000E-01 O.OG€lOBOO 1.85%-01 4.23ME-04 

* ZCIE e - g r P  aoss& 
* 1 0  2 2.61143-01 2.42033-02 
* 2  0 2 1.85083-01 1.51833-02 * 
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APPrnIxASAMPLElNPuT Sample Problem 1: Output Listing 

* * * 
* * * * * 
* * * * * * * * * * * * * 
* * * 
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APPENDIXASAMPLElNPuT Sample Problem 1: Output Listing 

3.86 1 0 4 0.940UUO 6.55942E-03 O.OOOCOZ+OO 1.38816Etoo *m* 
* 3.91 2 2 2 0.980ll716 4.05061E-02 4.57809E-01 4.71563E-03 *m** 
* 3.97 3 2 2 0.98056516 2.63283E-M 3.795UE-02 5.66785E-04 *** 

- iraeriteaticnswrary f o r w i t e m t i c n  m. 4- 

i t e r F e r u E l X E L U x  at 
m g r a p  d B r G e d  

1 3 0.9oE-04 22, 7 * 2 3 0.463-04 16, 6 

* 
* c p l t i l T e w .  k-eff rraxptwise nax@Xke i.mx?rs 

(sec) ro.-s&ulErs eisanmlue laTkd3-1 ~ ~ f i s s ~ o c r n r e r g e d  
4.07 4 6 1 0.98063032 5.95l37E-05 8.95ruE-05 8.8287oE-05 yg 

* * * ... title-saplepx?iienfar~user'sguid? 

...systankdams tables...@€utlms d y )  * * 
m**mmm*mmr* thhbm 3 - x  

sance €i59ialscuroe in scatter selfscatter 

* 1 0.0000COEN3 6.0000WoE-01 -1.06581423-14 1.47103TIEeOo * 2 0.- 4.0M)oMMEM 3.7518655E-01 1.5023756EeOl 

9p 

.A 

tot 0.0000000IEdM 1.o00ooM)woo * 

9p absarpcnparticleblaxe 
.A 

* 1 1.10558l4E-01 7.0097Q7E-08 * 2 4.42225743-01 -5.5391062E-08 * 
M 5.52783883-01 -6.39737153-10 * 

* * 9p leftlealege bxtanlejlQge 

* 1 0.00Mx)OoEmJ 2.15498903-02 
2 O.oo00WOE+OO 6.340400EE-02 

* 
M o.oo0000owM) 8.4953898E-02 

t 

3.75186553-01 1.6494794l301 

right1- -1- 

7.ll56679E-02 7.ll56679?3-02 
2.06l5163E-01 2.06151633-01 

2.773083oE-01 2.773083oE-01 

m- 
3.1959352E-01 
6.80406483-01 

1. 0000000Etoo 

... 

ab: satter 

3.7518535E-01 
5.68434193-14 

3.7518535E-01 

WlejlQge 
2.1549898342 
6.3404U25E-02 

8.49YF23E-02 

X E t  1- 
1.14256473-01 
3.3295965341 

4.472l612E-01 

4 1- 

i.2680803~-01 
4.30997883-02 

1.699O782E-01 

dl o.ooooowwoo 
1.ooOOOwwoO 
3.75186553-01 
1.6494794l301 
3.75l8535EOl 
4.4721612601 
5.52783883-01 
2.77308303-01 

8.4953923E-02 
1.699O7823-01 

2.m0830~01 
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APPENDIX A SAMPLEINPUT Sample Problem 1: Output Listing 

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

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

* * 
* 

rrresh 1 

30 1.5950293-05 
29 2.31lu6E-05 
28 3.1869123-05 n 4.4041883-05 

25 8.456315E-05 
24 1.0698933-04 
23 1.2584383-04 
22 1.4187993-04 
21 1.55478OE-04 
20 1.6680363-04 
19 1.7593033-04 
18 1.828347E-04 
17 1.874937E-04 
16 1.89873OE-04 
15 1.8987303-04 

U 1.828347E-04 
12 1.75930334 
11 1.668035344 

8 1.258437E-04 
7 1.069892364 
6 8.4563083-05 

4 4.404186E-05 
3 3.1869103-05 
2 2.31lu4E-05 
1 1.595027E-05 

26 ~.i7mgm-05 

14 i.rn49373-04 

io 1 .554ngm 
9 i.arnm-04 

5 6.17m94~-05 

rmsh 9 

30 1.201907E-05 
29 1.749443E-05 

26 4.6000943-05 
25 6.29944OE-05 
24 7.963704E-05 
23 9.3490813-05 
22 1.0512733-04 
21 1.14989lE-04 
20 1.233290344 
19 1.300649E44 
18 1.3510993-04 
17 1.3853593-04 
16 1.402393344 
15 1.402393344 
14 1 . 3 8 5 3 M  
U 1.3510993-04 
12 1.3006483-04 
ll 1.2332903-04 
10 1.1498913-04 
9 1.051273344 
8 9.349077E-05 
7 7.9637013-05 
6 6.299438E-05 
5 4.6000923-05 
4 3.2771913-05 

2 1.7494423-05 
1 1.201906E-05 

28 2.3m5143-05 n 3.277193~45 

3 2 .3mm~-05  

r msh 17 

rrresh 2 r& 3 rrresh 4 rmsh 5 rrresh 6 rmsh 7 rmsh 8 

1.28l23ZE-05 
1.855876E-05 
2.536615-05 
3.4947m-05 
4.912686E-05 
6.7324933-05 
8.515655E-05 
1.000706E-04 
1.1262ME-04 
1.232076E-04 
1.32llZ9E-04 
1.393503E-04 
1.4481953-04 
1.484646E-04 
1.503147E-04 
1.503147E-04 
1.484646E-04 
1.448195E-04 
1.393502E-04 
1.321128E-04 
1.232075E-04 
1.126203E-04 
1.000705E-04 
8.5156513-05 
6.73249OE-05 
4.9126833-05 
3 A94756E-05 
2.536614E-05 
1.855875E-05 
1.2812313-05 

rmsh 10 r& ll rnesh 12 rmsh U rmsh 14 rrresh 15 rmsh 16 

1.3153493-05 
1.6308963-05 
2.2253423-05 
3.042264393-05 
4.259405-05 
5.627823E-05 
7.35914CE-05 
8.6293683-05 
9.695DE-05 
1.06043BE-04 
1.U7U33-04 

1.24552CE-04 
1.2772733-04 
1.293036E-04 
1.29303504 
1.2772723-04 
1.24552CE-04 

1.U7U5E-04 
1.060437E-M 
9.695llCE-05 
8.629365€45 
7.359u8E-05 
5.8278213-05 
4.2594053-05 
3.0422683-05 
2.2253413-05 
1.630896E-05 
1.lJ5345-05 

i . ~ m 9 3 ~ - 0 4  

1.um93~-04 

1.018631345 9.l2991oE-06 
1.5Oll79EO5 1.3543013-05 
2.051696E-05 1.8643853-05 
2.7902253-05 2.524819E-05 
3.8932873-05 3.503205E-05 

6.7080283-05 6.0083053-05 
7.851F23EiO5 7.0151063-05 
8.8ll923E-05 7.8su603-05 
9.6383353-05 8.6l32903-05 
1.03349oE-04 9.2340473-05 
1.089537604 9.733551345 
1.U23743-04 1.Olll973-04 
1.160948E-04 1.036386E-M 
1.1753513-04 1.M9U6E-04 
1.1753513-04 1.049U6E-04 
1.160947E-04 1.036386E-04 
1.U2374E-04 1.OU97E-M 
1.089537E-M 9.7335503-05 
1.0334893-04 9.2340463-05 
9.6383333-05 8.6132893-05 
8.81l9213-05 7.m59E-05 
7.8518213-05 7.Ol51053-05 
6.7080273-05 6.0083043-05 

3.8932863-05 3.5032053-05 
2.790224345 2.5248183-05 
2.0516953-05 1.864384E-05 
1.5Oll78E-05 1.3543OOE-05 
1.0186313-05 9.1299053-06 

5.3192253-05 4.7769733-05 

5.319224~45 4.776973345 

8.1423663-06 7.299048E-06 
1.2022603-05 1.0652303-05 
1.660v2E-05 1.4643353-05 
2.242422F45 1.954MlE-E 
3.091898E-05 2.6560813-05 
4.196846E-05 3.586246E-05 
5.26l3163-05 4.4660043-05 
6.U1568E-05 5.179908E-05 

7.5233623-05 6.3301733-05 

8.4866033-05 7.1257733-05 
8.8l0034393-05 7.3936153435 
9.027667E-05 7.573637E-05 
9.U6348E-05 7.664036E-05 
9.U6348E-05 7.6640353-05 
9.027666E-05 7.5736373-05 
8.810038E-05 7.3936143-05 
8.4866013-05 7.12577lE-05 
8.05640OE-05 6.77025OE-05 
7.5233613-05 6.330173E-05 

6.U1568E-05 5.1799093-05 
5.26UliE-05 4.4660053-05 
4.1968463-05 3.586246E-05 
3.091897E-05 2.6560813-05 
2.24242lE-05 1.954MlE-05 
1.6605213-05 1.464u4E-05 
1.20226OE-05 1.0652293-05 
8.1423613-06 7.2990433-06 

~ . m 9 ~ 0 ~ - 0 5  5.8015353-05 

8.05a01~-05 6.n02513-05 

6.m9419~-05 5.8015353-05 

6.523604E-06 5.859663E-06 

1.289514E-05 1.147994393-05 
1.6998303-05 1.5O5027E-05 
2.22e423E-05 1.90625lE-05 
2.90054lE-05 2.324235E-05 
3.543138E-05 2.760247E-05 

4.564l733-05 3.539366E-05 
4.9704213-05 3.8531683-05 
5.3122093-05 4.ll48l33-05 
5.5869013-05 4.3264483-05 
5.7949613-05 4.486439E-05 
5.9346203-05 4.593657E-05 
6.0047613-05 4.6476623-05 
6.0047613-05 4.6476623-05 
5.934619E-05 4.593657E-05 
5.7949m-05 4.486434393-05 
5.5869OE-05 4.3264463E-05 
5.312208E-05 4.ll48uE-05 
4.9704.2E-05 3.853166E-05 
4.564l733-05 3.5393E8E-05 

3.543U8E-05 2.7m48E-05 
2.9005423-05 2.324239E-05 
2.2284233-05 1.9062513-05 
1.6998303-05 1.505M7E-05 
1.2895UE-05 1.147999E-05 

6.5236WE-06 5.859658E-06 

9 .mgw-06  8.4mgm~-06 

4 .0mm-05  3.177om-05 

4.0~2321~45 3.177om-05 

9.m9m-06 e.4mg~z~-06 

rmzh 18 r& 19 rmsh 20 rmsh 21 r d  22 rmsh 23 rmsh 24 

3.230698E-06 2.764Zl6E-06 
4.6536343-06 3.9932423-06 
6.1771543-06 5.2943193-06 
7.772648E-06 6.652385E-06 
9.39994OE-06 8.025103E-06 
1.0831l1E-05 9.2244883-06 
1.2U56aE-05 1.028l.5505 
1.3562553-05 1.1449663-05 
1.5009UE-05 1.261293E-05 
1.625646E-05 1.3733223-05 
1 .Z82103-05 1.4596143-05 
1.8091423-05 1.531886E-05 
1.8636ME-05 1.584509E-05 
1.901858E-05 1.614772E-05 
1.92oo22E-05 1.631737E-05 
1.9200213-05 1.631i37E-05 
1.901857E-05 1.614m-05 
1.8636OZE-05 1.5W38E-05 
1.8091423-05 1.531886E-05 
1.7282103-05 1.459614E-05 
1.625646E-05 1.3733223-05 
1.5009UE-05 1.2612943-05 
1.356256E-05 1.144966E-05 
1.213561005 1.028156E-05 
1.083L12E-05 9.224493E-06 
9.399943EO6 8.025106E-06 
7.772648E-06 6.6523863-06 
6.1771513-06 5.2943173-06 

2.3418433-06 1.9564403-06 
3.385315346 2.813322E-06 
4.483773E-06 3.719634E-06 
5.625309E-06 4.654474E-06 
6.768J23E46 5.5870013-06 

8.618757E-06 7.077756E-06 
9.5548153-06 7.8127773-06 
1.0558123-05 8.616276E-06 
1.149934E-05 9.400505E-06 
1.2219323-05 1.0037423-05 
1.280141E-05 1.052375E-05 
1.329032345 1.0897813-05 
1.35854OE-05 1.ll72423-05 
1.374953E-05 1.U0725-05 
1.3749533-05 1.U0725-05 
1.3584103-05 l.ll7242E-05 
1.329032E-05 1.0897813-05 
1.280140345 1.052375E-05 
1.22t932E-05 1.003742E-05 
1.149934E-05 9.4OoM5E-06 
1.0558uE-05 8.616278E-06 

8.61876E-06 7.0777603-06 

6.768126E-06 5.5870043-06 
5.6253103-06 4.654474E-06 
4.483TllE-06 3.719632E-06 

7.751w-06 6.3m923~-06 

9 . m m - 0 6  7.wn4393-06 

7 . m m - 0 6  6.3mzm-06 

TWODANT USER'S GUIDE Version 3.0 3-89 



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

* * * 
* 

* 

2 7 66M89E-06 6.863377E-06 6.103672E-06 5.3680503-06 4.6536293-06 3.9932383-06 3.3853uE-06 2.8l3319E-06 
1 5:3135983-06 4.771476606 4.2312473-06 3.71887W6 3.230694E-06 2.7WE-06 2.3428403-06 1.9564383-06 

rn&n 25 

30 1.583627E-06 
29 2.2515143-06 
28 2.964949413-06 
27 3.7CQ8ME-06 
26 4.4358563-06 
25 5.0695733-06 
24 5.592986E-06 
23 6.1491753-06 
22 6.7680293-06 
21 7.39ll77E-06 
20 7.9Il362E-06 
19 8.3112823-06 
18 8.616728E-06 
17 8.8101783-06 
16 8.8926633-06 
15 8.892663346 
14 8.810178E-06 
U 8.6163283-06 
12 8.3Lu813-06 
ll 7.9lJ982E-06 
10 7.39ll77E-06 
9 6.7680303-06 
8 6.149176E-06 
7 5.592.9883-06 
6 5.069575E-06 
5 4.4358583-06 
4 3.703851346 
3 2.9WYE-06 
2 2.2515lZE-06 

* * * 

* * * * * 

* * * * * * 

* * * * * 

* * * * * 

* * * * 

* * * * * * * * 

* 

rrresh 1 rrresh 2 rrresh 3 rrresh 4 r& 5 rrresh 6 rrresh 7 rrnsh 8 
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* * * 
* * 
* * * * * * 
* 
* * 
* * * * * * * * * * * 
* 
* * * * * * * * * * * 
* 
* * 
* * * 
* * * * 
* * * * 
* * * 

1 4.8502593-05 4.5444923-05 4.2187283-05 

rmsh 17 rmsh 18 rmsh 19 

30 2.346447365 
29 3.96ll953-05 
28 5.44lll6E-05 
27 6.852108E-05 
26 8.224255345 
25 9.4565243-05 
24 1.053424E+I 
23 1.1617UE-04 
22 1.264766604 
21 1.3566413-04 
20 1.4364933-04 
19 1.5M103Ed4 
18 1.552341344 
17 1.586377E-M 
16 1.603505E-04 
15 1.603505E-04 
14 1.586377E-04 
U 1.55234lE-04 
12 1 .5021~-04  
ll 1.4364933-04 
10 1.356fj54E-04 
9 1.264766E-04 
8 1.1617UE-04 
7 1.053424E-04 
6 9.4565243-05 
5 8.2242553-05 
4 6.8521Ct7E-05 
3 5.411l16E-05 
2 3.961194E-05 
1 2.346446365 

rmsh 25 

30 5.308129E-06 
29 8.7ll05OE-06 
28 1.187033E-05 
27 1.4936433-05 
26 1.7926123-05 
25 2.049668E-05 
24 2.260386E-05 
23 2.461695E-05 
22 2.649252E-05 
Zl 2.820936E-05 
20 2.9716loE-05 
19 3.0963393-05 
18 3.191268E-05 
17 3.2549393-05 
16 3.287524E-05 
15 3.287524E-05 
14 3.2549393-05 
U 3.1912683-05 
12 3.0963383-05 
ll 2.97161oE-05 
10 2.820936E-05 
9 2.649252E-05 
8 2.4616953-05 
7 2.250386E-05 
6 2.0496683-05 
5 1.7926i7.E-05 
4 1.4936433-05 
3 1.1870333-05 
2 8.711048E-06 
1 5.3081283-06 

2.1051033-05 
3.5568233-05 
4.889988E-05 
6.1580393-05 
7.3979723-05 
8.498818E-05 
9.44057(3-05 
1.036453E-04 
1.124953E-04 
1.2045393-04 
1.27349OE-04 
1.33066OE-04 
1.374249E-04 
1.4039693-04 
l.418857E-04 
1.418857E-04 
1.403969E-op 
1.3742493-04 
1.3306ME-04 
1.27349CE-04 
1.204539364 
1.1249533-04 
1.0364533-04 
9.44057CE-05 
8.498818E-05 
7.3979723-05 
6.158038E-05 
4.889988&05 
3.556822345 
2.105103E-05 

1.8701853-05 
3.170~iu~-05 
4.3552523-05 
5.47l.9243-05 
6.57263oE-05 
7.5441063-05 
8.3663193-05 
9.167009E-05 
9.927416E-05 
1.061366E-04 
1.120515E-04 
1.1697413-04 
1.2074223-04 
1.2330223-04 
1.245938E-04 
1.245938344 
1.233i322E-04 
1.2074223-04 
1.1697413-04 
1.12051fE-04 
1.061366604 
9.927416E-05 
9.161oo9E-05 
8.3663BE-05 
7.5441073-05 
6.57263OE-05 
5.4719233-05 
4.355252E-05 
3.1706lOE-05 
1.87N84E-05 

3.88455OEO5 3.5483773-05 3.2U2313-05 2.878576E-05 

rmsh 20 rmsh 21 rmsh 22 rmsh 23 

1.6468723-05 1.4261293-05 
2.7922523-05 2.4lOZl9E-05 
3.81927E-05 J.29084IE-05 
4.795108345 4.U63013-05 
5.7647203-05 4.973863E-05 
6.61128lE-05 5.700433E-05 
7.321638E-05 6.306607E-05 
8.0069293-05 6.8868603-05 
8.658727605 7.434616E-05 
9.250763605 7.937967E-05 
9.757966E-05 8.3712183-05 
1.017597604 8.725617E-05 
1.049994E-04 8.999343E-05 
1.0717063-04 9.1827513-05 
1.082843E-04 9.276529E-05 
1.0828433-04 9.27699EN5 
1.071706604 9.182755-05 
1.0499943-04 8.99934zE-05 
i . rn7m-04 e .zm6~-05  
9.757965345 8.3nuiE-05 
9.2507623-05 7.937966E-05 
8.6587273-05 7.434616E-05 
8.0069293-05 6.88686OE-05 
7.3216383-05 6.3066083-05 
6.61128lE-05 5.700433E-05 
5.76472OE-05 4.973864E-05 
4.795108E-05 4.UQOE-05 
3.819271345 3.2908413-05 
2.79ZElE-05 2.4l02BE-05 
1.6468722-05 1.4267WE-05 

1.2039723-05 9.8399803-06 
2.032106E-05 1.65735OE-05 
2.773987E-05 2.2620633-05 
3.4898683-05 2.848592E-05 
4.1973BE-05 3-4238433-05 
4.806255-05 3.9172863-05 
5.3m4E-05 4.327094E-05 
5.79~~83-05 4 . n m 6 ~ 4 5  
6.250256E-05 5.082786E-05 
6.66Q14E-05 5.418259E-05 
7.027433E-05 5.71006oE-05 
7.324606E-05 5.9491803-05 
7.552385E-05 6.U3269E-05 
7.70644OE-05 6.259753E-05 
7.7834RlE-05 6.321822E-05 
1.7834oo3-05 6.3218223-05 
7.706439E-05 6.259752~45 
7.552385E-05 6.l33269~- 
7.324EO5E-05 5.94918OE-05 
7.027433E-05 5.71006OE-05 
6.6662133-05 5.4l82593-05 
6.250256E-05 5.082786E-05 
5.795368E-05 4.7l6U6E-05 
5.311925E-05 4.327094E-05 
4.806256E-05 3.917286E-05 
9.1973293-05 3.423843E-05 
3.4898683-05 2. 84859zE-05 
2.773987E-05 2.2Qm-05 
2.032106E-05 1.6935OE-05 
1 .2039723-05 9.839978E-06 

2.589833E-05 

rmsh 24 

7.6350633-06 
1.277739E-05 
1.742349E-05 
2.193956E-05 
2.63438oE-05 
3.ou403E-05 
3.37.564m-05 
3 .Q32UE-05 
3.9M067E-05 
4.1563843-05 
4.381218E-05 
4.564094E-05 
4.703432E-05 
4.8ooO97E-05 
4.848259E-05 
4.848259E-05 
4.800097E-05 
4.70343zE-05 
4.564093E-05 
4.381217E-05 
4.1563843-05 
3.9M067E-05 
3.6232123-05 
3.32564m-05 
3.ou404E-05 
2.63438lE-05 
2.193956E-05 
1.742345-05 
1.2777393-05 
7.6350632-06 

* * 
:a=s=-lt- 1 
* * * * * * * * * * * * * 
* * * * * * * 
* 
* 

rmsh 1 rmsh 2 rmsh 3 rmsh 4 rmsh 5 rrresh 6 rmsh 7 rm-& a 

30 0.- O.oooO00Ei00 
29 0.- 0.000000Ei00 
28 0.000000W00 0.- n 0.MXXXX)EtOO 0.000000Ei00 
26 0.000000Et00 O.OXQX&MN 
25 7.2544033-06 7.183464~46 
24 8.7689743-06 8.6843443-06 
23 1.0118763-05 1.002U93-05 
22 1.U1043E-05 1.1200713-05 
21 1.23463E-05 1.222617365 
20 1.322234E-05 1.3093373-05 
19 1.393349E-05 1.3797083-05 
18 1.4473433-05 1.4331813-05 
17 1.9837303-05 1.469239E-05 
16 l.Mz14lE-05 1.4873913-05 
15 l.Mz1413-05 1.4873913-05 
14 1.4837303-05 1.4692383-05 
U 1.4473433-05 1.4331803-05 
12 1.393349E-05 1.3797083-05 
11 1.3222333-05 1.309336E-05 
10 1.23463OE-05 1.222616E-05 
9 1.U10433-05 1.12007oE-05 
8 l.Oll8753-05 1.002U8E-05 

0.000000W00 
0.OMXXMWOO 
0.- 
0.000000Et00 
0.- 
7.0684553-06 
8.545WE-06 
9.86o505E-06 
1.101985E-05 
1.202766E-05 
1.2879823-05 
1.357ElE-05 
1.4097813-05 
1.4452073-05 
1.9630393-05 
1.463039E-05 
1.4452073-05 
1.409780605 
1.357E13-05 
1.2879813-05 
1 .202766~-05 
1.10l984E-05 
9.8604993-06 

o.omoEIo0 
0 . o o o M ) ~ 0  
0.oM)oOOEeM) 
0.000000EeW 
0.- 
6.908359606 
8.3499943416 
9.634460606 
1.076574E-95 
1.1748423-05 
1.2580053-05 
1.3254713-05 
1.376792E45 
1.4114463-05 
1.4287943-05 
1.4287942-05 
1.4ll446E-05 
1.376192E-05 
1.3254713-05 
1.258CO9E-05 
1.1748423-05 
1.076573E-05 
9.6444543-06 

O.ooOoOoEtoo 
O . O o 0 ~  
0.oOM)wEtM) 
0.- 0.wmmo 
6.70361oE-06 
8.1oM8E-06 
9.3437793-06 
1.0439OE-05 
1.l38967E-05 
1.219378E-05 
1.284746E-05 
1.3345013-05 
1.3679513-05 
1.3847263-05 
1.384726E-05 
1.3679513-05 
1.3345013-05 
1.2847456-05 
1.2193783-05 
1.l38966E-05 
1.0439023-05 
9.3437733-06 

O . ~ M M w o o  
0.- 
0.00000(IEt00 
0.00000CIEe00 
0.- 
6.455628E-06 
7 -7971693-06 
8.991047E-06 
1.004169E-05 
1.095306E-05 
1.1724643-05 
1.235277E-05 
1.282974E-05 
1.315065E-05 
1.3312013-05 
1.331201345 
1.3150653-05 
1.282974E-05 
1.2352TIE-05 
1.1724633-05 
1.095306E-05 
1.004169E-05 
8.9910423-06 

o.oWOOOEi00 
0.0oooo~ 
0.m0 
O.MX)00(1Et00 
0 . 0 ~ 0  
6.166971E-06 
7 .W592E-06 
8.5790993-06 
9.SnOQE-06 
1.0443433-05 
1.ll766lE-05 
1.177366E-05 
1.222769E-05 
1.253237E-05 
1.26866OE-05 
1.26866OE-05 
1.253237E-05 
l.uz1693-05 
1.171366E-05 
l.ll766lE-05 
1.044343E-05 
9.57705lX-06 
8.579095E-06 

-1 0 

0.00000~0 
o.oooOwEcoo 
0.w-0 
O.OOON6ZiOO 
0 . 0 0 0 0 ~ 0  
5.840206E-06 
7.042873E-06 
8.111638E-06 
9.oM252E-06 
9.86402OE-06 
1.055493E-05 
l.lll7632-05 
1. W693-O5 
1.1831063-05 
1.1975683-05 
1.197568E-05 
1.183106E-05 
1.154469E-05 
1.111763E-05 
1.055492E-05 

9.050248E-06 
8.lIlG53-06 

9.8arn6~-06 
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* 
* * * 
* * * 
* * * * * 

* * * * * * 

* 
* * * 

* * * * * * 

* * * * 

* * * rner;h 25 

* 30 0 . o o O o ~ O  
29 0.000000W00 
28 0.000000W00 
27 o.omoowoo * 26 O.OC€XXOFMO 
2s 0 . 0 ~  
24 0 . M X x ) W O  * 23 o.oooooowoo * 22 0.0oooooEiw) * 21 o.oooooowo0 * 20 o.oooooowoo * I9 o.oooooowoo 
18 O.OWOwEt00 
17 O . O M ) ( 3 W O  
16 O.OMx)OOE+OO * 15 0 . 0 o o o ~ O  * 14 0.- * I3 o.ooOo00W00 
I2 o.oooooowoo 
11 o.owo00W00 
10 O . O ~ O E + o O  
9 o.oMx)(x1Etoo 
8 0.oooowEIoo * 7 0.0W0ooEiw) * 6 0 . 0 M x ) m  * 5 o.oM)(xx1Etoo * 4 0 . o M X ) m  * 3 o.oooooE+oo * 20.000000Ee00 

& 1 0.0mooEIw 
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* * 
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...lilcckvi - edit . &La... 

* * 
* 
* 
* * * * * 

* * * * * * 

* * * * 
* 

o.ooooooBoo KcwSr 
2.1- m3Ger 

3-94 TWODANT USER'S GUIDE Version 3.0 



APPENDIX A SAMPLE INPUT Sample Problem 1: Output Listing 

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

* * * 
* * 
* * 

... edit . &ta( L f  1 )... 

- -  
dli 1 
ralsisf 2 
t o t a l 3  
ahs 4 
dtl 5 

:EX**E2******F*EE2****2 * * * * 
* 
* 
* * * 
* * * * * * * * * 
* 

***rn*mm-m****tm * 

* 
**m****m**mmmt*H*** 

-‘ mtg ; 

0.00000W00 
O.MXXMWOO 

0.0000CFA 
O.-& 
9.8063oE-01 
0.00000EtM) 
0.00000EtM) 
0.00000EtM) 

2.260m-03 
9.16557E-04 
5.39537E-01 
6.8954lE-03 
2.2-43 
9.16558E-04 
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* * * 
* * * * * * * * 

* * * 

* * * * 

* * * * 

* * * 

* * * * * * * 

............................... 
c * 

* n  
16 * 101 * 102 * 103 
105 
106 

108 * 109 
* 1 1 2  * 200 * 201 * 202 

204 * 205 * 206 * 207 * 208 

; 104 
; 107 

; 203 

* Zio  * 2 l l  * 300 * 301 

0 
8539 

0 
1043 

50 
2065 

0 
0 

191 
592 

4429 
0 

10997 
0 
0 

927 
0 
0 
0 
0 
0 
0 
0 
0 

7481 
0 

0 m 
0 

40000 
40000 
40000 

0 
0 

4oooo 
40000 
40000 

0 
40000 

0 
0 

40WO 
0 
0 
0 
0 
0 
0 
0 
0 

40000 
0 

0 0  
0 0  
0 0  
10 140000 
0 0  
0 0  
0 0  
0 0  

83 140000 
7 140000 
0 0  
0 0  

12689 140000 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
61 140000 
0 0  

4.4 
3.7 
0.7 
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 
0.0 
0.2 
0.1 
0.0 
0.1 
0.0 
n.2 

- 
0.4 
0.2 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 ~~~ 

0.1 
0.1 0.0 

400 0 0 0 0 0.0 0.0 
; 3M 0.0 0.0 
w*m***ft**Hmiir*mm*m**m*-m****** 

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

... eeaticn e t € d . . .  
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Sample Problem 2 is a coupled Monte Carlo/S, calculation for a two-dimensional cylin- 
drical shielding duct. Two 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 S,. 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 S ,  in the shield region, we can achieve a more efficient solution 
than can either technique by itself. 

Sample Problem 2: Output Description 
3 

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 3-110). The Monte Carlo 
Setup Information table details the additional memory requirements for the MC/S, 
method, the group-dependent Monte Carlo/S, 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 MUS, 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 duct/wall interface. However, the angular flux 
at such material interfaces is usually a strong function of angle and would require a large 
S ,  order to resolve. To allow the use of a lower S ,  order, the code automatically moves 
the Monte Carlo/S, interface MCBLT mean free paths into the S ,  region. Thus, since 
the mean free path is group dependent, the actual Monte Carlo/S, interface location will 
be a function of energy group, and differ from that specified by MCIBNDMCJBND, 
unless MCBLT is set to zero by the user. In this problem, the Monte Carlo/S, 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/S, option in only the source and/or higher energy 
groups, since S ,  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 (Le., 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 histories, and another one between 210420 and 220440 
histories. This indicates that MCNTR andor 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 3-111). 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 S ,  region, particles are not tracked through it. The MC Coarse Mesh 
Leakages table is the leakage (particles/sec) 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 S ,  (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 S ,  balance table entries, except that the fission source and in scatter entries are 
broken out as to amounts that appear in the S ,  region and the Monte Carlo region. The 
net leakage entry reflects the leakage from the Monte Carlo region. For problems with 
SplitlingRussian 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 SplittingRussian 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 it, 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 S ,  calculation is 
performed for the entire problem geometry, except that the Monte Carlo calculated 
boundary flux at the shieldwall interface is used as an internal boundary condition. In 
this problem, since there is no upscatter or fission, the S ,  calculation consists of one 
outer iteration (page 3-113). Since there is no need to determine the fluxes in the second 
energy group until the boundary flux at the Monte Carlo/S, interface has been con- 
verged, the s, calculation for group 2 is skipped. Also note that the s, particle balance 
is not determined until after the boundary flux has been converged. 

Next, the angular boundary fluxes from the S ,  region into the MC region at the Monte 
Carlo/S, interface are sampled to determine the response of the Monte Carlo region due 
to the coupling with the S ,  region. This process of coupling an S ,  calculation and a 
Monte Carlo calculation is referred to as a “super-outer” iteration. The Monte Carlo/S, 
method in TWODANT is “fully coupled” in the sense that it iterates between the S ,  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 3-119). 

The convergence criteria for the S,/Monte Carlo iterations is based upon the errors in the 
group-dependent scalar boundary fluxes at the spatial S,/MC interface (ie., 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 S ,  region. Conver- 
gence in super-outers is considered to have been achieved when the relative error in the 
Monte Carlo to S ,  boundary flux and the Monte Carlo to S ,  scatteringhission 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 S ,  region into the Monte Carlo region are decomposed into 
orthonormal “basis vectors” (shapes), where each new S ,  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 S ,  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 fluxedsources. 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 fix- 
ther Monte Carlo coupling calculations. 

After projection, one additional super-outer calculation is done, with the S ,  calculation 
using the projected interface fluxes/sources. Now, a complete S ,  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 S ,  boundary flux and the Monte Carlo to S ,  scattering/ 
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fission sources are within our error criteria EPSI (.001), while the fit error of the basis 
vectors to the S, to Monte Carlo interface fluxes/sources is reasonably good. 

The number of histories used in each Monte Carlo link calculation is determined auto- 
matically by the code, and is based upon the number of histories specified for the source 
calculation and the relative magnitude of the current fit coefficients. Thus, 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/S, 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/S, interface, and/or 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 3-119) 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 S, SOURCE refers to in scattedfission sources from the S, 
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 @articles/sec) from the Monte Carlo region minus the leakage 
from the S, 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/S, 
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 S, 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 S, 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 S, and Monte Carlo leakages. 
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Although no edits were specified for this problem, they are still possible with the S,/ 
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 S, regions, Monte Carlo calcu- 
lated fluxes are used only in the Monte Carlo portion of the coarse mesh cell. 

TWODANT USER’S GUIDE Version 3.0 3-101 



APPENDMASAMPLEINPUT Sample Problem 2 Output Listing 

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

...Listirg of ca?335 in thz iqxt StZFan... 

18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 

t 
m. Po 

0.01 
0.22 
m. Pl 
0.0 
0.0 

?E?"" 
0,18 
*m, Pl 

/-** 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

*ttm 

32. mf!s=ks 
33. - m 

0.78 
1.14 

0.0 
0.0 

0.84 
1.32 

0.75 
0.92 

0.03 
0.01 

0.81 
1.14 

0.15 
0.26 

C K  IV 

0.0 
0.02 

0.0 
0.0 

0.0 
0.02 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 0.0 
0.0 0.0 

r***m*mht*t******n 

* 

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

* 
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* * * 

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

l j m  nnterofrxnrs=rreshyirhervals 
40 Jt -Of finerrpshylntervals 

. . .stceage.. . 
11~x9m 40000 

140000 
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* 

* * 
* 

* 
* * * 

* 
* * 

* 
* * * 
* * * * * 

* 

-~ 
1 0 . m m  

... struchne... 
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* 

1. d l  vsll 1.00000Et00, * 2.shiel.d shield 1 . m .  ******************* 
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* * * 

t * * * * 

* * * * * * 

* * * 
* 
t * * * 

* 
t * * * * * 

0 

1 
0 
1 

0 iRh 

l i s &  
0 ith 
1 i b l  

o i t n  

o i t t  

o i b b  

1.00OE-03 1 . W W 3  Epsi 
0 1 irtl 

0 30 3 m  

icn 
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* * * * * * 
* * * * * * * * * * * * * * * * * * * * * * 
* 
* * * * * * * * * * * * * * 
* * * * 

* * * 
* * * * * * * * * 
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1 0.3016387M 0.90444905Etoo 0.83333332341 * 2 0.9M44905EiM) 0.30163878woo 0.83333332341 
3 0.30163878woO 0.3016387~-~~3G232E41 mm*t***m*m***ct**mm**mm**m**m**m --*- 

I 

0.0000 P 
r 0. 5. 7. 25. 

OOM) oooo 0000 oo00 
m 5 2 18 

m l u m 1 2 3  
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* * * * * * * * * * * * * * 
* * 

Z a E  
1 
1 
2 
2 

...lxk!ipl atxs sedicns ... 
m dli ru*I3s.sim total 

ID. IRE 
' zcrel 0.0000W00 0.0000W00 7.800oE-01 l.cO30EN2 

zcre2 o.ooomo 0.oOooEioo 8 . 4 r n - a  1.ma 
I 
2 

cder firstcup 
0 1  
1 1  
0 1  
1 1  

aosssectras 
7.5oooE-01 
3 . m - 0 2  
8.1caX-01 
1.5000E-01 

* * * * 
* * 
* * 

d6 

pcucqdLatxssedurs ... . .  ... 
m*fissicn total 

ID. m 
1 d 0.0000W00 0.oOOoEioo 1.140@W3l 2.2MME-Ol 
2 0.0030W00 0.OOOoEioo 1.320- 1.8MME-01 

* * l o 2  - 9 y m * . m  
* 1 1 2  1.000(IE-02 
* 2  0 2 1.14OOF&O 2.- 
* 2  1 2  2.6000E-01 
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* 

* * * * * 

* * 
* * * * 

68478-lan??32&33UC-S * * * 
* 

68478 
52446 
In 
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* * 
* * * * * 
* * * * 
* * * * * * * * * 
* 
* * 

0.000Crut00 0.0000 
0.000mo 0.0000 
o.o00oE+M) 0.0000 
0.000owoo 0 . m  
o.oomEio3 0.0000 
0.0ooocA 0.0ooo 
0.- 0.0000 
0 . m  0.0000 
o.ooooEc00 o.oo00 
0.0000E.100 0.0000 
o.oomEio3 0 . m  
0.oox.EMo 0 . m  
0.OMXTucOO 0 . m  
0 . 0 0 0 ~  0 . m  
0 . m  0.0000 
0.000owoO 0 . m  
o.oomEio3 0 . m  
0.000Crut0& 0.0000 
o.ooooEtO0 0.0000 
0.- 0.0000 
o.oomEio3 0 . m  
0.- 0.0000 
0.oox.EMo o.oo00 
0.owo"& 0 . m  o . m &  0 . m  

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 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

* i 1 i  2 i  3 
1 1.3473EtOl 5.36623+00 0.- 

0.0017 0.0014 O.oo00 * 

* * * * * * * * 
* 

* * * * * * * * 

* * 

i 1 i  2 i  3 
1.43wE-02 1.5236E-03 0.0000EtM) 

0.0207 0.0562 O.oo00 

i 1 i  2 i  3 
1.1ovE-01 7.42573-02 0.- 

0.0055 0.0059 O.oo00 

3 1  
6.38103-01 
0.00ll 
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x 

* 1  l.Ol330E40 0.0000EeM) 0.000m0 0.0000m 0.000w 
* 2  0.000oEeOo 0.000oEiOo 0 . 0 0 0 ~ 0  -2.77563-17 1.07663-01 
* t a  1.OoooEiw) O.OCGOE40 O.M)OOE+OO -2.77563-17 1.07663-01 * 

x 

* 1  4 . 0 2 2 ~  ~ . ~ ~ I E - o I  5 . 3 6 3 4 ~ 2  1.07tim-01 1.636%-I3 
* 2  0.oM)OwM) 0.0000W00 0.000m0 0.0000wo0 0.0~owoO 
* m  4.0221woo 8.38713-01 5.3634E-02 1.0766E-01 1.636%-B * * * . .  ... - rsiioilntlm - ... 
* 

0 
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* * * 

* * * * 

~ ~ ~~ 
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* * 

* * * * * 

* 
* * * 

the olngb fit mefficieats are: 
3.62sE-02 

* 
* 
* * * * 

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

t h e f i t e r x c u j n t h e ~ h x & q l n s r s r y L s 1 . 6 & - 0 1  g = 1  i =  39 
the fit enor ln the 91 tom surce 1s O.OoEt00 g =  0 k =  0 

the onrent fit aefficiats are: 
4.8923-02 2.8553-O3 

~ o f h i s t c a i e s  sim 2Linkcdloilaticn = 11125 

aw. rn. of d / h i s t  = 
CpltirreEqird=' 1.445Eio1s€c 

4.02 
surce p?+de* = 0.6966 

nax surcep?ZJdew&lt = 0.9992 
zsurce-a = 0.0091 

)slance = 3.1093-15 

them3xinUnw-w 0 

theikmt3.cnerxcuintheaagnirghx&qlnsrsryis1.86E-01 g =  1 i =  38 
the ikmt3.cn error in them to sr~ s ~ c e  1s 2.553-01 g = 2 k =  280 

* 

* 
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; t h 2 ~ f i t o c e f f i d a h s a r e :  
5.358E-02 4.6613-03 2.8l2E-04 * 

* rurterofhisfceig, si- 3linkcdloiLaticn = * pl.1timz2eqyrrrlf 7.933EioO S ~ Z  * avg.rn.of - 3.90 * --~+~-IL= OX75 
~suroepxtxlew+ght = 0.0016 
na~suroepaairlewswht = 0.6210 

6w)O 

* e = -5.107E-15 * 
* 

0 

* 
- - iteratirn smmzy for aha: itetatim rn. 1- 

i t e rpzrmor ,€Lux at 

1 6 0.683-03 25, 40 
-Epap - m = h  

* 
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t 
t * * * * 
t * * * * * 
* 

* 
* 
* 
* 
* 

t h e f i t e n O r + n t h e t h e ~ € L u x i s ~ : ~ ~ O ~  g =  1 i =  40 
the fit eaoT m the 91 tom SQare 1s 

the fit rwfficiahs are: 
5.534E-02 5.569E-03 5.3153-04 3.l52E-05 

g =  0 k =  0 

0 

* * 
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* 

- irnzitezatkn 5 u m ~ ~ y  faralter itetatkn ID. 1- 

* * * 

iterwnax& at 

2 9 0.853-03 6, 39 
9”ip T o . % %  2290 

* 
.c 
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* tkanr€ntfitazefficieltsare: t 5.65OE-02 6.32EE-03 8.5803-04 1.214344 

* 1  
* 2  
* t c t  

1.oooOEiCCl 0.000aEt00 0.00wEtoo 7.59ME-01 8.0316E-02 
0.000CIEt00 0.0000Et00 0.- 0.0000EtM) 0.0000EdM 
1.0000Et00 0.0000Et00 0.0000Ee00 7.5904301 8.0316342 

* 1  0.000CIEt00 6.0237!3+00 1.6061E-01 3.03913-05 
* 2  -1.523EE-17 O.COWEtOO 0.0000Ee00 0.0000Et00 
* t a  -1.52383-17 6 . 0 2 3 M  1.606E-01 3.039E-05 

* * * * * 
* * 
* 

i 1 i  2 i  3 
1.626E-02 2.2988E-03 0.000CIEt00 

0.0191 0.0452 0 . m  

i 1 i  2 i  3 
1.3818E-Ol 9.87263-02 O . @ W E i O O  
0.0049 0.0056 0 . m  

left- 
* j 1  * O.oooOEt00 * O.oo00 

* * * 

* i 1 i  2 i  3 
1 51507 152294 0 
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* 
* @ SLlZre fissicnsance insatter self scatter cut scatter rrxlealege 

* 1 1.ECWXZXO O.ooOooOowOO -2.22044603-16 1.6381455E+Ol 4.1635716E-01 3.754355134 
2 0.000000OF&O 0.000OMMWoO 4.1635716E-01 2.1997356Etoo 2.220446oE-E 2.55146993-02 

* tot 1.00OOoOOF&O 0.000ooOowM) 4.1635716E-01 1.858ll9Wl 4.1635il6E-M 4.00950213-01 

op _-' particletalmre rightlm l- ' '11- tcp- v a t x a l  . 1- 

* 
* 
* * 
x 

* 1 2.0818928E-01 1.80549363-05 9.4993408E-03 9.4993408E-03 2.04438403-02 3.65936173-01 
2 3.908425lEOl -1.3126612E-07 8.5466375E-04 8.54663753-04 8.6766648E-04 2.4660035E-02 

tot 5.99031793-01 1.27088583-05 1.0354005E-02 1.03540053-02 2.U11506E-02 3.90596203-01 

* 1 0.0000M)OEt00 3.45492333-01 0.OOM)oOowOO 
* 2 0.000000ClE4tO 2.3792369342 O.OOOOOOowOO 
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*******************m*****t*t***********-~**m**mt****~--***t-- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

*kefstartcoarsenrshkllatEs * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  * 

* * * * 

* definitic: 
abscnp + adsQt + a*j-(left) + a*j+(rirpe) + a * j - O  + a?+(-) 

kalarcs = 1.0 - 
q ( W )  + q(fissim) + irscat + a*j+(left) + a*j-(rirpe) + a*j+(kctm) + a*j-(tcp) 

* r 0 t e : ~ s a m z S a r e i r r l u d e d  intbeolnaas 

* m  
(id 

* 1 1  
* 2 1  
* 3 1  

1 2  
* 2 2  

: 4 1  

* . a 7  

0 
0 
0 

a 
1 
2 

.................................. n&l talancg fa - 1 mt-**tmt***********m-** 

- U l l d  fissim jn- &- & f e w  left i+ le& i- Mtnnii Wtrm i- ml+iplp 
al * p  

0.- 0 . m 0  
8.03163-02 8.03163-02 
1.2787E-ol1.2787E-01 

t i r r e s k t k  
0.- 0.- 
1.74M)Ecoo 8.9445E-M 
1.MTIE.100 5.4415E-01 
9 M93E-03-3.4694!3-18 

I.( && 0.0000EtM) 0.OCXNWXl 0.0000W00 4.1636341 2.08193-01 2.0819E-01 !.! 

&-sa .EzzG- 
1.38l83-01 2.7917E-12 
9.87263-02 l.CI743E-05 
1.0859E-01-6.1885E-06 

o.ooooEto0 
o.00oowoo 
0.OoooEtoo 
3.4549E-011.80553-05 
0.0000W00 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  n&l talmrZs fco: - 2 *f**m***rm***lhhhhmt************** 

e€-= left j+ left j- %tan j+ &&tan j- 
tirresareaturesareaturesareaturesarea Eziz *In& 

(i,j) EZE- - scatter s a t t e r  7 atr _ L  * 1 * 2 * 3 
* 4 1  8.546&04-2.1694E-l9 

&- 

1O.ooOOwoO 0.0000Et00 0.OOOOEVN O.OOOOE+O€l O.WO!MN 0-OOOWO 0.OOOOEVN 0.000QEi00 O.@XOEMO 8.527SM3 4.4409E-16 
10.0000EtM) 0.0000Et00 1.606lE-01-6.4WE-17 1.28lOE-01 1.28lOE-01 5.96993-02 6.8774E-02 0.0000Et00 6.26383-03-5.290lE-07 
1 0.0000EtM) 0.0000Et00 2.5575EO1 3.24123-16 2.Q75E-01 2.6275E-01 7.9703E-02 6.2616E-02 O.OO03300 9.OoOlE-03 1.!337E-06 

* 1 2  5.472oE-04 0.00ooE+oO 
* 2 2  1.4968E-04 o.OO0oEtoo 
* 3 2  1.7lolE-04 0 O O 0 W O  : total 0.0000W00 0.0000Ei00 4.1636001 2.59483-16 3.90843-01 3.9084341 0.0000WM) O.@XX?3GO O.CCOO!MO 2:3792E-02 8.6M12E-07 

8.54663-04-2.16E43-I3 8.619OE-04 O.WooEi00 
***~**************tmmt***** coarse 6 e - - *mt**m*f*mmm**m****** 

&- eff+ve t u r e s a r e j . t u r e s a r e j . t u r e s a r e j . t u r e s ~ ~  +ftj+ leftj- %tanj+ wtanj- 
* 1 10.000CIW00 0.0030EMO 0.OCXNWXl O.O€OlEXM 0.0000EtM1 0.0KOEMO O.Mxx)EIoo 1.- 1.46713-01 2.69383-12 * 10.0000Et00 0 OCXNWXl 16061E-0116061E-012 08410012.08413-01 1.7997EtOO 9.6323E-010 cGlX340 10499E-019 Mo5E-06 
* 3 10.0000W00 0:ooooEcoo 2:5575!2-01 2:5575E-01 3:9062€4l 3.9062E-01 1.1274EiOo 6.06833-01 O:oOaOE+O€l 1:1759?2-01-4:32063-06 
* 4 1  1.03%-O2-3.6863E-18 
* 1 2  1.68083-02 O.OOOiE+OO 

* 3 2  2 055lE-03 0 . 0 0 ~ 0  : trtal 0.oooOwoO 0.OOOOEVN 4.16363-01 4.1636E-01 5.9903E-Ol 5.99033-01 0.0000Et00 O.OoWE+OO l~@NOEtOO 3.69283-01 1.3000E-05 

* 

2 

* 2 2  2.44853-03 0.0000W00 

* 1.0354EM-3.6863F-18 2.UlZ-02 0.0000W00 

... - filertfllJxdtt€n.. 

... interfBce file w.-sms writ-.. 
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* 

*kfy start nnhi5?m*ts; 
m*mhhmf*****m* 

* 
* * * * * * * 

* * * 
* * * * 

* * 
* * * * * 

* * * 

* * 
* * * * 

* * * 

** 
* * * * * * * * 

* * * * 
* * * 

m highlights 

* n  

... ... 
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APPENDIX B: OPERATING SYSTEM SPECIFICS 

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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LIB 

MACRXS 

Most files read or written by TWODANT are in the current UNM 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 

SEARCH PATH 

Current Working Directory (CWD). 

setenv SNXSPATH /usr/tmp/xs 

BXSLIB 

O D N "  

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. 

SNXSPATH, then CWD, but see text below. 

None, the library is contained in the input file. 

GRUPXS I SNXSPATH, then CWD. 
_ _ _ _ _ _ _ _ _ _ _ _  

ISOTXS I SNXSPATH, then CWD. 

XSLIBB I CWD 

Path defined in the code on UNICOS. MENDF binaries 
are unavailable for SUN. 

XSLIB ~ I 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 3-40. 
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INTRODUCTION 

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 equation192 on a generalized quadrilateral mesh. 

TWODANT/GQ is based on the modular construction of the DANTSYSTM 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-dimen- 
sional 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 &E 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-dif€erencing” for solution of the transport equation, 

a diffusion solver that uses the multigrid method: 

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 TWODANT/GQ USAGE 

The documentation described here constitutes a complete manual for the use of the 
TWODANT/GQ 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 sufficient for the 
user familiar with discrete ordinates concepts. Novice users may iind 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 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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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 ‘QETAILS 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 FTELD 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/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 
=EDANT - 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 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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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 interior 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. 

TWODANTIGQ 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. 

TWODANTIGQ 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 TWODANTIGQ, 
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: 

Definition: 

Definition: 

Definition: 

Definition: 

Definition: 

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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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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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 objects. 

Figure 4.2 Examples of Objects 
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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 objects 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 

Finally, components andlor 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 the 
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 
ir- 

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- 
ment, we must thus specify point A first and then point B. If we were 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 counter clockwise direction until arriving at point A. 

Figure 4.5 Example of a Boundary Segment 
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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 infomation also allows checking of the lengths of arrays sup- 
plied in subsequent blocks or those from interface files. 

Block-II contains the geometric information. 

Block-III 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 @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. TWODANTIGQ 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 diagrammed on the following page. 
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Title Line Count 

Title Line(s) 1 
~ 

Block-I 
(Controls and Dims) 

T 

Block-II 
(Geometry) 

T I 
Block-ID 
(Nuclear Data) 

T 

Text cross sections 
(optional) 

Block-IV 
(Mixing) 

Block-V 
(Solver Input) 

T 

Block-VI 
(Edit Input) 

T 

Figure 4.6 TWODANT/GQ Input Order 
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The chapter “FREE FIELD INPUT REFEENCE” starting on page 9-1 is summarized 
here for quick reference. 

There are four basic input quantities in the free field input used in ONEDANT, 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= 0 0 0 1.1 1.1 0 0 0 0 0 

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, al l  of the following 
are valid entries for the number ten: 

10, 1.0+1, lE1,lO.O 

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. 

Comments 

A slash (0 may be used to enter comments in the input stream. After a slash is read, no 
further processing of that card-image is done. 

Ouerators 

Several data operators are available to simplifv the input. 

The data operators are specified in the general form 

n O  d 

where: 

n is the “data numerator,” either an integer or a blank; 
0 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= 0 0 0 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 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 

Operato? Functionality 

nRd 
nId  

nC d 
F d  

nY m 
nLd 

nz 
nS 
nQ m 
nG m 

nNm 

nMm 

nx 

REPEAT the data item d, n times. 
INTFiRPOLATE (linear) n data items between data item d and the next 
data item. 
SCALE (multiply) the n previous entries by d. 
FILL the rest of the data string with the data item d. 
STRING REPEAT. Repeat the previous m strings, n times. 
INTERPOLATE LOGARlTHMICALLY n data items between d and 
the next d. 
ZERO. Enter the value zero n successive times. 
SKIP. Skip the next n data items. 
SEQUENCE REPEAT. Enter the last m entries, n more times. 
SEQUENCE REPEAT WITH SIGN CHANGE. Same as the Q option 
but the sign of the m entries is changed every repeat. 
SEQUENCE REPEAT INVERT. Same as the Q option but the order of 
the m entries is inverted each repeat. 
SEQUENCE REPEAT INVERT WITH SIGN CHANGE. Same as N 
option but the sign is also changed every repeat. 
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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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 p;JT*NMQI 

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 Po source 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 P1 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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/ Title Line Control I 
(316 Format) 
NHEAD,NOTTY,NOLIST 

I I 

/ Title Line(s) I 
(IF NHEAD>O) 

Block-1:Controls & Dimensions 

IGEOM 
NGROUP 
ISN 
NISO 
MT 
NZONE 
IM 
IT 
JM 
JT 

MAXLCM 
MAXSCM 

NOSOLV 
NOEDIT 

NOGEOD 
NOMM 
NOASG 
NOMACR 
NOSLNP 
NOEDTT 
NOADJM 

T 

I 

/ Block-EGeometrv 

XYEPS 

XVERT [-;-I 
YVERT [-;-I 
SMNAME [1;-3 
SMIT [ 1 ;-I 
SMINTS [-;-I 
SMNCORS [-;-I 

SMZONES [-;-I 
sh!IzNAME [1;-1 

OBJECTS [3;-] 

COMPONS [5;-] 

GEOMETRY [5] 

BDRYSEG[5;-] 

SMFNAME [-;-I 
SMFZNAME [-;-I 
OBFNAME [-;-I 
cMFN- [-;-I 
GEFNAME [-I 

T 
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/ Block-IE Cross Sections 

LIB 
valid ODNZNP 

XSLJB 
Isom 
GRUPXS 
BXSLIB 
M A C .  
MACBCD 
XSLJBB 
0ocal)MENDF 
(l0cal)MENDFG 
alternate XSLIB name 

WRIThIXS 
valid MACBCD 

XSLJBB 
XSLJBF 
XSLJBE 

LNG 
BALXS 
NTICHI 
CHIVEC WGROUP] 
LIBNAME 

Rest of  this block is needed only for text 
libraries. 

MAXORD 
IHM 
IHT 
M S  
IEIDO 
ITrrL 
I2LP1 
SAVBXS 
KWIKRD (default: 1) 
NAMES WSO] 

NTPI pnSO] 
VEL [NGROUP] 
EBOUND [NGROUP+l] 

EDNAME @HT-31 

T 

iff LIB= ODNINP, insert 
ASCII text cross sections here 

I I 

Block-IV: Mixing 

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

PREMM [-;-I 

ASGMOD [-;-I 
CMOD 

MATNAM FIT] 
ZONNAM [NZONEI 
MATSPEC [-I 
valid ATFRAC 

WTFRAC 
ATDEN 

T 

Block-V Solver 

IEVT 
ISCT 
ITH 
IBL 
IBR 
IBT 
IBB 

EPSI 
IITL 
IITM 
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 p,JT] 

DENX [IT], DENY[JTI 
-or- 

Solver (continued) / 

-- Flux Guess ----- 
INFLUX 

IPVT 
PV 
EV 
EVM 
XLAL4 
XLAH 
XLAX 
POD 
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Solver (continued) 

---Volumetric Source---- 

INSORS 

SOURCE [NGROUP;NMQI 
-or- 
SOURCX p,NMQI and 
SOURCY [rn,NMQI 
-or- 
SOURCE [NGROUP;NMQ] and 
SOURCX p,NMQI and 
SOURCY [rn,NMQI 
-or- 
SOURCF ClT3T*NGROUP*NMQI 
-or- 
SOURCE [NGROUP;NMQI and 
SOURCF p,JT*NMQ] 

----Boundary Source----- 

SILJEFT [NGROUP;JTl 
SIRITE [NGROuP,JTl 
SIBOTT [NGROUP;ITl 
SITOP [NGROuP,IT] 
-or- 

SALEFT m*2;NGROUP*JTl 
SAFSTE m*2;NGROUP*JTl 
SABOTT m*2;NGROUP*ITl 
S H O P  @4h4*2;NGROUP*ITl 
-or- 

BSLFTG [NGROUP] 
BSLJ??X [JT] 
BSLFTA W * 2 1  

BSRITG [NGROUP] 
BSRITY [JT] 
BSRITA m*2] 

BSBOTG [NGROUPI 
BSBOTX F] 
BSBOTA m * 2 1  

BSTOPG [NGROUP] 
BSTOPX IJT] 
BSTOPA W * 2 1  T 

Block-VI: EDIT 

PTED 
ZNED 

POINTS [K], &*JT 
EDZONE prJT1 

EDXS E], K<NEDT 
RESDNT 
EDISOS [K], -SO 
EDCONS E ] ,  -SO 
EDMATS [K], I<IIVIT 
XDF F l  
YDF [JTI 

RSFE [NGROUP;-] 
RSFX py-] 
RSFY [JZ-] 
RSFNAM [-I 

ICOLL E], -GROUP 
IGRPED 

MICSUM [-3 
IRSUMS [-I 

MASSED 

POWER 
MEVPER 

RzFLm 
RZMFLX 
EDOUTF 
BWOLP 
AJED 
FLLJXONE 

P R P L r n  

T 
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TWODANT/GQ INPUT DETAILS 

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. 

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-11 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-11 input may be omit- 
ted. 

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. 

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. E 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 may be entered 
for an array. You will frequently find switches where the input is the digit 0 or the 
digit 1. This will be represented by O/I 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 MA” array, the style in 
the template tells the user what is expected. E 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 Control 
(format 316) 
{Required} 

Word Name Comments 

m A D  Number of title lines that followa 

N O a Y  Suppress output to on-line 
terminal? 
0/1= no/yes 

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

user 

text 

I' 
a. Follow this control line with NHEAD title lines containing descriptive comments. 

Format is 12A6. 

~ ~ 
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Dimensions 
{Required} 

Name Comments 

IGEOM 

NGROUP 
ISN 

NISO 
MT 
NZONE 
IT 

JT 

Geometry: 106/107 = generalized x-y/r-z 
or use one of the following character strings: 

X-Y-GQ, R-2-GQ 
Number of energy groups. 
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.) 
Number of physical isotopes on the basic input cross-section library. 
Number of physical materialsa to be created. 
Number of geometric zonesb in problem. 
Number of mesh intervals in the x (or r) direction in the largest 
submesh. 
Number of mesh intervals in the y (or z) direction in the largest 
submesh. 

I '  I1 

a. Material is defined on page 4-53. 
b. Zone is defined on page 7-13. 

TWODANT/GQ USER'S GUIDE Version 3.0 4-37 



Storage Requirements 
{Optional) 

Name Comments 

MAXSCM 
MAXLCM 

Length of SCM desired (default4000010) 
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 “PECEWISE EXECUTION” on page 13-19. 

Run Configuration Controls 
{Optional) 

Name Comments 

NOSOLV 
NOEDIT 
NOGEOD 

NOMIX 

NOASG 

NOMACR 

NOSLNJ? 

NOEDTT 

NOADJM 

Suppress solver module execution. 0/1 = no/yes. 
Suppress edit module execution. 0/1 = no/yes. 
Suppress writing GEODST file even though the geometry input 
(Block-]I) may be present. 0/1 = no/yes. 
Suppress writing mixing files even though the mixing input in 
Block-IV may be present. O/l  = no/yes. 
Suppress writing ASGMAT file even though the assignment input 
in Block-IV may be present. 0/1 = no/yes. 
Suppress writing the MACRXS file even though both Block-.lII 
and Block-IV may be present. 0/1 = no/yes. 
Suppress writing the SOLINP file even though Block-V may be 
present. O/l  = 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. O/l = no/yes. 

Note: Default on all these controls is no. 

~ 
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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 

XYEPS Spatial resolution. E 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. 

I' I1 

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 may be 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 interface file 
GEODST. See note on units on page 4-35. 
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Submesh Definitions 
{Required} 

Name Comments 

WERT [-;Na] List of the x coordinates of all the vertices in each 
submesh. 

YVERT [-;NJ 

SMNAME [1;N 
(optional} 

{optional } 
SMIT mpl 

SMINTS [-;NJ 
(optional”} 

SMNCORS [-;Nl 
{optional} 

List of the y coordinates of all the vertices in each 
submesh. Must be the same number and order as in 
XVERT. 
Name (up to 8 characters) of each submesh. 
(default names = submshl, submsh2, etc.) 
Row length (in number of intervals) for each submesh. 
Presence of this input indicates order and a rectangular 
structure in the XVERT and W R T  arrays. The first 
(SMtTi+l) vertexes are the vertexes along the (logical) 
bottom of the first 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. 
Individual mesh interval definitions for the intervals 
within 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. 
Number of vertexes surrounding each interval within 
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 
directly entered by the user. In our notation, this would normally be shown as a hyphen, but we give it 
a name here to 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 w;NSMZ] 

SMZNAME [l;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-11 of the TWODANT input. However, it is all 
one string for a submesh and not a string per row. 
This array defines the mesh intervals to which cross- 
section materials are assigned. The zone numberb 
must not be greater than NZONE. 
Name (up to 8 characters) of each zoning. 
(default names = zoningl, zoning2, etc.) 

a. The number of entries in the string must fit some submesh, i.e., the number must match the number of 

b. A zone number of zero indicates the mesh contains a void, and no cross section will be associated 
intervals described in some submesh definition. 

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: 

objectname submeshname zoningname ; 

where - objectname is the name of the object being 
defhed, submeshname is the name of a submesh from 
one of those in the S M N W  array, and zoningname is 
the name of the zoning from one of those in the 
SMZNAME! array. 

a. In the special situation where the only zoning in the input fits the only submesh in the input, a default 
object with the name “object” will be constructed by the code. 
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Component Definitions 
{Optional} 

Name Comments 

COMPONS [6a;NC] For each of the NC components, enter the following 
string: 

objectname x y 0 xt yt ; 

where - (x,y) are the coordinates of a center of rotation 
in the object named objectname. 0 is the number of 
degrees to rotate the object clockwise. xt 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 8 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: 

componentname name1 X I  y1 01 xtl ytl 

xt3 Yt3 
name2 x2 Y2 e 2  xt2 Yt2 name3 x3 Y3 03 

0.0 * 

where - namei may be either an object name or a 
component name and *** signifies possible 
continuation of the pattern. 

I' 
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 have n 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 

II GEoMETRy [51 
For the geometry enter the following sequence: 

where - (x,y) are the coordinates of a center of rotation 
in the object or component named name. 0 is the 
number of degrees to rotate the objectlcomponent 
clockwise. xf  and y f  are distances to translate the 
rotated objectkomponent 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 object/component. 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: 

name1 X I  Y I  01 X f I  Yf I  name2 x2 Y2 02 
X f 2  Yf2 name3 x3 Y3 03 X f 3  Y f3  ... ; 
where - namei may be either an object name or a 
component name and 0.. 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. 
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Boundary Conditions 
{Optionala} 

Name Comments 

3DRYSEG [5b;NBD] For each of the NE3D boundary segments' enter the 
following string: 

where - (xl, y l )  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 Lf 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., 0 = 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 (Le., 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. 

a. If not entered, code will look for IBL, IBR, IBT, andlor IBB in the Block-V (solver) input. If none of 

b. The string length will be 6 ifib=7 or ib=8. 
c. Boundary segments have sense. In traveling from point 1 to point 2 along a segment, the interior will 

them is present, the default will be vacuum all around. 

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 
OBFNAME Long name for objects 
ChENAME Long name for components 
GEFNAME 

Long name for submesh zonings 

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 input, they must 
be the short names. As with short names, names with embedded blanks may be used if 
they are double quoted. 

TWODANT/GQ USER'S GUIDE Version 3.0 4-45 



?WODANT/GQ INPUT DETAILS 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 
ISOrXSb 

XSLIB 

ODNINP 

GRUPXF 
BXSLIB 

XSLJBB 

MACBCD 
MENDF 

MENDFG 

other 

Description 
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 
SOLVER module, SNXEDT for EDIT module. 
These files were created in a previous run. Under 
this option, any remaining Block-DI input and, 
unless otherwise specified in Block-I, any 
PREMIX and MATLS input in Block-IV will be 
ignored. 
See “XSLIBB Card-Image Library File” on 
page 10-12. 
ASCII form of MACRXS file. 
(LANL only) See “The Los Alamos MENDF5 
Cross-section Library” on page 10-13. 
(LANL only) See “The Los AIamos MENDF5G 
Gamma Cross-Section Library” on page 10-14. 
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. 

WRZTMXS 
{optional} 

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

~ ~ ~~~~ 

Name Comments 
Word Description 

LNG 
{optional} 
BALXS 
{optional} 

NTICHI 
{optional 

c m c  
[NGROUr] 
{optional} 

MACBCD 

XSLJBB 

XSLJBE 

XSLlBF 

Creates the cross-section file named MACBCD, 
an ASCII image of the MACRXS binary file. 
Creates the cross-section file named XSLIBB, an 
ASCII image of the BXSLlB binary file. 
Creates the cross-section file named XSLlBE, an 
ASCII file derived from, and corresponding to, 
the MACRXS binary file. XSLIBE is in Los 
Alamos 6E12 format @IDO=O). 
Creates the cross-section file named XSLIBF, an 
ASCII file derived from, and corresponding to, 
the MACRXS binary file. XSLlBF is in €?DO 
fixed-field format (IFJDO=l). 

Number of the last neutron group in a coupled neutron-photon 
library. Used only to separate neutrons from gammas in the edits. 
cross-section balance control. Enter one of the following values: 
WARNING See page 10-21 before using! 

Value 
-I 

0 

Description 
balance cross sections by adjusting absorption 
cross section. 
do not balance cross sections. (default) 

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

m N D F  fission fraction to be used for the problem (LANL only). 
1 / 3  = Pu239AJ235AJ238 (default is U235). Will be overridden 
by any CHNEC input described below or by any zone-dependent 
CHI in input Block-V. 
Chi vector (fission fraction born into each group). Used for every 
isotope. Will be overridden by any zone dependent CHI input in 
B lock-V. 

a. On UNIX systems, the user may specify a search path for some of these liles 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 ovemde by setting I2LPl=1. See ‘Text Cross-Section Library Format” on page4-50. 
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 MACRXS library contains “material” cross sections; all 

the other libraries contain “isotope” cross sections. 
e. See “COUPLED NEUTRON-GAMMA CROSS SECI’IONS” 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 4.1. 

I 

The entries in the LIB input variable normally dictate both the form and the name of the 
cross-section library. Jf 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 1 LIBNAME AVAILABLE? 

MACRXS I No 

GRUPXS I Yes 

ODNINP I No 

MACBCD I No 

XSLIBB I No 

other I Ignored 

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 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 

W O R D  
IHM 

IHT 
IHS 
{optional} 
IFID0 
{optional} 

ITITL 
{optional} 
r2LPl 
{optional} 

SAVBXS 
{optional} 

KWIKRD 
{optional} 

NAMES N S O ]  
{optional} 

EDNAME [PIT-31 
{optional} 

NTPI [NISO] 
{optional} 

VEL [NGROUP] 
{optional} 

EBOUND pJGROUP+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 = IJ3" + 1). 
Format of the cross-section library. 
-1/0/1/2 = Precision(4El8)/Los Alamos(6E12)/fixed- 
field FTDO/free-field. 
A title line precedes each table. O/I = 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 
XSLTB or ODNINP for use in a subsequent run. 
Saved on i%le BXSLIB. O/I = no/yes. 
Process fixed-field FCIDO-format, 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: ISO1, 
IS02, . . . 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=WORD+l in all 
positions). 
Speeds for each group. Needed only for alpha 
calculations. 

Energy boundaries for each group. 
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ASCII text libraries may be entered in one of the four forms indicated by the IFDO 
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 al l  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 o ~ + ~  such as ~ ~ + l + ~  are upscattering terms and the terms to 
the right of o ~ + ~  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 ANISM 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 T in the character position. No array identifier should be used. This format also 
restricts the usable input operators to T, *, R, -, +, and 2. 

In the free field form, entries do not have to be in designated columns. Rather, the rules 
specified in the chapter “FREE m L D  INPUT REFERENCE’ starting on page9-1 
apply. Each table in this form is also terminated with the character T. No array identifier 
(Le., array name with appended equals sign) should be used. 
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A short summary of the primary mixing mays, 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 

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

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, qg. In common usage, for the first level of mix- 
ing, qg 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 mix- 
ing, 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 Eg is for that level. A more complete discussion of mixing will be found in 
the chapter ‘“ElUAL MMING TUTORIAL” starting on page 11-1. 

k 

i =  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. 

I 
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Primary Mixing Arrays 
{Required} 

Name Description 

MATLSa [-;MT] Instructions for miXing “isotopes” or premixes into 

 ASSIGN^ 
“materials.” See details below. 
Assignments of materials to geometric zones. See below. 

[-;NZONE] 

PREMIX [-;-I 
{optional} 

Instructions for mixing “isotopes” into premixes. See below. 

a. The information entered in the MATLS= array is written to the CCCC standard interface files NDX- 

b. Information entered in the ASSIGN= array is written to the code-dependent interface file ASGMH‘. 
SFW and ZNATDN. 

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 MA’ array. Materials are then 
assigned to zones using the ASSIGN array. 

MATLS inmt arrav 

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

MATLS= matl compl denl, comp2 den,, ... etc .... ; 
where mat1 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], den2, and so on. Additional materials @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 4-58). 

Short form: MA’S= 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 den,; ... etc. ... ; 

ASSIGN inmt arrav 

The general form of the ASSIGN instruction is shown below: 

ASSIGN= zone1 matl vol1, mat2 v012, ... etc. ... ; 
where zone1 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, vol2, 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= MTLS 

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=MTLS can not be used if you intend to use the 

ASGMOD input array described later in this section. 

PREMIX inmt 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 compl den], comp2 den2, ... etc. ... ; 
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where tnzutl 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, den], 
den,, and so on. Additional temporary materials (Le., tmat2, tnzut3, and so on) may be 
defined in subsequent strings. A component may be 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 h4ENDF 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 [-;-I C1 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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ASGMOD inmt 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 @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) + Ci(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. 

C1(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 mat, vol,, mat, vol,,, ... etc. ... ; 
where zone is the character name of any zone in the problem, mat,, mat,, and so on are 
the character names of any of the materials that will be present in this zone, and vol,,,, 
vol,, and so on are the C1 values for respectively, mat,, mat,, 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. 

I’ I1 
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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 l3rr] 

ZONNAM  ZONE] 

MXTSPEC [SMT] 

ATWT [‘2b*MSO] 
{required } 

Character material names for Materials. Used only if 
the mat1 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. 
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 atoniic densities, atomic fractions, 
and/or weight fractions. 
Allowable entries are the words: 

ATDENS (default) atomic densities 
ATFRAC atomic fractions 
W F R A C  weight fractions 

Can be input as a vector with up to MT entries (one for 
each Material) [See “Using Atomic Fractions or 
Weight Fractions WTSPEC)” 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=ATFRAC or WTFRAC, atomic weights 
must be available to the code. Entries for the ATWT 
array are made in pairs, as follows: 

ATWT= is01 atwtl is02 atwt2 .... 
where iso, is the isotope name (identifier) for isotope n 
on the cross-section library and atwt, 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 MATSPEC=AIFUC or WTFRAC and atomic weights are not available from the input 

library. 
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Desired Calculation 
{All Optional} 

IEVT 

ISCT 
m 
IBLa 
IBR 
IBT 

IBB 

Calculation type: Enter one of the following values:. 

Name Comments 

a. These are the boundary conditions on the side of the logical mesh, not the physical side. To use a 
boundary condition on a physical boundary7 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-II where the boundary conditions are given by the BDRYSEG array. 

Value 
0 
1 
2 
3 
4 

Calculation Desired 
inhomogeneous source (default) 

a (time absorption) search 
concentration search 
dimension search 

keff 

Legendre order of scattering (default=O). 
0/1= direct/adjoint calculation (default=O). 
Left boundary condition. 0/1/3 = vacuum/reflective/white. 
Right boundary condition. OW3 = vacuum/reflective/white. 
Top boundary condition. 
white. 

0/1/2/3 = vacuum/reflective/periodic/ 

Bottom boundary condition. 0/1/2/3 = vacuum/reflective/periodic/ 
white. 
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Iteration Controls 
{All Optional} 

Name Comments 

EPSI Convergence precision (default=0.000 1). 
IrrL 
IITM Maximum number of inners allowed when near fission source 

OITM 

Maximum number of inner iterations per group at first (default=l). 

convergence (default chosen by code). 
Maximum no. of outer iterations (default=20). 

Output Controls 
{All Optional} 

Name Comments 

FLUXP Final flux print. O/lD = no/isotropic/all moments. 
XSECTP Cross-section print. O/lD = no/principal/all. 
FISSRP Fission source rate print. 0/1 = no/yes. 
SOURCP 
ANGP 

Source print. 0/1/2/3 = no/as inputhormalizeclhoth . 
Print the angular flux. O/l  = no/yes. CAUTION! this is very LARGE 
output. ANGP=l will also cause the W X M  or AAFLXM file to 
be written. 
Prepare angular flux file (RAFLUX or AAFLUX). O/I = no/yes. 
Prepare flux moments file (RMFLUX or AMFLUX). O/l  = no/yes. 

RAFLUX 
RMFLUX 
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_- 

Miscellaneous Solver Input 
{ 0 pt i o nal} 

Name Comments 

TRCOR 

NORM 

BHGT 

CHI [NGROUP;M] 

DEN pT;JT] 
or 

DENX [IT]‘ 
and/or 

Apply transport correctiona to cross sections on MACRXS 
file. Enter one of the following words: 
Word 
DIA 
BHS 
CESARO 
NO 

Descriution 
Use diagonal transport correction 
Use Bell-Hansen-Sandmeier correction 
Use Cesaro “correction” 
(or omit entry) don’t apply correction 

Normalize the fission source rate to this value when 
IEVT21 or normalize the inhomogeneous source rate to 
this value when IEVTd. NORM=O means no 
normalization. (Integral of source rate over all angle, space, 
and energy = NORM, except for kgproblems where the 
integral is equal to NORM*kef) Any fluxes printed here 
(i.e., caused by setting E U X P  nonzero) will be normalized 
consistently with th is  source rate. 
Buckling height to use to correct for leakage. Units are 
centimeters if macroscopic cross section is in cm-l. 
Ignored if r-z. 
Fission fraction born into each groupb. Enter by zone up to 
M zones. Succeeding zones (Le., zones M+l through 
NZONE) will use the CHI values from zone M. 
Density factor to use at each fine mesh point. 

Density factor to use at each fine x-mesh (or r-mesh) 
(default= 1). 

DENY [JT] Density factor to use at each fine y-mesh (or z-mesh) 
(default= 1). 

a. For more information, see “Transport Corrections for the Cross Sections ( TRCOR )” on page 7-31. 
b. This input will ovemde any previous CHI from earlier blocks or from any cross-section library which 

contains CHI. 
c. In t h i s  second form, the density factor DEN(i,j,k), at mesh interval (ij,k) is computed as follows: 

DEN(ij) = DENX(i)*DENY(j) 
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Quadrature Details 

Name Description 

SFWSN [NGROUP] Sn order to be used for each group. 

[QUAD 

WG'I? wb] 
{optional} 
MUMMI 
{optional} 

ETA w 
{optional} 

Source of quadrature constants. Enter one of the 

Value DescriDtion 
following: 

-3 
-2 

I 

2 

Get constants from SNCONS file. 
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. 

Quadrature weights. 

Mu cosines. 

Eta cosines. 

a. Presence of the WGT, MU, and ETA arrays overrides the IQUAD input. 
b. MM=ISN*(ISN+2)/8 for iquad = -2,l. 

MM = (ISN/2)**2 for iquad = 2. 
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Flux Start 
{Optional} 

Name Comments 

INFLUX 011 = no/yes Read flux start from the RTFLUX file? 

a. There is presently no ASCII text input flux guess available for ‘IWODANT/GQ. 

General Eigenvalue Search Controla 
{ IEVT >I} 

Name Comments 

IPVT Type of eigenvalue to search for in a concentration or dimension 
search. O/ID = none / &E/ a. (default = 1). 

II pv 
Value of k e ~  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). 
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 = lO*EPSI). 
Parameter oscillation damper. (default=l .O). 

XLAL 
XLAH 
XLAX 

POD 

a. See “Eigenvalue Searches” on page 7-33 for deiinitions 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 keg or a 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} 

Name Comments 

XM 
YM [JM] 

x-dimension fractional change per mesh interval (or r). 
y-dimension fractional change per mesh interval (or z). 

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+l,j)k+l = XVERT(i,j)k + 
{XVERT(i+l,j)-XVERT(i,j)} * [l.O+EV*XM(i)] i = 1, 2, ...., IM, j = 1, 2, ...., JM 

YVERT(i+l,j)k+l = YVERT(i,j)k + 
{YVERT(i+l,j)-YVERT(i,j)} * [l.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. With proper choice of the XM(i), and YMQ) 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 

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

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

Option 1: 
SOURCE [NGROUP; NMQI 

Option 2: 
SOURCX F;NMQIb 

SOURCY [sT;NMQI 

Source spectrum for each of NMQa 
moments. (Spatial distribution is assumed 
to be flat with value unity) 
(input both arrays) 
x (or r) spatial distribution for each 
moment. 
y (or z) spatial distribution for each 
moment. 

(Spectrum is assumed -3 be flat with value unity) 
Option 3: 
SOURCE [NGROUP; NMQI 
SOURCX F;NMQ] 

SOURCY [JT;NMQI 

Option 4: 
SOURCF mJT*NGROUP*NMQ 

Option 5: 
SOURCE [NGROUP; NMQI 
SOURCF p, JT*NMQ] 

(input all three arrays) 
Source spectrum. 
x (or r) spatial distribution for each 
moment. 
y (or z) spatial distribution for each 
moment. 

Spatial distribution for each row, group, 
and moment. 
(input both arrays) 
Source spectrum. 
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 P, expansion of the source; e.g. NMQ must equal 1 for Po, 4 
for PI, 9 for Pz, 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 spectrum, SOURCE(g,m), and the 
spatial distributions SOURCX(i,m), SOURCY(i,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) = SOvRcE(g,m)*SOURCX(i,m)*SOURCY~,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. 
SILEFT mGROUP;JT] Isotropic source on the left side. 

(Spectrum at each y mesh interval) (or z). 
SIRlTE mGROUP;JT] Isotropic source on the right side. 
SlBOTT [NGROUP;IT] Isotropic source on the bottom side. 
SJTOP [NGROUP;IT] Isotropic source on the top side. 

Option 2: Full Angular Boundary Source.a 
SALEFT m*2b;NGROUP*JT] 

SARI’IE m*2;NGROUP*JT] 
SABOTT w*2;NGROUP*IT] 
SATOP m*2;NGROUP*IT] Angular fluxes on the top side. 

Angular flux on the left for each angle, 
group, and y (or z) mesh interval. 
Angular fluxes on the right side. 
Angular fluxes on the bottom side. 

a c  d 

Spectrum on left side. 
Spatial distribution on left side. 
Angular distribution on left side. 
Spectrum on right side. 
Spatial distribution on right side. 
Angular distribution on right side. 
Spectrum on bottom side. 
Spatial distribution on bottom side. 
Angular distribution on bottom side. 
Spectrum on top side. 
Spatial distribution on top side. 
Angular distribution on top side. 

Option 3: Boundary Source From Vectors. 
BSLFTG [NGROUP] 
BSLFTY [JT] 
BSLFTA m*2] 
BSRITG mGROUP] 
BSRITY [JT] 
BSRITA m * 2 ]  
BSBOTG [NGROUP] 
BSBOTY p] 
BSBOTA m * 2 ]  
BSTOPG mGROUP] 
BSTOPY p] 
BSTOPA m * 2 ]  

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): 

d. Any vector not entered explicitly is defaulted to unity. 
S(m,gj) = BSLFTG(g)*BSLFIY(j)*BSLFTA(m) 
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Edit Spatial Specifications 
{Requireda} 

Name Comments 

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

II -D 
Do edits by zone. 
SOLVER zone. See EDZONE input below). 

0/1 = no/yes. (i.e., edit zone, not 

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

EDZONE mJT] Edit zone number for each fine mesh interval. USED 
{optional} ONLY IF ZNED=l. (default= SOLVER zones, see 

SMZONES array, Block-II on page 4-41). 

points). 

I1 

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 [ m D T ]  
{ requiredc} 

RESDNT 

EDISOS [SNISO] 

EDCONS [SNISO 

EDMATS [IMT] 

xD@ F 1  
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 4-70 or ‘‘MEmF 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. 
Do edits using the resident macroscopic cross section at 
each point. O / l  = no/yes. 
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). 
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). 
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). 
Fine mesh density factors for the x (or r) and y (or z) 
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” 

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 andlor YDF arrays as well. The density factor at 
mesh interval (ij) is computed as: 

grouping must be input in order to produce reaction rate edits. 

XDF(i)*YDF(j) 
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Edit Cross-Section Types by Position and Name 

CROSS-SECTION INPUT VIA ISOTXS 
or GRUPXS 

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.. 

CROSS-SECTION INPUT VIA ASCII 
TEXT 

not used 
nu-fission 
total 
absorption 

2 
3 

lb 

N=lHT-3 

EDIT 
Position 

1 
2 
3 
4 
5 
6 
7 

4+N 

Name 
CHI.. . . . 
NUSIGF.. 
TOTAL.. . 
ABS..... 
EDIT1 ...c 
EDIT2.. . 
EDIT3.. . 

ED ITN... 

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 JHT-3 in the 

c. These are the default names that may be overridden with the user-option names in the EDNAME, array 
cross-section library are EDIT cross sections chosen by the user. 

of Block-III. 
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Reaction Rates from User Response Functions 
{ 0 p t i o n a la} 

Name Comments 

RSFE [NGROUP;M] 
{required} 

RSFX [rr;MIb 
RSFV [JT;M] 
{optional} 

RSFNAM M] 

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 
NGROUP entries beginning with group 1. 
Response function x (or r) distribution for M functions. 
Response function y (or z) distribution for M functions. 
The above data are entered as M strings of IT or JT 
entries beginning with mesh point 1. (default=l.O). 
Character names for the user-input response functions 
specified above. (default = RSFP1, RSFF2, ... RSFPM). 

a. But either something in this grouping or in the "Reaction Rates from Cross Sections" grouping must 

b. The M-th response function at space point (ij) and energy group g is computed as: 
be input in order to produce reaction rate edits. 

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

Name Comments 

ICOLL [NBG] 

IGRPED 

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). 
Print option on energy groups. Enter one of the following 
values: 
Value Description 

0 
1 Print broad groups only 
2 
3 

Print energy group totals only 

Print broad groups only (same as 1) 
Print both broad groups and totals 
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Reaction Rate Summing 
{ 0 pt i o n a I} 

Name Comments 

MICSUM [c500 sums] 

R S U M S  [<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 0 (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). 
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 0 (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 
{ 0 pt io n a I} 

Name Comments 

MASSED Calculate and print mass inventories by zone. 0/1/2/3 = none/ 
solver zones/edit zoneshoth (default=l). This option is active 
only if atomic weights are present. See ATWT on page 4-58. 
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Power Normalization 
(0 pt ion al) 

Name Comments 

POWER 
{required} 

MEVPER 
{required} 

Normalize to POWER megawatts.a 

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

For the power calculation, TWODAN"/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 'lLpes by Position and Name" on page 4-70). 
But if one uses an ASCII text library, either ODNINP or XSLIB, 
then the name N-F'ISS 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 an adjoint run. 
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Miscellaneous Edit Items 
{Optional} 

Name Comments 

RZFLUX 

RZMFLX 

E D O W  

BYVOLP 

AJEDd 

FLUXONE 

Write the CCCC standard zonea flux file RZFLUX or AZFLUX. 

Write the code-dependent zoneb flux moments file RZMFLX or 
A Z M F L X .  
O/I =no/yes. 

ASCII output files control. Enter one of the following values: 
Value Descriution 

O/I = no/yes. 

-3 

-2 
0 Write neither file. (default). 
I Write EDTOUT file. 
2 
3 

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

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. 
O/I =no/yes. 
Regular (forward) edit/Adjoint edit. Regular edit uses the 
RTFLUX scalar flux file; adjoint edit uses the ATFLUX flux file. 
O/I = reguladadjoint. 

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

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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Special Plot Linkage 
(Optional} 

Name Comments 

PWLTED Write an ASCII file of the pointwise reaction rates to link to the 
TECPLOTO plotting package available commercially for a 
SUN workstation. 

0/1/2/3 = print only/nothing/tecplot fileboth 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 TEEPLOT@ 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 TECPLOTO preprocessor. 

If option 0 (print only) is chosen, no TECPLOTO 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 

CHI 
NUSIGF 
TOTAL 
ABS 
MEND1 
MEND2 
MEND3 
MEND4 
MENDS 
MEND6 
MEND7 
MEND8 
MEND9 
MEND10 
N-FISS 
MEND12 

MEND13 

fission spectrum 
effective nu-sigma-fission 
Total cross section 
absorp tiona 
elastic scattering 
inelastic scattering 
n,2n scattering 
nY3n scattering 
gamma production 
alpha production 
proton production 
direct fission 
second-chance fission 
third-chance fission 
C(n,F) = (n,f) + (wm + (aNl  

prompt fission spectrum 
(only for fissionable materials) 
total fission spectrum 
(only for fissionable materials) 

a. 0, for group g is defined as CY, = CYt - Os ~ g, 
g' 

When using the Los Alamos MENDFS 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. 

TWODANT/GQ USER'S GUIDE Version 3.0 4-77 



TWODANTKQ INPUT DETAlLS Block-VI Details: Edit Input 

4-78 TWODANT/GQ USER’S GUIDE Version 3.0 



REFERENCES 

1. G. I. Bell and S .  Glasstone, “Discrete Ordinates and Discrete SN Methods,” in 
Nuclear Reactor Theorv, (Van Nostrand Reinhold, New York, 1970), Chap. 5, 

B. G. Carlson and K. D. Lathrop, “Transport Theory-Method of Discrete Ordinates,” 
in Computing Methods in Reactor Phvsics, H. Greenspan, C. N. Kelber and D. Okrent, 
Eds. (Gordon and Breach, New York, 1968), Chap. III, p. 185. 
R. D. O’Dell, “Standard Interface Files and Procedures for Reactor Physics Codes, 
Version IV,” Los Alamos Scientific Laboratory report LA-6941-MS (September 
1977). 
R. E. Alcouffe, “Diffusion Synthetic Acceleration Methods for the Diamond-Differ- 
ence Discrete-Ordinates Equations,” Nucl. Sci. Eng. 64,344 (1977). 

pp. 232-235. 
2. 

3. 

4. 

5. R. E. Alcouffe, “The Multigrid Method for Solving the Two-Dimensional Multigroup 
Diffusion Equation,” Proc. Am. Nucl. SOC. Top. Meeting on Advances in Reactor 
Computations, Salt Lake City, Utah, March 28-31,1983, Vol. 1, pp. 340-351. 

6. 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). 

7. W. W. Engle, Jr., “A USER’S MANUAL FOR ANISN, A One Dimensional Discrete 
Ordinates Transport Code With Anisotropic Scattering,” Union Carbide report K-1693 
(March 1967). 

TWODANTKQ USER’S GUIDE Version 3.0 479 



REFERENCES 

4-80 TWODANT/GQ USER’S GUIDE Version 3.0 



APPENDIXASAMPLEINPUT Sample Problem: Supercell keff Calculation 

APPENDIX A: SAMPLEINPUT 

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 

Figure 4.7 Hypothetical Supercell Geometry 
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Sample Problem: Output Description 
. -- " IXx r----" 

Î ___x----* 

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 SMlT 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 midplane 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 instantiations of each object are used to form each full component, 
one of them being first 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 instantiations of the fuel component and three instantiations 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. 

4-82 TWODANTIGQ USER'S GUIDE Version 3.0 

__ 



APPENDIX A SAMPLE INPUT Sample Problem: Output Description 

After we finish with the geometry description, we describe the cross-section library in 
Block-m. Po cross sections for each isotope are entered in the input stream after 
Block-m. 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 CTRTXOOL 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 libr ary...” 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 “* ...p arameters 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 corners. 

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 1.0-sourcesflosses. 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 106for 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 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) 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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* * * * * m h t * * * * * * * * m * * * h t * * * * * * h l * * * t * m m * * m m  
* * * * * f * * * * * * * * * * * * m * * * m * * * * * * * * * m * * * t *  * * * e irplt m&Ie nm cn 03/17/95 with sdlver Wrsicn 01-04-95kta- rel- 3.0 nachine e 

*****m***********tf********m***m****m*********m***~**************-~***~m***m*~**** * **********m*t*****mt***m*mtc**m****H*t*+* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

mn 

22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
2: % tcD half of * mh2dl a s s s I b l Y  ** 

4.600 
4.424 
4.536 
4.595 
4.503 

+1.000 
4.500 
+Loo0 
4.500 
4.500 

+1.400 
+1.293 
4.990 
+LEO 

+1.500 
+1.500 
+1.500 
+1.250 
+1.000 

+2.300 
+2.222 
+1.992 
+LQ6 
+l.MO 

+2.000 
+2. MO 
+2.000 
+1.750 
+LMO 

4.000 
+3.500 
+3.Oo0 
+2.500 
+2.000; 

4.000 
+3 .m 
+3.W 
+2.500 
+2.000; 

7. 9ro - 
E. 4 . 8 6 6  4.595 4.536 4.424 0.600 4.424 4.536 4.595 4.866 

3 
3i. 

40. +2.598 +l.Q6 +1.992 +2.222 2.300 +2.222 +1.992 +1.&6 +2.598 
39. +L%i +I.& 4.990 +1.293 1.400 + i . m  4.990 +LEO +i.m 
41 9r3.464- 

43. 9ro 9r 0.866 9r 1.732 9r  2.598 9r 3.464; 

45. alraFs= 
46. 6 5 4 3 3 4 5 6  6 5 4 4 4 4 5 6  6 6 x 5 6  8r6; 
47. 1 6 r 2  1 1 6 r 2  1 3rl 2r2 3 r l  8rl; 

42: f * * t & h d f O f t h e M ~ Y * *  

44. amran= pgchrl; pgfuel; / z m i w -  

51. axais= 
53. dJpzl 4.000 4.000 +180.0 +o.ooo +o.ooo; 
54. fdhzx Qfuel 4.0004.0004.000 +o.o0o4.o0o 

52. c t r k  abjctrl 4.0004.0004.000 4.W4.m 

55. 4.W 4.000 +180.0 4.ooO 4.ooO; 
56. 
57. 
58. 
59. 
€0. 
61. 
Q. 
63. a. 

4.000 4.W 4.ooo 
+0.000 4.000 4.ooo 
4.000 4.ooo 4.m 
4.000 4.000 4.000 
4.000 4.000 4.m 
4.000 4.m 4.000 
4.000 +0.000 4.000 

,A. I 
73. 
74. 
75. 
76. n. 
2. I 

f ~ - ~ c & n m t i m  g: 2.000 10.392 -2.000 10.392 7 2 ; 
61. 4.000 -6.928 8.000 -6.928 7 1 ; 
68. -2.000 10.392 -4.000 6.928 7 4 ; 
69. 2.000 -10.392 r4.000 -6.928 7 3 ; 
70. -4.000 +6.928 -8.000 6.928 7 6 ;  

-2.000 -10.392 +2.OOO -10.392 7 5 ; z* , 
4.000 +6.928 2.000 10.392 7 8 ; 

8.ooO 6.928 4.000 6.928 7 9 ; 

10.000 3.464 4.000 6.928 7 11 ; 

80. -8.ooO 6.928 -10.000 3.464 7 14 ; 
81. 8.000 0.000 10.000 3.464 7 I3 ; 
82. -10.000 3.464 -8.000 0.000 7 16 ; 
83. 10.000 -3.464 8.000 o.Oo0 7 15 ; 
84. -8.000 o.Oo0 -10.000 -3.464 7 18 ; 
85. 8.000 -6.928 10.000 -3.464 7 17 ; 
A6. t 

-10.000 -3.464 -8.000 -6.928 7 7 ; 
-8.000 -6.928 -4.W -6.928 7 10 ; 

-4.000 -6.928 -2.000 -10.392 7 12 ; 

,,. I 

_ _ _  m. 
88. 
89. 
90. 
91. 
92. 
93. 

--*-E? 0 . a  0:o 0.99 0.0 0.0 
Mlmxb.ue insldefuelroas 

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

* * 

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

* * * 
* * * * 
* * * 

* * 

* * * * 

* 
* * * * * * 

* * * 

* * * * * 
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* * 
* * 

* * * * * * * * * 

* 
* * * * * 

* 94. 0.5 0.57 1.0 0.5 0.0 0.0 * 95. .zl&ixgnataidl * 
* 96. 0.5 0.0 1.0 0.5 0.0 0.0 

97. fluid -. thecoltmlrdl 
* 9 9 . ~ n I i x b m ~ ~ w d  * 
* 100. 0.9 0.0 1.0 0.1 0.0 0.0 

103. mtl&scs /&k&ps i samt l  * * 104. assign= / na t l s in&m * 
* 105. awlant d- fuelaxbnt : 106. knuM W'0.95 d 0.03 dlaaO.02;  j-fueld * 

108. 
109. 

* * * 98. 0.1 0:o 1.0 0.9 0.0 0.0 
* 

107. antral d z d  0.05 prdscn 0.95; 
fluid: E:% a; / m h r a l s h E a t h  

110. c t r l d  d; t /coltmladant * 

* ll3. i d  isct= /k-e€f,pzemQl&ti.cn : 
ll6. t 
117. / 
118. / mm m - m  - e 

: E: j **m* m - v  - m e  Desired *m***f*****umf*m**m 

l l 5 . c h i a . o  / / zzT=  &=?&=?& 
* * 

* ll4. iitl=l CillrFlrn gsi=l.(k4 d . 0  

* 
*m**mcc*m***m***m**** * * * 

m***m***mH***m******m*********m*~***** 
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*********mm**m***m****n*********m***H**m 
* * * * * * * * * * * * t * * * * * H * h * * * * * * * m * * m * * * * * * m  

* c a s e t i t l e  
* 
* 
...................... 
........................ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

*keystartcaseirpe * 
* 2- l u r t e r o f t i t l e ~ t o f d l l c w  . * 0 rdty Of1 rn sam?s-scn-- artprt * 0 mlist Of1 rnz s4xYr€ssjlplt~ 

********H**m**m**************m****~*mtffm**- ***mtf)*mmthbm*mm******mmm** 
* * * ... ... * * * * * 
* * * * * * * * . . .string=. . . 
* m f h u  3oM)O * meat= 89WO 
***********m***t*******t*****m**mm**m~*m~****m***-- tm 
* 
*****m*******c**m***m*** 

.......................... * 
**t****************t***m**** 

......................... 

*keyad  blcdciiIFfd-wm* 

* 106 isarm 1/2/3/6/7/8f9f114/106f107 

* k e y d  blcdciiiread-xs* 

* * * * * * * * * f * * m * * m m * m * * * * * * m ~ * - * * ~ ~ ~ ~ * ~  ***t+hmmhm*m*m 
************m**m*******~**m**m******-m- mkhhhhhmhhbhhhhm* *mhhhhm**- 

* * * ...w iii - - EctiJn Lilrary... 
*****m**f*f***********m*+*m**m*+*hbmm**** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * 
* * * * 

...- smxtlxe... 

--- 
1 &  
2 &of 2 
3 t c t a l  3 
4 a t 6  1 
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* * 
* * * * 

* 1 . d  d * 2 . -  fuel * 3.clad clad 
4.w i3.+3. 
5.- - 
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* ... blcckv-du2rjl?xlt... 

* * * * * 
* * * * 

* 
* 
* 

* * * * 

* * * * * * * 

0 o i s d  
0 0 ith 
0 o i b l  
0 o i l p  

0 0 3 %  

0 o s 3  

...- rmtmls(anaym= iter) ... 
1.oooE-041.oooE-04 €pi 

1 1 j 3 . t l  

0 30 film 

... - plalexS(aaay .. miSC). .. 
* * * * * * * * 
* * 
* * * * * * * 
* * * * * * * 
* 
* * 
* 
* * * * 
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106 isam 106/107 x-y/r-z ; p 

* * * 

* 
* * * * * * * * 

fhhhmmtfhhhhmt*m 

sanstcnzg2smrary... 

with 
d= 0 . 0 M ) m o  

nataidl 8 
m. r a ~ ~  

l d  
2 M  
l d  
3 c l a d  
3 c l a d  
5- 
4fluid 
3 c l a d  
l d  

l.oo000owoO 
9.5oOoOO~-Ol 
3.OoOoooE-02 
2.ooOW(3E-M 
5.00000oE-02 
9.500oooE-01 
1.oooM)owoo 
1.oooooowoo 
1 . 0 0 0 ~  

* * 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

cl 

0 . o o o o o m  
o.oooooowoo 
0 . o o o o o m  
o . o o o o o m  
0 . o o o o o m  
o.ooooooEtoo 
o.oooooowoo 
0 . o o o o o m  
0 . o o o o o m  

11037 
11037 
11037 
11037 
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***************m**m*-m****~&&l f l E g 3 * m t * * m * * n * t t m m f t t * f m f ” H * m * * -  
*****m***m******m :!Z*zE**i***:**** . flEg3* 

mte&&rmphrjmshinkmJ.s 2 4 , t o  1aniimshinkmJ.s 1, to 24. 
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--*- ***f**m*m*rn****m*****rn********rr*mr**rn***** 
f****mfhhmm****mf**~**~~~***rn**rn**~******rn**rn**rn~****rn~*rn*~****rn** * 

...flllX&€+fmlW -asmnitaK€dw-... 

f****mfhhmm****mt**f*m*fmm***nm***rt***** 

*kq start itezatjm nmitor * 
*mw*-* 

*mt***m***mtxm *mn* * 
*qx tkcu te r .  diffusim k-eff naxphvise rwtphvise irrEz-s 

m.usersslb-atters€+fmlW htd3-1 ftlxCkzge fiss-cnlvagd 
3.45 0 
4.U 1 0 2 0.99416965 4.74215343 O.OOOOowOO 1.703633-01 +* 
4.30 2 2 3 1.00981730 1 .4819E4 2.035143-01 1.42439E-02 *%* * 4.49 3 2 5 1.01026595 1.OU39E-04 5.4337334 4.3663OE-03 +* * 4.76 4 2 12 1.01061947 4.50688EiM 1.08803E-02 1.51584E-03 *** * 4.93 5 2 3 1.01072683 -1.171413-04 5.843033-03 6.U9UE-04 +* 

* * 
--iiteratiCnsumaryfor&eri~timm. 6 -  

* i terpzmxfl l lX at 
* 
* * T T o . % %  2 y 7  * 
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* * * * 
*****m*************m**** 

:%*z%*~m~**d * * * s*nce 9, * * * * 
* * * * * 
* * * * * * 

1 0.- 

tct 0.- 

EQ a b q % i c n  prti.clelslare 
1 9.99999913-01 -1.92403103-06 

tot 9.99999913-01 -1.9240310346 

9, left- 
* 1 7.71697323-05 

* tct 7.71697323-05 
* 
* 

insatter self scatter art scatter -leakage 

0.0000000W00 3.5451763Ecoo 1.42108553-14 2.0156399E-06 

0.MxxxX)o 3.54517Qwoo 1.4210855E-14 2.0156399E-06 

-1- - ka%?= -leakage - . 1- 
-7.61330493-05 1.0066833E-06 6.8428274EX3 9.789566oE-07 

-7.6133049E-05 1.03668333-06 6.842827rn-03 9.78956WEX7 

... interfacefilertaprWt5tte-l.. 

... interface file 91311s uaitten.. 
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* * * * 
* * 

* * * * * * 

* * 

* * 
* * * 

* * * 

* * * 
* * 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * .L * * * 
* * * * * * 

* * 
* * * 

* * * * 

stcnageatirdrghistcny 
*mt***m****m***m********m**mt******** 

; &e 
* o  * 100 * 101 * 102 

103 
104 
105 
106 * 107 * 108 * 109 * m  
200 
201 
202 * 203 * 204 * 205 * 206 
207 
208 * 210 * w  
400 

- 

m- 

sysio * 

5.6 0.6 
3.3 0.3 
0.7 0.0 * 
0.2 0.0 * 
0.0 0.0 * 
0.1 0.0 * 
0.0 0.0 * 
0.0 0.0 
0.1 0.0 
0.0 0.0 
0.0 0.0 * 
0.0 0.0 * 
2.3 0.3 * 
0.1 0.1 * 
0.0 0.0 * 

... 
0.0 0.1 
0.0 0.1 * 
0.0 0.0 * 

'***m***mtm 
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APPENDIX B: OPERATING SYSTEM SPECIFICS 

UNIXPUNICOS Execution 

On UNIX or W C O S  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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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 SNXSPAm, 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 

setenv SNXSPATH /usr/tmp/xs 

and TWODM/GQ will then look 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 UNM Search Path 

Path defined in the code on UNICOS. MENDF binaries 
are unavailable for SUN. 

For any name other th 
assume the form is XSLIT3 and search for it in SNXS- 
PATH, then C m .  

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 4-49. 

4-96 TWODANTIGQ USER'S GUIDE Version 3.0 



TWOHEX USER’S GUIDE 

Deterministic Transport Team 
Transport Methods Group, XTM 
Los Alamos National Laboratory 

Los Alarnos 
N a t i o n a l  L a b o r a t o r y  



Los Alamos National Laboratory is operated by the University of California for the 
United States Department of Energy under contract W-7405-ENG-36. 

An Affirmative ActiodEqual 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 
infiinge privately owned rights. References herein to any specific commercial product, 
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. 

5-2 TWOHEX USER’S GUIDE Version 3.0 



USER'S GUIDE FOR TWOHEX: 
A CODE PACKAGE FOR TWO- 

DIMENSIONAL, NEUTRAL-PARTICLE 
TRANSPORT IN EQUILATERAL 

TRIANGULAR MESHES 

bY 
Wallace F. Walters, Forrest W. Brinkley, 

and Duane R. Marr 



5-4 TWOHEX USER’S GUIDE Version 3.0 



TABLE OF CONTENTS 

TABLE OF CONTENTS 
TABLE OF CONTENTS .............................................................................................. 5-5 

LIST OF FIGURES ...................................................................................................... 5-7 

LIST OF TABLES ........................................................................................................ 5-9 

INTRODUCTION ...................................................................................................... 5-11 

DOCUMENTATION FOR TWOHEX USAGE ........................................................ 5-13 
What Is In This User’s Guide ....................................................................................................... 5-13 
What Is Available Elsewhere ....................................................................................................... 5-14 

TWOHEX INPUT OVERVIEW ................................................................................ 5-17 
Input Block Order ......................................................................................................................... 5-17 
Free Field Input Summary ............................................................................................................ 5-19 

Arrays ................................................................................................................................ 5-19 
Numeric Data Items ........................................................................................................... 5-19 
Character Data Items ......................................................................................................... 5-19 

Strings ................................................................................................................................ 5-20 
Comments .......................................................................................................................... 5-20 
Operators ........................................................................................................................... 5-20 
Frequently Used Operators ................................................................................................ 5-21 

MINI-MANUAL Introduction ..................................................................................................... 5-22 
MINI MANUAL .......................................................................................................................... 5-23 

Blocks ................................................................................................................................ 5-20 

TWOHEX INPUT DETAILS ..................................................................................... 5-27 
Introduction .................................................................................................................................. 5-27 
Title Line Details .......................................................................................................................... 5-30 

Title Line Control ............................................................................................................. 5-30 
Block-I Details: Dimensions and Controls ................................................................................... 5-31 

Dimensions ........................................................................................................................ 5-31 
Storage Requirements ........................................................................................................ 5-32 
Run Configuration Controls .............................................................................................. 5-32 

Block-II Details: Geometry .......................................................................................................... 5-33 
Geometry Arrays ............................................................................................................... 5-33 

Block-III Details: Nuclear Data ................................................................................................... 5-34 
Nuclear Data ’Qpe and Options ......................................................................................... 5-34 
Alternate Library Name ..................................................................................................... 5-36 
Text Cross-Section Library Format ................................................................................... 5-38 

Block-IV Details: Cross-Section Mixing ..................................................................................... 5-40 
MATLS input array ............................................................................................................ 5-41 

ASSIGN input array .......................................................................................................... 5-42 
PREMIX input array .......................................................................................................... 5-42 
Character Names vs . Numeric Names ............................................................................... 5-43 
Concentration Search ......................................................................................................... 5-43 
Miscellaneous Mixing Input .............................................................................................. 5-44 

Block-V Details: Solver Input ..................................................................................................... 5-45 
Desired Calculation ........................................................................................................... 5-45 
Iteration Controls ............................................................................................................... 5-45 

TWOHEX USER’S GUIDE Version 3.0 5-5 

Primary Mixing Arrays ...................................................................................................... 5-41 



TABLE OF CONTENTS 

Output Controls .................................................................................................................. 5-46 
Miscellaneous Solver Input ................................................................................................ 5-46 
Flux Guess From a File ...................................................................................................... 5-47 
Quadrature Details ............................................................................................................. 5-47 
Volumetric Source Options ................................................................................................ 5-49 

Block-VI Details: Edit Input ......................................................................................................... 5-50 
Edit Spatial Specifications ................................................................................................. 5-50 
Reaction Rates from Cross Sections .................................................................................. 5-51 
Edit Cross-Section w e s  by Position and Name .............................................................. 5-52 
Reaction Rates from User Response Functions ................................................................. 5-53 
Energy Group Collapse Speciiications .............................................................................. 5-54 
Reaction Rate Summing .................................................................................................... 5-55 
Mass Inventories ................................................................................................................ 5-55 
Power Normalization ......................................................................................................... 5-56 
Miscellaneous Edit Items ................................................................................................... 5-57 
MENDF Library Edit Cross Sections ................................................................................ 5-58 

REFERENCES ........................................................................................................... 5.59 

APPENDIX A SAMPLE INPUT .............................................................................. 5-61 
Sample Problem: Standard k~ Calculation ................................................................................ 5-61 
Sample Problem: Output Description ........................................................................................... 5-62 

APPENDIX B: OPERATING SYSTEM SPECIFICS .............................................. 5-75 
UNWUNICOS Execution ........................................................................................................... 5-75 
Library Search Path ...................................................................................................................... 5-76 

5-6 TWOHEX USER'S GUIDE Version 3.0 



LIST OF FIGURES 

LIST OF FIGURES 
Figure 5.1: TWOHEX Input Order ............................................................................ 5-18 
Figure 5.2: Possible S6 Quadrature Arrangements .................................................... 5-48 

Figure 5.4: Mesh Model for the Sample Problem ...................................................... 5-61 
Figure 5.3: Core Map of the Sample Problem ........................................................... 5-61 

TWOHEX USER'S GUIDE Version 3.0 5-7 

.... 



LIST OF FIGURES 

5-8 TWOHEX USER’S GUIDE Version 3.0 



LIST OF TABLES 

LIST OF TABLES 
Table 5.1: 
Table 5.2: 

LIBNAME Availability ......................................................................... 5-36 
UNIX Search Pa .................................................................................... 5-76 

TWOHEX USER’S GUIDE Version 3.0 5-9 



LIST OF TABLES 

5-10 TWOHEX USER’S GUIDE Version 3.0 



INTRODUCTION 

The TWOHEX code is a modular computer program designed to solve the two-dimen- 
sional, time-independent, multigroup discrete-ordinates form of the Boltwnann transport 
equation. 

T W O H E P  is based on the modular construction of the DANTSYSTM 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. 

4. 

5. 

6. 

7. 

8. 

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

highly sophisticated, standardized, data- and file-management techniques as 
defined and developed by the Committee on Computer Coordination (CCCC) 
and described in Ref. 1; both sequential file and random-access file handling 
techniques are used, 

the use of standard Chebychev acce1eration29 of both the inner and outer itera- 
tions, 

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 kefl calculation options, 

nodal/characteristic 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 submodules, 

11. extensive, user-oriented error diagnostics. 
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The documentation described here constitutes a complete manual for the use of the 
TWOHEX code. It is intended to fully replace the former TWOHEX manual? 

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. 

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 detail all the input 
parameters and arrays. 

Appendix A provides a sample TWOHEX case with model, input, and output descrip- 
tions. 

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 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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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 fully 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 LIBRARIES” 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 WA“M“€UAL 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 ‘‘FEE 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 
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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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TWOHEX INPUT OVERVIEW 

The full TWOHEX input consists of a title section, followed by six blocks of free field 
input. The title 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-III 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 (Le., 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. 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 diagrammed in Figure 5.1 on the following page. 
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Title Line Count 

Block-I 
(Controls and Dims) 

T 

Block-II f (Geometry) 
T I 

Block-111 
(Nuclear Data) 

T 

Text cross sections 
(optional) 

T 

/ Block-V 
(Solver Input) 

T 

Block-VI 
(Edit Input) 

Figure 5.1 TWOHEX Input Order 
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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. 

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= 0 0 0 1.1 1.1 0 0 0 0 0 

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, 1E1, 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. 

TWOHEX USER’S GUIDE Version 3.0 5-19 



&TWOHEX INPUT OVERVIEW Free Field Input Summary 

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. 

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. 

Comments 

A slash (0 may be used to enter comments in the input stream. After a slash is read, no 
further processing of that card-image is done. 

Onerators 

Several data operators are available to simplify the input. 

The data operators are specified in the general form 

n O  d 

where: 

n is the “data numerator”, either an integer or a blank; 
0 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= 0 0 0 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 mD07 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 “EREE m L D  INPUT DETAILS” on page 9- 
13. 

5-20 TWOHEX USER’S GUIDE Version 3.0 



Free Field Input Summary TWOHEX INPUT OVERVIEW 

Frequently Used Operators 

OperatoP Functionality 

nRd 
nId 

nC d 
F d  

nY m 
nLd 

nz 
nS 
nQ m 
nG m 

nNm 

nMm 

nx 

REPEAT the data item d, n times. 
INTERPOLATE (linear) n data items between data item d and the next 
data item. 
SCALE (multiply) the n previous entries by d. 
FILL the rest of the data string with the data item d. 
STRING REPEAT. Repeat the previous m strings, n times. 
INTERPOLATE LOGARlTHMICALLY n data items between d and 
the next d. 
ZERO. Enter the value zero n successive times. 
SKIP. Skip the next n data items. 
SEQUENCE REPEAT. Enter the last m entries, n more times. 
SEQUENCE REPEAT WITH SIGN CHANGE. Same as the Q option 
but the sign of the m entries is changed every repeat. 
SEQUENCE REPEAT INVERT. Same as the Q option but the order of 
the m entries is inverted each repeat. 
SEQUENCE REPEAT INVERT WITH SIGN CHANGE. Same as N 
option but the sign is also changed every repeat. 
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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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 (Le., 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 F;JT*NMQ] 

where - IT is the number of meshes in the X-direction, JT is the number of 
meshes in the Y-direction, and NMQ is the number of input source moments. For 
this array, the first string is composed of the Po source 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 P1 source values for each x mesh are given. After all P1 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. 

5-22 TWOHEX USER'S GUIDE Version 3.0 



Title Line Control 
(316 Format) 
MIEAD,NOTTY,NOLIST 

/ Title Line(s1 

(P NHEAD>O) 

Block-1:Controls & Dimensions 

IGEOM 
NGROUP 
ISN 
NISO 
MT 
NZONE 
IT 
JT 

MAXLCM 
MAXSCM 

NOSOLV 
NOEDIT 

NOGEOD 
NOMIX 
NOASG 
NOMACR 
NOSLNP 
NOEDTT 
NOADJM 

T 

Block-I3[: Geometw 

DOMAIN validTHIRD 
SIXTH 
WHOLE 

HEIGHT 
ZONES rn;JM] 

BSQ 111 
-or- 
BSQ [NZONE;NGROUP] 

T 
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Block-III: Cross Sections 

LIB 
valid ODNINP 

XSLJB 
I S O l x s  
GRUPXS 
BXSLJB 
MACRXS 
MACBCD 
XSLJBB 
0ocal)MENDF 
0ocal)MENDFG 
alternate XSLIB name 

WRITMXS 
valid MACBCD 

XSUBB 
XSLJBF 
XSLJBE 

LNG 
BALXS 
NTICHI 
CHIVEC [NGROUP] 
LIBNAME 

Rest of this block is needed only for text 
libraries. 

-- -- -- -- -- -- -- 

MAXORD 
MM 
IH.T 
IHS 
IFIDO 
ITITL 
I2LP1 
SAVBXS 
KWIKRD (default:l) 
NAMES [NISO] 
EDNAME @HT-31 
NTPI [NISO] 
VEL [NGROUP] 
EBOUND [NGROUP+l] 

T 

iff LIB= ODNINP’ insert 
ASCII text cross sections here f 

I I 

/ Block-IVMixing 

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

PREMIX [-;-I 

MATSPEC [-] 
valid ATFRAC 

WTFRAC 
AT’DEN 
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Block-V: SOLVER 

IEVT 
ISCT 
ITH 

EPSI 
OITM 
ITLIM 

FLUXP 
XSECTP 
FISSRP 
SOURCP 

INFLUX 

-- Quadrature --- 

IQUAD 

--- Miscellaneous --- 
NORM 
BHGT 

CHI mGROUP;M] 

DEN [ITJT] 

DENX [IT], DENY[JT] 
-or- 

----Volumetric Source--- 

INSORS 
SOURCE mGR0UP;NMQI 
-or- 

SOURCX [ITNMQI and 
SOURCY [JTNMQI 
-or- 
SOURCX [ITNMQ] and 
SOURCY [JTNMQI and 
SOURCE mGROUP,NMQI 
-or- 
SOURCF IJT;JT*NGROUP*NMQI 
-or- 
SOURCF m,JT*NMQI 
and SOURCE [NGROUP;NMQI 

T 

Block-VI: EDIT 

PTED 
ZNED 

POINTS [K], &T*JT 
EDZONE [rr;JT] 

EDXS [K], K<NEDT 
RESDNT 

EDCONS [K], -SO 
EDMATS [K], K%T 
D F  Irrl 
YDF [JTI 

EDISOS [K], m s o  

RSFE mGROuP,-] 
RSFX m,-3 
RSFV [JT,-] 
RSFNAM [-I 

ICOLL &I, &GROUP 
IGRPED 

MICSUM [-I 
IRSUMS [-I 

MASSED 

POWER 
MEVPER 

m U X  
RZMEXX 
EDOUTF 
BWOLP 
kTED 
FLUXONE 

T 
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A TWOHEX INPUT DETAILS 

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. 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-11 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-11 input may be omit- 
ted. 

2. 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. 

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 “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. h a y  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 may be entered 
for an array. You will frequently find switches where the input is the digit 0 or the 
digit 1. This will be represented by O/. in the input description. In other arrays 
where an exact character stritig 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 MAILS 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 Control 
(format 316)a 
{Required} 

Word Name Comments 

1 NHEAD Number of title lines that follow! 

NOTIY Suppress output to on-line user 
terminal? 
O / l  = no/yes. 
Suppress listing of all ASCII text 

O/I = no/yes. (defaultao) 

NOLIST 
input? 

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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Dimensions 
{Required} 

Name Comments 

IGEOM Geometry. Enter 9 for equilateral triangles 
or the following character string: 

IGEOM= HEX 
NGROUP Number of energy groups. 
ISN 

NISO 
MT 
NZONE 
IT 
JT 

Sn order to be used. If ISN is negative, code will use 
the Chebychev-Legendre (IQUAD=2) quadrature set. [See IQUAD 
input on page 5-47] 
Number of physical isotopes on the basic input cross-section library. 
Number of physical materialsa to be created. 
Number of geometric zonesb in problem. 
Total number of triangles in each horizontal band. 
Total number of bands (must be IT2 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 
MAXLCM 

Length of SCM desired (default=4000010) 
Length of LCM desired (default=1400001~) 

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/I = no/yes. 
Suppress edit module execution. O/I = no/yes. 
Suppress writing GEODST file even though the geometry input 
(Block-II) may be present. O/I = no/yes. 
Suppress writing mixing files even though the mixing input in 
Block-IV may be present. O/. = no/yes. 
Suppress writing ASGMAT file even though the assignment input 
in Block-IV may be present. O/I = no/yes. 
Suppress writing the MACRXS file even though both Block-III 
and Block-IV may be present. O/I = no/yes. 
Suppress writing the SOLINP file even though Block-V may be 
present. O/I = no/yes. 
Suppress writing the EDITIT file even though Block-VI may be 
present. O/I = no/yes. 
Suppress writing the ADJMAC file even though an adjoint 
calculation is called for. O/I = no/yes. 

Note: Default on all these controls is no. 
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Geometry Arrays 
{Required} 

Name Commentsa 

DOMAIN 

HEIGHT 
ZONES pM;JM] 

BSQ C11 
-or- 

BSQ 
PZONE;NGROUP] 
[optional} 

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 

SIXTH 

WHOLE 

Solution domain is a rhombus with a 
120 degree angle at the lower left corner, 
that is, at mesh point (1,l). There are 
rotational boundary conditions on the 
left and bottom, vacuum on the top and 
right. 
Solution domain is a rhombus with a 60 
degree angle at the lower left corner, that 
is, at mesh point (1,l). There are 
rotational boundary conditions on the 
left and bottom, vacuum on the top and 
right. 
Solution domain is a rhombus with a 60 
degree angle at the lower left corner, that 
is, at mesh point (1,l). There are 
vacuum boundary conditions all around. 

Specifies the height of a single triangle. 
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. 
Buckling to use at every triangle or the buckling by 
zone and group. If the number of strings entered is less 
than NGROUP, then the last string entered will also be 
used for all omitted groups. 
CAUTION Subsequent input of a buckling height via 
the BHGT array in the SOLVER block input will 
override the BSQ input. 

a. The infoxmation 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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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 
IS0TxSb 

XSUB 

ODNINP 

GRUPXS‘ 
BXSLJB 

MACRXsd 

XSLJBB 

MACBCD 
MENDF 

MENDFG 

other 

Description 
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 
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 
PREMM and MATLS input in Block-IV will be 
ignored. 
See “XSLIBB Card-Image Library File” on page 
10-12. 
ASCII form of MACRXS file. 
(LANL only) See “The Los Alamos MENDFS 
Cross-Section Library” on page 10-13. 
(LANL only) See “The Los Alamos MENDFSG 
Gamma Cross-Section Library” on page 10-14. 
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. 

WKtTMXS 
{optional} 

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

Name Comments 
Word Description 

LNG 
[optional} 
BALXS 
[optional} 

WCHI  
[optional} 

2HIVEC 
NGROUP] 
[optional} 

MACBCD 

XSLJBB 

XSUBE 

Creates the cross-section file named MACBCD, 
an ASCII image of the MACRXS binary file. 
Creates the cross-section file named XSLIBB, an 
ASCII image of the BXSLlB binary file. 
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 (EIDO=O). 
Creates the cross-section file named XSLIBF, an 
ASCII file derived from, and corresponding to, 
the MACRXS binary file. XSLlBF is in F D O  
fixed-field format (EIDO=l>. 

Number of the last neutron group in a coupled neutron-photon 
library. Used only to separate neutrons from gammas in the edits. 
cross-section balance control. Enter one of the following values: 
WARNING See page 10-21 before using! 

XSLJBF 

Value Description 
-I 

0 
I 

balance cross sections by adjusting absorption 
cross section. 
do not balance cross sections. (default) 
balance cross sections by adjusting self- 
scattering cross section. 

MENDF fission fraction to be used for the problem (LANL only). 
U2/3 = Pu239/U235/U238 (default is U235). Will be overridden 
by any CHIVEC input described below or by any zone-dependent 

Chi vector (fission fraction born into each group). Used for every 
isotope. Will be overridden by any zone dependent CHI input in 

CHI in input Block-V. 

Block-V. 

a. 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 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 I2LP1=1. See ‘Text Cross-Section Library Format” on page5-38. 
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 footnote 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 SECTIONS” on page 10-15. 
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other 

Alternate Library Name 
(0 pt i onal} 

Name Comments 

LIBNAME Alternate name of the library file. May be used only with certain 
types of libraries. See Table 5.1. 

Ignored 

The entries in the LIB input variable normally dictate both the form and the name of the 
cross section library. Lf 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 5.1. 

Table 5.1 LIBNAME Availability 

1 LIB 1 LIBNAME I AVAILABLE? 

GRUPXS 

ISOTXS 

BXSLIB 

MACBCD 

XSLIBB 

h4ENDFa No 

I XSLIB I Yes I 

~ 
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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 
IHM 

m 
MS 
{optional 
IFID0 
{optional 

ITrrL 
{optional} 
I2LP1 
{optional} 

SAVBXS 
{optional} 

lcwIImD 
{optional} 

NAMES (NISO] 
{optional} 

EDNAME m - 3 1  
{optional} 

NTPI WSO] 
{optional} 

VEL INGRoup] 
{optional} 

EBOUND [NGROUP+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. 
-I/O/IL2 = Precision(4El8)/Los Alamos(6E12)/fixed- 
field FIDO/free-field. 
A title line precedes each table. O/l = no/yes 

Higher order scattering cross sections on the library 
contain the 2L+1 term. O/I = 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. 0/1 = no/yes. 
Process fixed-field FIDO-format, ASCII text library 
with fast processor at the sacrifice of error checking? 
O/I = no/yes (default=yes). 
Character name for each of the input isotopes. Can be 
used later in mixes. (default names are: ISO1, IS02, . . . 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, 
EDIT5 . . .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 boundaries for each group. 
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ASCII text libraries may be entered in one of the four forms indicated by the lFlD0 
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 o ~ + ~  such as ~ ~ + l + ~  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 FTDO format that ANISM 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 T in the character position. No array identifier should be used. This format also 
restricts the usable input operators to T, *, R, -, +, and 2. 

In the free field form, entries do not have to be in designated columns. Rather, the rules 
specified in the chapter “FREE FlELD INPUT REFERENCE’ starting on page 9-1 
apply. Each table in this form is also terminated with the character T. No array identifier 
(Le., array name with appended equals sign) should be used. 
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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 

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

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, qg. In common usage, for the first level of mix- 
ing, qg 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 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 TUTO€UAL” starting on page 11-1. 

k 

i = l  

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} 

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-IVY 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 inmt arrav 

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

MATLS= mat] compl den], comp2 den2, ... etc .... ; 
where mat1 is the desired character name of the first material and camp], comp2, and so 
on are the character names of its components which have “densities” of, respectively, 
den], den,, and so on. Additional materials (Le., m t 2 ,  m t 3 ,  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= 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: 

MATIS= matI compl; mat2 comp2 den2; ... etc .... ; 

ASSIGN inmt arrav 

The general form of the ASSIGN instruction is shown below: 

ASSIGN= zone] mat] voll, mat2 v012, ... etc .... ; 
where zoneI is the desired character name to be used for the first zone (the one specified 
with numeral 1 in the ZONES array). matI, 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 (Le., 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= MAm 

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=MATLS can not be used if you intend to use the 

ASGMOD input array described later in this section. 

PREMIX inmt arrav 

The PREMM: array forms temporary materials in a way exactly analogous to the way 
that permanent materials are formed in the MATIS array. The Merence 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: 

PREMTx= matI compl den], comp2 den2, ... etc .... ; 
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where tmutl 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 (Le., tmat2, tmat3, and so on) may be 
defined in subsequent strings. A component may be 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. 

Concentration Search 

The concentration search has not been implemented in TWOHEX. 

TWOHEX USER’S GUIDE Version 3.0 5-43 



TWOHEXINPUTDETATLS Block-IV Details: Cross-Section Mixing 

Miscellaneous Mixing Input 
{Optional} 

Name Comments 

mmAM N] 

ZONNAM mzoNE1 

MATSPEC [IMT] 

ATWT [12*NISO] 
{ requiredb} 

Character material names for Materials. Used only if 
the matl 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. 
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 MAKS 
array is in terms of atomic densities, atomic fractions, 
and/or weight fractions. 
Allowable entries are the words: 

ATDENS (default) atomic densities 
ATFRAC 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. 
Atomic weights of the isotopes. If using 
MATSPEC=ATFRAC or WTFRAC, atomic weights 
must be available to the code. Entries for the ATWT 
array are made in pairs, as follows: 

ATWT= is01 atwtl is02 atwt2 .... 
where iso, is the isotope name (identifier) for isotope n 
on the cross-section library and atwt, 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 PREMM. 
b. Required iff MATSPEC=ATFlUC 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: 

ISCT 

Value Descriution 
0 source 
I kega 

Legendre order of scattering. 

(I ITH O/I = direct/adjoint calculation. 
I1 

a. For a k,,calculation, an inner iteration sequence for a given group is terminated when the maximum 
scalar fiux error is reduced to .04 times its value for the first inner 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 @SI. A source plus fission calcula- 
tion must meet the same convergence criteria as a k,ffcalculation. 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=0.0001). 
OITM 
ITLIM 

Maximum no. of outer iterations (default=20). 
Number of seconds time limit (default=unlimited). 

I '  I 1  

~ 
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Output Controls 
{Optional} 

Name Comments 

FLm 
XSECTP 
FISSRP 
SOURCP 

Final flux print. O/lL = no/isotropic/all moments. 
Cross-section print. 0/1/2 = no/principal/all. 
Fission rate print. O/l= no/yes. 
Source print. 0/1/2/3 = no/unnormalized/normalized/both. 

Miscellaneous Solver Input 
{Optional} 

Name Comments 

NORM 

BHGT 

CHI [NGROUP;M] 

DENX P I b  
and/or 

DENY [J"] 

Normalize the fission source rate to this value when 
IEVT21 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 keflproblems 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. 
Buckling height. (in cm. if macroscopic cross section is in 
cm-I.) (default=O.O which is treated as infinity.) 

Fission fraction born into each group? Enter by zone up to 
M zones. Succeeding zones (Le., zones M+l through 
NZONE) will use the CHI values from zone M. 
Density factor to use for each x-mesh column (default=l). 
Applied to the zone macroscopic cross sections at each 
mesh interval. 
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 

b. The density factor DEN(ij), at mesh interval (ij) is computed as follows: 
contains CHI. 

DEN(ij) = DENX(i)*DENY(j) 

__ 
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Flux Guess From a File 
{Optional} 

Name Comments 
~ 

INFLUX Read the initial flux guess from a file.a O/l = no/yes. 

If ITH=O, read the initial flux guess from the RTFLUX file. 

IfITH=l, read the initial flux guess from the ATFLUX file. 

a. There is presently no text input flux guess available for TWOHEX. 

Quadrature Detai Is 
{Required} 

Name Description 

IQUAD Type of angular quadrature. Enter one of the following: 
Value Description 

0 Defaulta 
I Constantb 
2 Triangular' 
3 Rectangulard 

a. The default set uses the constant arrangement for ISN4,  and the triangular arrangement for all higher 
ISN values. Each of these arrangements is described below where we defme 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 (numeri- 
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 sextant, ISN/2 mu,eta points on each xi level. 

Note: The S2 quadrature set is independent of IQUAD value. 
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i 60" 

Constant Arrangement 

60" 

Triangular Arrangement 

60" 

Rectangular Arrangement 

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 

INSORS Read source from interface file FMSRC. 
O/I = nolyes. 

----- For a text-input source, choose one of the following options: 
Option 1: 
SOURCE [NGROUP; NMQ] Source spectrum for each of NMQa 

moments. (Spatial distribution is assumed 
to be flat with value unity) 

Option 2: 
SOURCX FTNMQlb 
SOURCY [JTNMQ] 

(input both arrays) 
x spatial distribution for each moment. 
y spatial distribution for each moment. 

(Spectrum is assumed to be flat with value unity) 

Option 3: 
SOURCE [NGROUP; NMQJ Source spectrum. 

(input all three arrays) 

SOURCX LTT;NMQ] 
SOURCY [JTNMQ] 

x spatial distribution for each moment. 
y spatial distribution for each moment. 

Option 4: 
SOURCF P;JT*NGROUP*NMQ] 

Option 5: (input both arrays) 
SOURCE [NGROUP; NMQ] Source spectrum. 
SOURCF m; JT*NMQ] 

Spatial distribution for each row, group, 
and moment. 

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. 

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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Edit Spatial Specifications 
{ Requ i reda} 

Name Comments 

PTED Do edits by mesh interval. O / l  = no/yes. 
ZNED Do edits by zone. 

SOLVER zone. See EDZONE input below). 
O / l  = no/yes. (i.e., edit zone, not 

POINTS[ IIT*JT] Mesh point (or interval) numbers at which point edits are 
{optional} desired. USED ONLY IF PTED=l. (Default= all points) 
EDZONE lJT;JT] 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 
{Optional b, 

Name Comments 

EDXS [<NEDT] 
{ requiredc} 

RESDNT 

EDISOS [SNISO] 

EDCONS [SNISO] 

EDMATS [SMT] 

mfl F 1  
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. O/I = 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 (partial 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), 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 th is  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 andor 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 
or GRUPXS 

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.. 

CROSS-SECTION INPUT VIA ASCII 
TEXT 

DE 
not used 
nu-fission 
total 
absorption 

2 
3 

lb 

N=IHT-3 

EDIT 
Position 

1 
2 
3 
4 
5 
6 
7 

4+N 

Name 
CHI.. . . . 
NUSIGF.. 
TOTAL ... 
ABS..... 
 ED^ ...c 
EDIT2.. . 
EDIT3.. . 

ED ITN... 

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 

c. These are the default names that may be overridden with the user-option names in the EDNAME array 
cross-section library are EDIT cross sections chosen by the user. 

of Block-m. 
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Reaction Rates from User Response Functions 
{optionala} 

Name Comments 

RSFE WGR0UP;MI 
{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 
NGROUP entries beginning with group 1. 
Response function x distribution for M functions. 
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.O) 
Character names for the user-input response functions 
specified above. (default = RSFP1, RSFP2, ... RSFPM) 

RSFX F;MIb 
RSFY [JT;MI 
{optional} 

RSFiNAM w] 

a. But either something in this grouping or in the “Reaction Rates from Cross Sections” grouping must 

b. The M-th response function at space point (ij) and energy group g is computed as: 
be input in order to produce reaction rate edits. 

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

Name Comments 

ICOLL W 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). 
Print option on energy groups. Enter one of the following 
values: 
Value Description 

0 
I Print broad groups only 
2 
3 

IGRPED 

Print energy group totals only 

Print broad groups only (same as 1) 
Print both broad groups and totals 
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Reaction Rate Summing 
{Optional} 

Name Comments 

MICSUM [<500 sums] 

IRSUMS [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 5-52). Each of these sets 
are delimited with an entry of 0 (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). 
Response function reaction rate 
specifications. 

summing 

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 0 (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 zonededit zoneshoth (default=l). This option is active 
only if atomic weights are present. See ATWT on page 5-44. 

I ’  
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Power Normalization 
{Optional) 

Comments 

POWER Normalize to POWER megawatts! 
{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 F’LUXP input in the SOLVER Block (see NORM on page 5- 

MeV released per fission (default=210 MeV). This value will be 
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 Types by Position and Name” on page 5-52). But if one 
uses an ASCII text library, either ODNINP or XSLIJ3, then the 
name N-FISS must be entered in the proper place in the EDNAME 
array (page 5-38). 

45). 
MEVPER 
{required} 

I 
a. Note that this normalization is meaningless if you are using the results of an adjoint run. 
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Miscellaneous Edit Items 
{ 0 pt i o n a I} 

Name Comments 

m u x  
RZMFLX 

E D O W  

BYVOLP 

AJEDd 

FLUXONE 

Write the CCCC standard zonea flux file RZFLUX or AZFLUX. 

Write the code-dependent zoneb flux moments file RZMFLX or 
AzMFLux. 
O/I = no/yes. 

ASCII output files control. Enter one of the following values: 
Value Descriution 

O/I = no/yes. 

-3 

-2 
0 Write neither file. (default) 
I Write EDTOUT file. 
2 
3 

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

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. 
O/I = no/yes. 
Regular (forward) edit/Adjoint edit. Regular edit uses the 
RTFLUX scalar flux file; adjoint edit uses the ATFLUX flux file. 
O/I = regular/adjoint. 
nux override. O/I = 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 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 

xt 

CHI 
NUSIGF 
TOTAL 
ABS 
MEND1 
mND2 
MEND3 
MEND4 
MEND5 
MEND6 
MEND7 
MEND8 
MEND9 
MEND10 
N-FISS 
MEND12 

MEND13 

fission spectrum 
effective nu-sigma-fission 
Total cross section 
absorp tiona 
elastic scattering 
inelastic scattering 
n,2n scattering 
n,3n scattering 
gamma production 
alpha production 
proton production 
direct fission 
second-chance fission 
third-chance fission 
C(n,F) = (n,f) + (n,n'>f + (n,WfJ 

prompt fission spectrum 
(only for fissionable materials) 
total fission spectrum 
(only for fissionable materials) 

a 0, for group g is defined as Oa = Gt - c0, ~ . 
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 Sample Problem: Standard keff Calculation. 

APPENDIX A: S M L E  INPUT 

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 w&g 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. 

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 
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-II input 
describing the geometry and zone assignments by mesh, we describe the cross-section 
library in Block-III. 

Po cross sections for each isotope are entered in the input stream after Block-ID. These 
isotopes are subsequently mixed in Block-N to form the materials STEEL, FCTEL, 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 first 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 
@ted=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 t’sixthtt 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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* * * 

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

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

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

* * * * * * 

* 

* * * 
* 

* * * * * 

* * 

* * * * * * * * * * * 

* * * * 

* * * * 

* * * 
* 

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

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

* 
* * * * 

* * * 
* 

35. 0.000 
36. 0.000 
37. glllIM @TI-23) 
38. O.Oo0 
39. 0.000 
40. lIirJ (FE) 
41. 0.000 
42. O.Oo0 
43. asaaU4 (CR) 
44. 0.000 
45. 0.000 
46. NICXEL N) 
47. 0.000 
48. 0.000 
49. pruKNnM (Eu239 
50. 1.900 
51. 1.600 
52.u!V?mm K-238) 
53. 0.300 
54. O.Oo0 

SAMPLE 
0.010 
0.000 

0.002 
0.005 

0.008 
0.010 

0.ou 
0.020 

0.080 
0.030 

2.500 

0.400 
0.500 

SAMPLE 

SAMPLE 

SAMPLE 

SAMPLE 

'I1.F 

SAMPLE 

* 
O.Oo0 016/1 ; 
0.390 016/2 

0.398 m23/2 * 

0.392 W 2  * 

o.ooom23/1 2 
0.000 W1 ; 
0.000 w1 ; 
0.287 w 2  

0.000 M/1 ; 

0.000 u238/1 ; 

0.320 M / 2  * 
0.000 m 9 / 1  * 
0.850 Kl239/2 ; 
1.300 m 8 / 2  * 

60. / E e m r W ~ )  
61. rratls= SIEEL, EX .OS, (R -016. M 0.01; 
62. FUEL "EU-239" .0081, "U-238" .0125 "0-16" -0412; 
63. glllIM m-23" .025 
64. assiqF CUB FuEt .35, 911RM .4, SEm 25; 
65. REFEc SmSM .7. SIEEL .3 t 
66. / 
67. / =v 
68. i€vkl kck= -0. 
69. f3wpO chi-o.6,0.4; 0.7, 0.3 t 
70. / 
n. (-) 
72. pa3xl,nsiit=l,t/ F Q l N r m x T E c R ~ ~  

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

* * * * * * * * * 

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

* * * * * 
* 

l d l i  
2 msig€ 3 
3 t o t a l  4 
4 a l x  2 
5 dtl 1 

* * * 1. 0-16 p0 - 
2. IJA-23 p0 - * 3 . m  po - * 4. m 
6. -239 p0 - * 7. IF238 p0 - 
5 . M  % I 

P- 
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* 1.sIEEL FE * 2. ELEL Fu-239 * 3. SDIW m-23 

1.m FUEL * 2.REEIEC 93mM .. . . . . . . . . . . . . . . . . . .  

5.oooWE-02, a3 1.60000602, M l.OoooOE-02, 
8.1oowE-03, U-238 1.25000602, 0-16 4.12woE-02, 
2.50ooaE-@2. 

3.50000E-01, SDIW 4.0000OE-01, SIEElr 2.50000E-01, 
7.00000E-01, sIEEL 3.0000OE-01, 

:!z*2E-zeeFL 
:!z*e***%*e*Z% 
:%*$***E2*Y*%z 
:**s***E2*YL**.:*** ' t* 

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

* * * * * * * * * * * * * * * * m * * * * * * * * * * * * m * * * * m * * ~ * * m m * m ~  -mthbhmtmt**m 
***************mm*** 

. . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  
**************** * * 
*wed irpttncdile' 

*m******m****m**m****m*~mt+**~***mthbhmtmtm~***thbhmtmt***m 
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* 
chhm**fmmm*******mmm*****m*************m******m*m*************m****m**m***m*t**m*******m****** * * ... blcckv- dverirpa... * 
**mmm-*m***mm*t**m********m***f*f**m****f**m****************mm******m**-*********m***** * * 
* 

* * * * * * * * * * * 

* * * * * 

m a s  
irpe defmilte3. -- 

1 1 iwt 
0 o s s d  
0 0 ith 
0 4 i b l  

0 2 *  

0 2 i t t  

0 4 *  

... ~ c a r t r d l s ( a n a y r a r e = i t e ~ )  ... 

* 

* * * * 

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

* * * 

* * 

0 
0 
0 
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H**** l***t*H**********~**t t tH******************-*****~m*~ *hhhhmHmn***mmttmm 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* * ...- frcmblcck i... 

29 & h 2 , l . l  

... mteridl &gmmts to -... 

* * * * * * 
* * * 

1 1m 2 N a  3.500oooEdl 
2 l a  3 -  4.0000O€E-01 
3 1m 1 S l E L  2.5M)00oE-o1 
4 2 m  393IIIM 7.00000oE-o1 
5 2 m  1SlEL 3.000m-01 

1418 & lan x q i r d  2,1.2 

***** 9 4 this is the COstmD set iQ.E&l 

rm &a 

0.47021614E40 

0.94043229woO 
0.508374UwoO 
0.470216I4WN 
0.254l87oQWX 

o - m m o m  

1418 
140000 

xi 

0.33998104E!+OO 30.0 
0.86ll3631E+oo 30.0 
0.33998104Eioo 90.0 
0.861u631woo 30.0 
0.339981opwM) l M . O  
0.861u631EiM) 150.0 

cl 

0.10869086Etoo 
0.57975809E-M 
0 . 1 0 8 6 9 0 8 ~  
0.57975809E-01 
0.1086908QWX 
0.579758093-01 
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*e 1.m-04 
*mml 1 . o m  
*ftgt 9.ooE+o1 

* t k  
* (=I 

3.2 
3.2 
3.2 
3.3 
3.3 ~~ 

3.4 
3.4 
3.4 

3.5 

3.5 

3.6 * 

I 
2 
3 
4 
5 
6 
7 

8 

9 

10 

* 16 
17 
17 
16 
14 u 
14 

15 

17 

18 

k-eff 
w 

1.oMx)ooM) 
0.81515341 
1.08858116 
l.ll496484 
1.12373763 
1.12948036 
l.U1&4986 
1.u287543 

IEdfP.4 
-1.Mx)woo 
-1.848E-01 
3.354E-01 
2.4243-02 
7.868E-03 
5.1103-03 
2.098E-03 
9.06224 

=Ftwise 
fissm- 
1.00- o.ooowo0 
8.996E-01 0 . O O m O  
3.508E-01 0.00owO0 
9.7503-02 2.1m-01 
4.8893-02 4.974341 
2.6043-02 4.974341 
9.496E-03 5.1893-01 
2.6973-03 5.4203-01 

ratio 

*m y&n - itpJ+& 
in%% -m 

g q ~  i t e z a b  €Luxexor  
1 5 3.3m-05 
2 10 5.9413-06 

8 **** 

1.13317541 2.646E-04 8.526E-04 5 .42W1 5.4203-01### 

*** y&n - i t p J + h  9 **** 
in%% WxKewlsS 

g q ~  ib ' '  €Lux- exor 
1 5 9.4313-06 
2 I2 1.0m-06 

1.13335922 1.622EN4 3.628E-04 5.8243-01 5.4203-01 ### 

... interface file rtam wittm.. 
1.U33l.547 -3.8603-05 7.2793-05 5.4193-01 5.42E-01 ### 

ix3xxtinemins 5.95433-02 
'""""""""""""""""""**m*****mm***m*m**m****t*m*m****** 
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*********m**********m*****~**~-*******~**m*m-**** 

&it M cn 03/24/95 with Solwr versim 01-25-95- release 2 . 6 1 ~  e 
*****m***m*****************************-*******-*~*~~-m*****m 
............................................. *mmmm**-m*c********m 
* * * * * U * * * * * * * H H * H * H * * * * * * * * * * * * ~ m * * * * * m m m m * * * * * * * * * * ~ ~ ~ * ~ * * m * * *  * * 

* * * * 
******************* 
....................... 

...edit olltpb... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

...hlcckvi - dit qx&E&xn . *... 
*kfystarteditadprt* 

* 

* 

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

* * * 
* * 
* * * * 

0.000000W00 
2.1- lle.p?r 

...€n?.mf ?Adti33 dit in5 ' . ... 

* * ...edit adprt... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  **m-** 

t * * * * 
... edit Epecifiovicn&.ta( -. .1 )... 

* &?cnaxn . .  of acss SgtLrn €dits... ... * * * 
* * * * * * * * * * * * * * 

c h i  1 

ats 4 
€ditl 5 

E Y ;  
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* 
* paint- d t f c e k p l a n e  1 , d W g r . ~ ~  3 , o f e c - s e b i a s .  
* 
*aqxExltnxrk!r 1 
* x& 1 x& 2 x& 3 x& 4 x-1IEsh 5 x-IIEsh 6 
* 

6 0.OMMM)WoO 0.0000oowOO 0.00oOOowOO O.oOOWowO0 0.OWOOOWX 0.OWWOWX 

* 4 6.496816344 0.0000wWOO 0.000000W00 O . o o O 0 0 O ~ O  O.OOOOOCEM0 0.00OIBO%OO * 3 1.1296oo3-03 8.782451E-04 8.123235344 5 532799344 4.W5IE-04 O.OOOCSJE40 * 2 1.5Mn88E-03 1 . 3 1 0 7 4 M  1.221545E-03 9:732105E44 8.y3235E44 5.532799344 
1 1.704111E-03 1.601047E-03 1.5007883-03 1.310747E-03 1.1296wE-03 8 . 7 8 2 4 5 M  

5 0.wx)OoowOO 0.00ooooEml o.oooOOowOo o.oooooowoo 0.00000owO0 0.000WowOO 

* * x& 9 x& 10 x& ll x& I2 
e 

x& 7 x& 8 

* 
painttotal d t f a k p l a n e  l.dhtud(paq, 3,ofrreaescCpiccrcsssgticnS. 

1 
x& 1 x& 2 x& 3 x& 4 x& 5 x& 6 x-IPesh 7 x-nrsh 8 

* 6 O.OooOwWo0 0.000000EdX) 0.00oOOowOO O.OW00owOO 0.000OOOWX 0.000OOOW00 O.OooOoowO0 0.000000WOO 
* 5 3096076E-03 1.6646023-03 1.5540443-03 O.OCOOOOW00 0000OOowOO 0000OOOWOO OOWOOowOO 0000oooEml * 4 1'070705E42 4.7652473-03 4.427475243 2.6483093-03 2'205208E-3 1'062666E-03 7'92577334 O'OOOOOCEMO * 3 1:@35UZ42 1.4319123-02 1.325457E-02 9.U163OE-03 7'63640'33-03 3'0463683-03 2'205208E-03 1:062666JHl3 * 2 2434128342 2.1269713-02 1.982762242 1.562306E42 1:3254573-02 9:U163OE-03 41427475E-03 2.648305E-03 
* 1 2:76295UE-02 2.59617542 2.434128342 2.1269TIE-02 1.835UZ-02 1.431912342 1.070705E42 4.7652473-03 

x& 9 x& 10 x& ll x& I2 * 

m n m - p  *ft**m*mmKm**-*H***---*****m*-- 

* 
* pintats dtfczk-plare  1 , d h t u d g r . ~ ~  3 , o f ~ c a c S . s s g t i c n S .  

*aqxExlt& 1 * 
x-rresh 1 x-1IEsh 2 xnesh 3 x-m& 4 x-1IEsh 5 xnesh 6 x& 7 x-msh 8 * 

* 6 0.0WOoowM) 0.000000WM) 0.00000owOO O.ooOOOOWX O.OOOOOOEbO0 0.00OWOWX O.OW00owOO 0.00WOOW00 
* 5 7.7865033-06 4.2046823-06 3.9215653-06 O.OOO00OWX 0.OOOOOOWX 0.00OWOWX 0.0M)OOowOO 0 . 0 0 M ) O ~ O  

4 3.972334E-04 1.20744lE-05 1.121518345 6.6482483-06 5.5298123-06 2.673369346 2.003UOE-06 0.00WoowOO 
* 3 6.844552E-04 5.33354aEiO4 4.9356lZE-04 3.38603lE44 2.826669344 7.66033lE-06 5.5298123-06 2.673369346 

2 9.08423GF4 7.936439344 7.397584E-04 5.8998583-04 4.9356123-04 3.38603lE-M 1.1215783-05 6.648248346 
* .% 

6.844552E-04 5.333548344 3.972334E64 1.2074433245 1 1.03l272E-03 9.689775E-04 9.084230344 7.936439364 
* x& 9 x& 10 x& 1l x& 12 

* 
* pintdtl d t f c e k p l a n e  1 , d h t u d w  3 , o f - m s g t i c n S .  
* 
*un€u&ntnxrk!r 1 

x& 1 x& 2 x& 3 x& 4 x& 5 x& 6 x& 7 x-1IEsh 8 * 
* 6 O.OooOoowO0 OoooOoowOO 000OOOOEcOO 0.oOOWOWX 0000OoowM) OOOOOOOWX OOooOOowOO 0000OOowOO * 5 0 o f x m o E M O  o:oooooowOo o:oooooowOo 0.m- o:oooooowOo o:oooooOnoo o:oWooowOo o:oooooowOo 

4 2:m738344 0.oooOoowOo 0 . 0 0 m o  o.ooo00owOo 0.00000owOo 0 . 0 0 0 ~ 0  0.0W00owO0 0.00oOOOEbOo 
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- 
3 3.6846183-04 2.865588E-04 2.650667E-04 1.807u2E-04 1.M468zE-04 O.OoOMx1woo 0.00000aW00 0.- * 2 4.8947llE-04 4.27508504 3.984238E-04 3.174702FAM 2.650661E-04 1.807u2E-04 0.00000aEi00 O.owOOoEtoo * 1 5.557617E-04 5.221605364 4.8947llE-04 4.27508GO4 3.684618E-04 2.86338E-04 2.u17383-04 0.000000E+00 

* x-msh 9 x-msh 10 x d  ll x-msh 12 

6 0.00000CIEi00 0.000000Ei00 0.oOoM)owOO 0.00000oEioo 
5 o.OCOOOOEi00 0.00000aE+00 0 . m m  0.000000W00 * 4 0.oMxxx)EtM) 0.000000Ei00 o.MXMoowO0 o.oooooOEtoo * 3 0.000000Et00 0.- 0.000000W00 0.000000Et00 * 2 0.000000W00 0.000000Et00 0.000000Ei00 0.000oOowO0 * 1 0.000000Et00 0.- 0.00Mxx)EtOo 0.00000~ 

* 

*****H***********f****m****f************~**m*********m*~**m****~m*****~**~~*m***** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* 
.......................... 

:%*%z**%*EE?!Em**: 
* * * * * * 
* 
* * 
* * 
* 

* 

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

****m***m***m****m**ttm*t*n* * * * 
* * * * * * * * 

* * 
* * * * 

0 
40000 

0 
4 m  
40000 
40000 

0 
0 

40000 
40000 
4 m  

0 
40000 

0 
0 

40000 
0 
0 

0 
0 
0 
79 
0 
0 
0 
0 

83 
7 
0 
0 

1418 
0 
0 
0 
0 
0 

0 
0 
0 

140000 
0 
0 
0 
0 

140000 
140000 

0 
0 

140000 
0 
0 
0 
0 
0 

3.8 
3.1 
0.6 
0.0 
0.0 
0.1 
0.0 
0.0 
0.1 
0.0 
0.1 
0.0 
0.5 
0.0 
0.0 
0.0 
0.0 
0.0 

0.4 
0.2 
0.0 
0.0 
0.0 
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 

* 
* * * * 

* 

* * * * * 
0 0 0 0;4 0;o ; 
0 0 0 0.0 0.0 
0 0 0 0.0 0.0 

4 m  0 0 0.0 0.0 
0 0 0 0.3 0.1 * 

40000 721 140000 0.2 0.1 * 
0 0 0 0.0 0.0 * 
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APPENDIX B: OPERATING SYSTEM SPECIFICS 

UNIx/UNICOS 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 STDEm are any error messages. 



APPENDIX B: OPE%WNG SYSTEM SPECIFICS Library Search Path 

GRUPXS 

ISOTXS 

BXSLIB 

Most files read or written by TWOHEX are in the current UNM 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 

SNXSPATH, then CWD. 

SNXSPATH, then CWD. 

SNXSPATH, then CWD, but see text below. 

setenv SNXSPATH /usr/tmp/xs 

ODNINP 

MACBCD 

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. 

None, the library is contained in the input file. 

CWD 

Table 5.2 UNM Search Path 

I- I I SEARCH PATH 
I 

MACRXS I Current Working Directory (CWD). 

XSLIBB I CWD I 
MENDI? I Path defined in the code on UNICOS. MENDF binaries I -1 are unavailable for SUN. 

XSLIB 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 can be used to protect an input BXSLIB file from being overwritten. See the 
discussion on page 5-37. 
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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 It is a three-dimensional version of the one-dimensional 
code, ONEDANT? 

THREEDANTm 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. 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 THREEDAN" package are: 

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

2. 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, 

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

4. direct (forward) or adjoint calculational capability, 

5. x-y-z and r-z-(3 geometry options, 

6. arbitrary anisotropic scattering order, 

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

8. inhomogeneous (fixed) source or kacalculation 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. “diamond-differencing” and adaptive weighted diamond differencing (AWDD) 
for solution of the transport equation, 

10. a diffusion solver that uses the multigrid method,6 

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 What Is In This User’s Guide 

The documentation described here constitutes a complete manual for the use of the 
THREEDANT 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 
. -  gy- , Il‘ ~~~ ,LIP,, A>‘, I$..- , 

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

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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DOCUMENTATION FOR THREEDANT USAGE 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 LIBRARTES” 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, TWODANT/GQ, and 
=EDANT - 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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DOCUMENTATION FOR THREEDANT USAGE What Is Available Elsewhere 

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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Input Block Order THREEDANT Ih'PUT OVERVIEW 

A THREEDANT INPUT OVERVIEW 

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-III consists of the nuclear data specifications. 

Block-IV contains mixing information. 

Block-V contains the rest of the input needed for spec fying the flux calcu 

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

ition. 
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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 full input would then look like that diagrammed on the following page. 



Input Block Order THREEDANT INPUT OVERVIEW 

Title Line Count I 
Title Line@) 

Block-I 
(Controls and Dims) 

I T 

Block-II 
(Geometry) 

T 

/ Block-ID I 
(Nuclear Data) 

T 

/ Text cross sections 
(optional) 

Block-IV . (Mixing) 

I 

Block-V 
(Solver Input) 

T 

Block-VI 
(Edit Input) 

Figure 6.1 THREEDANT Input Order 
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THREEDANTINPUTOVERVIEW 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 THREEDANT, they 
are LUXRAY, 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: 

s o u R c x =  0 0 0 1.1 1.1 0 0 0 0 0 

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, 1E1, 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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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 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. 

Comments 

A slash (0 may be used to enter comments in the input stream. After a slash is read no 
further processing of that card-image is done. 

Ouerators 

Several data operators are available to simplify the input. 

The data operators are specified in the general form 

n O  d 

where: 

n is the “data numerator,” either an integer or a blank, 
0 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= 0 0 0 2R 1.1 FO 

Note that the operators for FDO-like repeat and fill were used and were appended 
directly to the data numerator. In general, all the FD08 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 FTELD INPUT DETAILS” on page 9- 
13. 
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THREEDANT INPUT OVERVIEW Free Field Input Summary 

Frequently Used Operators 

Op erato? 
~ 

Functionality 

nRd 
nId 

nC d 
F d  

nY m 
nLd 

nz 
nS 
nQ 
nG m 

nNm 

nMm 

nx 

REPEAT the data item d, n times. 
INTERPOLATE (linear) n data items between data item d and the next 
data item. 
SCALE (multiply) the n previous entries by d. 
FILL the rest of the data string with the data item d. 
STRING REPEAT. Repeat the previous m strings, n times. 
INTERPOLATE LOGARITHMICALLY n data items between d and 
the next d. 
ZERO. Enter the value zero n successive times. 
SKIP. Skip the next n data items. 
SEQUENCE REPEAT. Enter the last m entries, n more times. 
SEQUENCE REPEAT WITH SIGN CHANGE. Same as the Q option 
but the sign of the m entries is changed every repeat. 
SEQUENCE REPEAT INVERT. Same as the Q option but the order of 
the m entries is inverted each repeat. 
SEQUENCE REPEAT INVERT WITH SIGN CHANGE. Same as N 
option but the sign is also changed every repeat. 
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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THREEDANTINPUTOVERVIEW 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 
MJN-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: 

SOTJRCF p;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 Po source values for each x mesh point in the first y 
mesh in the first z layer. The next string is the Po 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 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, 
KT, and NGROUP, deduces what NMQ must have been. 
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Title Line Control 
(316 Format) 
NHEAD,NO'ITY,NOLIST 

Block-1:Controls & Dimensions 

IGEOM 
NGROUP 
ISN 
MSO 
MT 
NZONE 
IM 
IT 
JM 
JT 
KM 
KT 

MAXLCM 
MAXSCM 

NOSOLV 
NOEDIT 

NOGEOD 
NOMIX 
NOASG 
NOMACR 
NOSLNP 
NOEDTT 
NOADJM 

T 

Block-EGeometry / 
XMESH m+1] 
YMESH [JM+l] 
ZMESH m+1] 

ZONES [IM;JM*KM] 

T 
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Block-III: Cross Sections 

LIB 
valid ODNZNP 

XSLIB 
zsoms 
GRUPXS 
BXSLIB 
MACRXS 
MACBCD 
XSLIBB 
0ocal)MENDF 
0ocal)MENDFG 
alternate XSLIB name 

WRITMXS 
valid MACBCD 

XSLIBB 
XSLIBF 
XSLIBE 

LNG 
BALXS 
NTICHI 
CHIVEC [NGROUP] 
LIBNAIVE 

Rest of this block is needed only for text 
libraries. 

-- -- I -- -- I -- 

W O R D  
IHM 
IHT 
IHS 
IFID0 
ITITL 
r n P 1  
SAVBXS 
KWIKRD (default: 1) 
NAMES [NISO] 
EDNAME m-31 
NTPI [NISO] 
VEL BGROUP] 
EBOUND [NGROUP+l] 

T 

if€ LIB= ODNINP, insert f ASCII text cross sections here 

Block-TV: Mixing 

MAILS [-;MT] 
ASSIGN [-;NZONE] 

PREMIX [-;-I 

ASGMOD [-;-I 
CMOD 

FMMM 

MATNAM [MT] 
ZONNAM [NZONEI 
MATSPEC [-I 
valid ATFRAC 

WTFRAC 
ATDEN 

KJWT [-I 

T 

/ Block-V Solver 

IEVT 
ISCT 
ITH 
IBL 
IBR 
IBT 
IBB 
IBFRNT 
IBBACK 

EPSI 
m 
IITM 
OITM 
ITLIM 
NOSIGF 
KCALC 

2 
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Solver (continued) 

--- Output Controls --- 

FLUXP 
XSECTP 
HSSRP 
SOURCP 
ANGP 
BALP 
RAFLUX 
RMFLUX 

--- Miscellaneous --- 

TRCOR 
valid: DUG 

BHS 
CESARO 
NO 

NORM 

CHI [NGROmM] 

DEN [TT;JT*KT] 

DENX UTI, DENY[JTJ, DENZWT] 
___ or ___ 

--- Spatial Discretization --- 

WDAMP [NGROUP] 

GRPSN [NGROUP] 
IQUAD 
WGT [MM] 
M u  WI 
ETA W I  

Solver (continued) 

INFLUX 

IPVT 
PV 
EV 
EVM 
XLAL. 
XLAH 
X L A X  
POD 
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Solver (continued) 

---Volumetric Source--- 

INSORS 

SOURCE [NGROuP;NMQ] 

SOURCX w,NMQl and 
SOURCY [JT’NMQI and 
SOURCZ [KTNMQ] 

SOURCX F;NMQl and 
SOURCY [JT,NMQl and 
SOURCZ WTNMQ] and 
SOURCE [NGROuPyNMQ] 

SOURCF lJT$T*KT*NGROUP*NMQl 

SOURCF LTTyJT*KT*NMQ] and 
SOURCE [NGROUP;NMQ] 

--- or --- 

___ or __- 

___ or __- 

--- or --- 

----Boundary Source----- 

Options 1: ---- 
SILEFT [NGROUP;JT*KT] 
SIRITE [NGROUP;JT*KT] 
SIBOTT [NGROUP;IT*KT] 
SITOP [NGROuP;IT*KT] 
SIFRNT [NGROUP;IT*JT] 
SIBACK [NGROUP;IT*JTl 

Options 2 ---- 
SALEFT [MM*4;NGROUP*JT*KT] 
SARlTE m*4;NGROUP*JT*KT] 
SABOTT [MM*4;NGROUP*IT*KT] 
SATOP ~*4;NGROUP*IT*KT] 
SAFRNT [MM*4;NGROUP*IT*JT] 
SABACK m*4;NGROUP*IT*JTl 

Options 3a: ---- 
BSLFTG [NGROUPI 
BSLFTY [JT] 
B S m  [KT] 
BSLFTA m*4] 

BSRITG [NGROUP] 
BSRITY [JT] 
BSRlTZ E T ]  
BSRITA m*4] 

Solver (continued) 

----Boundary Source (cont’d)---- 

BSBOTG [NGROUP] 
BSBOTX IJT] 
BSBOTZ [KT] 
BSBOTA m * 4 ]  

BSTOPG [NGROUP] 
BSTOPX IJT] 
BSTOPZ [KTI 
BSTOPA m * 4 ]  

BSFRNG [NGROUP] 
BSFRNX UT] 
BSFRNY [JT] 
BSFRNA m*41 

BSBAKG [NGROUPI 
BSBAKX [IT] 
BSBAKY [JT] 
BSBAKA m*4] 

Options 3b: ---- 
BSLFTG [NGROUP] 
BSLFTYZ [JTyKT] 
BSLFTA m*4] 

BSRITG [NGROUPI 
BSRITYZ [JT’KT] 
BSRITA m*4] 

BSBOTG [NGROUP] 
BSBOTXZ wyKTl  
BSBOTA m*4] 

BSTOPG [NGROUPI 
BSTOPXZ [ITKT] 
BSTOPA [MM*4] 

BSFRNG [NGROUPI 
BSFRNXY F y J T ]  
BSFRNA m * 4 ]  

BSBAKG [NGROUPI 
BSBAKXY UTJTI 
BSBAKA W * 4 ]  

/ 
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SOLVER (continued) 

----Boundary Source (cont'd)---- 

options 3c: ---- 
BSLFTG [NGROUP] 
BSLF'IYZ [m,KT*MM*4] 

BSRITG [NGROUP] 
BSRITYZ [P,KT*MM*4] 

BSBOTG [NGROUP] 
BSBOTXZ pTKT*MM*4] 

BSTOPG [NGROUP] 
BSTOPXZ F;KT*MM*4] 

BSFRNG [NGROUP] 
BSFRNXY PyJT*MM*4] 

BSBAKG [NGROUP] 
BSBAKXY [IT;JT*MM*4] 

Options3d --- 
BSLFTG [NGROUP] 
SALEFT W*4;JT*KT] 

BSRITG [NGROUP] 
SARITI' W*+JT*KT] 

BSBOTG [NGROUP] 
SABOTT [MM*4;IT*KT] 

BSTOPG [NGROUP] 
SATOPT W*4;IT*KT] 

BSFRNG [NGROUP] 
SAFRNT W*4;IT*JT] 

BSBAKG [NGROUP] 
SABAKT W*4;IT*JT] 

/ Block-VI: EDIT 

PTED 
ZNED 

POINTS 131, &*JT*KT 
EDZONE F;JT*KT] 

EDXS E], I&NFDT 
RESDNT 
EDISOS E], -so 
EDCONS E], -SO 
EDMATS [K], 
XDF F I  
YDF [JTI 
ZDF [KTI 

RSFE [NGROuP,-] 
RSFX P,-] 
RSJ?Y [m,-] 
RSFZ [KT-] 
RSFNAM [-3 

ICOLL E], -GROUP 
IGWED 

MICSUM [-] 
IRSUMS [-3 

MASSED 

POWER 
MEWPER 

RZFLUX 
RZMFLX 
EDOU" 
BWOLP 
AJED 
FLUXONE 

P W L m  
PLANE 
PLANE 
KPLANE 

T 

W E D A N T  USER'S GUIDE Version 3.0 6-27 



THREEDANT INPUT OVERVIEW MINIMANUAL 

6-28 THREEDANT USER'S GUIDE Version 3.0 

. . 



Introduction THREEDANT INPUT DETAILS 

A THREEDANT INPUT DETAILS 

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 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. 

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 may. 

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 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. Items in italics in the input instructions indicate actual values that may be entered 
for an array. You will frequently find switches where the input is the digit 0 or the 
digit 1. This will be represented by O/I 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. 

13. 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 imple- 
mentation on your platform, the input word, itself, is usually in lower case. 

14. 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 Control 
(format 316)a 

{Required} 

Word Name Comments 

1 NHEAD Number of title lines that follow! 

2 

3 

NOTTY Suppress output to on-line 
terminal? 
0/1 = no/yes. 

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

user 

text 

I '  I1 

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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Dimensions 
{Required} 

Name Comments 

IGEOM 

NGROUP 
ISN 

NISO 
MT 
NZONE 
IM 
IT 
JM 
JT 
KM 
KT 

Geometry. 14/15 = x-y-z/r-z-0 
or use one of the following character strings: 

X-FZ, R-Z-T 
Number of energy groups. 
Sn order to be used. If ISN is negative, code will use 
the Chebychev-Legendre (IQUAD=2) quadrature set. (See IQUAD 
input on page 6-54 .) 
Number of physical isotopes on the basic input cross-section library. 
Number of physical materialsa to be created. 
Number of geometric zonesb in problem. 
Number of coarse mesh intervals' in the x (or r) direction. 
Total number of fine mesh intervalsd in the x (or r) direction. 
Number of coarse mesh intervals in the y (or z) direction. 
Total number of fine mesh intervals in the y (or z) direction. 
Number of coarse mesh intervals in the z (or 0) direction. 
Total number of fine mesh intervals in the z (or 0) 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 
MAXLCM 

Length of SCM desired (default=4000010) 
Length of LCM desired (default=1400001o) 

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 
NOEDIT 
NOGEOD 

NOMIX 

NOASG 

NOMACR 

NOSLNP 

NOEDTT 

NOADJM 

Suppress solver module execution. 0/1 = 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. O/I = no/yes. 
Suppress writing ASGMAT file even though the assignment input 
in Block-N may be present. 0/1 = 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. O/I = no/yes. 
Suppress writing the EDITIT file even though Block-VI may be 
present. O / l  = no/yes. 
Suppress writing the ADJMAC file even though an adjoint 
calculation is called for. O/I = no/yes. 

Note: Default on all these controls is no. 
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Geometry Arraysa 
{Required} 

Name Comments 

XMESH pM+1] 
YMESH [JM+l] 
ZMESH [KM+1] 

ZONES pM;JM*KM] 

x (or r) coordinates of coarse mesh edges. 
y (or z) coordinates of coarse mesh edges. 
z (or 0) coordinates of coarse mesh edges. When r-z-0 
geometry used, 0 is in revolutions. 

Number of fine meshes in each coarse x (r) mesh 
Number of fine meshes in each coarse y (z) mesh 
Number of fine meshes in each coarse z (0) mesh 

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. 

a. Definitions of coarse mesh, line 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 units on 
page6-31. 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 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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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 
Isomsb 
XSLIB 

ODNINP 

GRUPXF 
BXSLJB 

MACRX9 

XSLJBB 

MACBCD 
MENDF 

MENDFG 

other 

DescriDtion 
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 
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. 
See “XSLIBB Card-Image Library File” on page 
10-12. 
ASCII form of MACRXS file. 
(LANL only) See “The Los Alamos MENDF5 
Cross-Section Library” on page 10-13. 
(LANL only) See “The Los Alamos MENDFSG 
Gamma Cross-Section Library” on page 10-14. 
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. 
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Nuclear Data Type and Options (Cont.) 
(Required} 

Name Comments 

WRITMXS 
[optional} 

LNG 
{optional} 
BALXS 
{optional} 

NTICHI 
{optional} 

CHIVEC 
[NGROUP] 
{optional} 

Controls the code’s writing certain ASCII cross-section files.e 
Enter one of the following words: 
Word DescriDtion 
MACBCD 

XSUBB 

XSUBE 

Creates the cross-section file named MACBCD, 
an ASCII image of the MACRXS binary file. 
Creates the cross-section file named XSLIBB, an 
ASCII image of the BXSLIB binary file. 
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 (lFIDO=O). 
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). 

Number of the last neutron group in a coupled neutron-photon 
library. Used only to separate neutrons from gammas in the edits. 
cross-section balance control. Enter one of the following values: 
WARNING See page 10-21 before using! 

XSUBF 

Value Description 
-I 

0 
I 

balance cross sections by adjusting absorption 
cross section. 
do not balance cross sections. (default) 
balance cross sections by adjusting self- 
scattering cross section. 

MENDF fission fraction to be used for the problem (LANL only). 
1/2/3 = PU239KJ235AJ238 (default is U235). Will be overridden 
by any CHIVEC input described below or by any zone-dependent 

Chi vector (fission fraction born into each group). Used for every 
isotope. Will be overridden by any zone dependent CHI input in 

CHI in input Block-V. 

Block-V. 

a. On UNM systems, the user may specify 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 I2LP1=1. See “Text Cross-Section Library Format” on page6-41. 
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 M A W S  library contains “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 6.1. 

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 may 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 

LIBNAME 
AVAILABLE? - GRUPXS 

ISOTXS 

BXSLlB 

MACBCD 

I other Ignored 
I 1 

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 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 BXSLJB 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 

W O R D  
D m  

IHT 
IHS 
{optional} 
ED0 
{optional} 

ITITL 
{optional} 
I2LP1 
{optional} 

SAVBXS 
{optional} 

KWIKRD 
{optional} 

NAMES N S O ]  
{optional} 

EDNAME m-31 
{optional} 

NTPI pnSO] 
{optional} 

VEL INGROUP] 
{optional} 

EBOUND [NGROUP+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. 
-I/O/lL? = Precision(4E18)/Los Alamos(6E12)/fixed- 
field FIDO/free-field. 
A title line precedes each table. O/I = no/yes 

Higher order scattering cross sections on the library 
contain the 2L+1 term. O/I = 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/I = no/yes. 
Process fixed-field FIDO-format, ASCII: text library 
with fast processor at the sacrifice of error checking? 
O/I = no/yes (default=yes). 
Character name for each of the input isotopes. Can be 
used later in mixes. (default names are: ISO1, 
IS02, . . . 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 IFlDO 
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 MM 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 ~ ~ + l + ~  are upscattering terms and the terms to 
the right of o ~ + ~  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 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 T in 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 
(Le., array name with appended equals sign) should be used. 
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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 

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

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, qg. In common usage, for the first level of mix- 
ing, q 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 
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 Zg is for that level. A more complete discussion of mixing will be 
found in the chapter “MATEIlU, MIXING TUTORIAL” starting on page 11-1. 

k 

i =  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 “effectiveyy 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 “effectiveyy 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 

ASSIGNb E-;NZONEl 

PREMIX [-;-I 
{optional} 

Instructions for mixing “isotopes” or premixes into 
“materials.” See details below. 
Assignments of materials to geometric zones. See 
below. 
Instructions for mixing “isotopes” into premixes. See 
below. 

I1 
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 may 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. 

MATLS inmt arrav 

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

MATIS= matI compl denl, comp2 den2, ... etc .... ; 
where mat1 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 ,  den2, and so on. Additional materials (i.e., mat2, m t 3 ,  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 PREMM 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= mat1 compl; mat2 comp2 den,; ... etc.... ; 

ASSIGN inmt array 

The general form of the ASSIGN instruction is shown below: 

ASSIGN= zone1 mat1 voll, mat2 ~ 0 1 2 ,  ... etc .... ; 
where zone1 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” 
~ 0 1 1 ,  vol2, and so on. Additional zones (i.e., zonez, 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= M4ZZ,S 

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=MATLS can not be used if you intend to use the 

ASGMOD input array described later in this section. 

PREMM inmt 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 compl 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, denl, 
den2, and so on. Additional temporary materials (i.e., tmat2, tmat3, and so on) may be 
defined in subsequent strings. A component may be 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 fie- 
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 andlor 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 MENDFS Cross-Section Library” on 
page 10-13. 

Mixing Array for a Concentration Search 
(Optional} 

Name Description 

ASGMODa [-;-I C1 parameters used in concentration searches. See the 
discussion below. 

1’ 
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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ASGMOD input 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 (Le., 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. 

C1(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 mat, vol,, mat, vol,, ... etc .... ; 
where zone is the character name of any zone in the problem, mat,, mat,, and so on are 
the character names of any of the materials that will be present in this zone, and vol,, 
vol,, and so on are the C1 values for respectively, mat,, mat,, 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 
(0 pt i o n a I} 

Name Description 

FMMM 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 In put 
{Optional} 

Name Comments 

ZONNAM pVZONE] 

MATSPEC [IMT] 

ATWT [SrNISO] 
{required } 

Character material names for Materials. Used only if 
the mat1 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. 
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, 
and/or weight fractions. 
Allowable entries are the words: 

ATDENS (default) atomic densities 
ATFRAC atomic fractions 
WTFMC weight fractions 

Can be input as a vector with up to MT entries (one for 
each Material) [See “Using Atomic Fractions or 
Weight Fractions WTSPEC)” 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=ATFRAC or WTFRAC, atomic weights 
must be available to the code. Entries for the ATWT 
array are made in pairs, as follows: 

ATWT= is01 atwtl is02 atwt2 .... 
where iso, is the isotope name (identifier) for isotope n 
on the cross-section library and atwt, 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 iffWSPEC=ATFRAC or WTFRAC and atomic weights are not available from the input 

library. 
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Desired Calculation 
(Required) 

Name Comments 

E V T  

ISCT 
ITH 
IBL 

IBR 

IBT 

IBB 

IBFRNT 

IBBACK 

Calculation type: Enter one of the following values:. 
Value DescriDtion 

0 source 

2 a (time absorption) search 
3 concentration search 
4 dimension search 

I keff 

Legendre order of scattering (default = 0). 
0/1 = direcvadjoint calculation (default = 0). 
Left boundary conditiona: O/I/3 = vacuum/reflective/white 
(default = vacuum). 

Right boundary condition: 0/1/3 = vacuum/reflective/white 
(default = vacuum). 
Top boundary condition: 
Whit& 
(default = vacuum). 
Bottom boundary condition: O/I/2/3 = vacuum/reflective/periodic/ 
white. 
(default = vacuum). 
Front boundary condition: 
white. 
(default = vacuum). 
Back boundary condition: 
white. 
(default = vacuum). 

O/I/2/3 = vacuum/reflective/periodic/ 

0/./2/3 = vacuum/reflective/periodic/ 

0/./2/3 = vacuum/reflective/periodic/ 

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=0.0001). 
lITL 
lITM Maximum number of inners allowed when near fission source 

OITM 
ITLlm 
NOSIGFa 

Maximum number of inner iterations per group at first (default=l). 

convergence (default chosen by code). 
Maximum number of outer iterations (default=20). 
Number of seconds time limit (default=unlimited). 
Inhibit fission multiplication in a fixed source problem. 
O/I = no/yes. 

I1 

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 ( l/kefi) xgcD where cI> is the fission distribution. Then the problem is rexun 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 

ll KcALc 
Special Criticality Convergence Scheme. 0/1 = no/yes. ll 

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. O/IB = no/isotropic/all moments. 
XSECTP Cross-section print. O/IE = no/principal/all . 
rnSSRP Fission source rate print. O/I = no/yes. 
SOURCP 
ANGP 

Source print. 0/1/23 = no/as inputhormalizedhoth . 
Print angular flux. O/I = no/yes. CAUTION! This is very LARGE 
output. ANGP=l will cause the RAELXM or AAmLXM file to be 
written. 
Coarse Mesh Interval Print Options. Enter one of the following 
values: 
Value Description 

BALP 

0 None 
I Print coarse mesh balance tables. 

RAFLUX 
RMFLUX 

Prepare angular flux file (RAFLXM or AAFLXM). O/I = no/yes. 
Prepare flux moments file (RMFLUX or AMF%UX). O/I = no/yes. 
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Miscellaneous Solver Input 
{Optional} 

Name Comments 

TRCOR 

NORM 

CHI [NGROUP;MI 

DEN pTJT*KT] 

DENX pTIc 

DENY [JT] 

DENZ ET] 

or 

and/or 

and/or 

WDAMP [NGROUP] 

Apply transport correctiona 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. 

Normalize the fission source rate to this value when IEVT.GE.l 
or normalize the inhomogeneous source rate to this value when 
IEVT.LT.l. NORM=O means no normalization. (Integral of 
source rate over all angle, space, and energy = NORM, except 
for k~ problems where the integral is equal to NORM*&*) 
Any fluxes printed here (Le., caused by setting FLUXP nonzero) 
will be normalized consistently with this source rate. 
Fission fraction born into each group? Enter by zone up to M 
zones. Succeeding zones (i.e., zones M+1 through NZONE) will 
use the CHI values from zone M. 
Density factor to use at each fine mesh point. 

Density factor to use at each fine x-mesh (default=l). 

Density factor to use at each fine y-mesh (default=l). 

Density factor to use at each fine z-mesh (default=l). 

Hags to activate adaptive weighted diamond differencing 
(AWDD)9 for each group. O.O/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 CHI from earlier blocks or from any cross-section library which contains 

c. In this second form, the density factor DEN(i,j,k), at mesh interval (ij,k) is computed as follows: 

d. Recommend 1.0 < W < 4.0 for shielding applications. 

CHI. 

DEN(ij,k) = DENx(i)*DENY(j)*DENZ(k) 
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Quadrature Details 

Name Description 

GFWSN [NGROUPIa 

[QUAD 

W G T ~  mC1 
{optional} 
Mwwxl 
{optional} 

ETA WMl 
{optional} 

Sn order to be used for each group. 

Source of the quadrature constants. 
Enter one of the following values: 
Value Description 

-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-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. 7 for details. 

Quadrature weights. 

Mu cosines. 

Eta cosines. 

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,l. 

MM = (ISN/2)**2 for iquad = 2. 
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Flux Guess From a File 
{Optional} 

Name Comments 

II -ux Read the initial flux guess from a file? 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=1 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. 

I '  
a. There is presently no text input flux guess available for THREEDAN". 

General Eigenvalue Search Controla 
{ IEVT >I} 

Comments I Name 
IPVT 

PV 

11 Ev 
EVM 

'Qpe of eigenvalue to search for in a concentration or dimension 
search. O/lL? = none / &E/ a. (default = 1). 
Value of keE or a 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). 

XLAL 
XLAH 
=AX 

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

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 = lO*EPSI). 

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

THREEDANT USER'S GUIDE Version 3.0 6-55 



THREEDANT INPUT DETAILS Block-V Details: Solver Input 

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} 

Comments ll 
XM 
YM [JM] 
ZM [KM] 

x-dimension fractional change per coarse mesh. 
y-dimension fractional change per coarse mesh. 
z-dimension fractional 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, 'IFREEDANT 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-XMESHi} * [l.O+EV*XMi], i=l, . . . ,IM 
YMESHj,, = YMESHj + {YMESHj+l-YMESHj} * [l.O+EV*YMj], j=1, . . . ,JM 

Although they may seem a bit awkward at first, the user will fbd these expressions to be 
quite flexible. With proper choice of the XMi, 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 E V T  = 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 
FMSRC. 
0/1= no/yes 

----- For a text-input source, choose one of the following options: 
Option 1: 
SOURCE [NGROUP; NMQI Source spectrum for each of NMQa 

moments. (Spatial distribution is 
assumed to be flat with value unity) 

Option 2: 
SOURCX F;NMQIb 

SOURCY [JT;NMQI 

SOURCZ [KTNMQI 

(input all three arrays) 
x (or r) spatial distribution for each 
moment. 
y (or z) spatial distribution for each 
moment. 
z (or e) spatial distribution for each 
moment. 

(Spectrum is assumed to be flat with value unity) 

Option 3: 
SOURCE [NGROUP; NMQI 
SOURCX cIT;NMQ] 

SOURCY [JT,NMQ] 

SOURCZ [KT;NMQI 

Option 4: 
SOURCF m;JT*KT*NGROUP*NMQ] 

Option 5: 
SOURCE [NGROUP; NMQI 
SOURCF p; JT*KT*NMQI 

(input all four arrays) 
Source spectrum. 
x (or r) spatial distribution for each 
moment. 
y (or z) spatial distribution for each 
moment. 
z (or e) spatial distribution for each 
moment. 

Spatial distribution for each row, 
group, and moment. 

(input both arrays) 
Source spectrum. 
Spatial distribution for each row and 
moment. 
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a. NMQ is not =.input value but is computed from the number of strings read. NMQ must correspond 
exactly to the number of moments in a P, expansion of the source. The number of moments is (n+1)2. 
n must be less than or equal to ISCT. See page 12-24 for more details. 

b. Only in option 4 is the complete pointwise source array, SOURCF(i,j,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(g,m), and the 
spatial distributions SOURCX(i,m), SOURCY(j,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 
SlLEFT INGRoup;JT*KT] Isotropic source on the left face. 

SILUTE [NGROUP;JT*KT] Isotropic source on the right face. 
SlBOTT mGROUP;IT*KT] 
SITOP [NGROUP;IT*KT] Isotropic source on the top face. 
SIFRNT [NGROUP;IT*JT] 
SlBACK [NGROUP;IT*JT] 

(Spectrum at each y,z mesh interval.) 

Isotropic source on the bottom face. 

Isotropic source on the front face. 
Isotropic source on the back face. 

Option 2: Full Angular Boundary Sourcea 
SALEFI’ wb*4;NGROUP*JT*KT] 

SARlTE m*4;NGROUP*JT*KT] Angular fluxes on the right face. 
SABOTT w*4;NGROUP*IT*KT] 
SATOP w*4;NGROUJ?*IT*KT] Angular fluxes on the top face. 
SAFRNT w*4;NGROUP*IT*JT] 
SABACK w*4;NGROUP*IT*JT] 

Angular flux on the left for each angle, 
group, and y,z mesh interval. 

Angular fluxes on the bottom face. 

Angular fluxes on the front face 
Angular fluxes on the back face 

I’  
a. The order of the angles is identical to that used in the S, Constants table in the output file. The order of 

0; mu > 0, eta 0, tsi 0; mu e 0, eta > 0, tsi e 0; mu > 0, 
0, tsi > 0; mu > 0, eta < 0, tsi > 0; mu < 0, eta > 0, tsi > 0, and mu > 0, 

the angularoctants is: mu 0, eta< 0, tsi 
eta> 0, tsi < 0; mu 
eta > 0, tsi > 0, where each angular boundary source requires four octants for specification. 

0, eta 

b. See “Quadrature Details” on page 6-54 for value of MM. 
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/ Top 

f "  
)X 

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. AI€ the vector input is defaulted to unity if not entered 
explicitly. The full angular source for the left face, for example, is constructed as follows 
for the 4 options (the source construction on the other faces is analogous): 

Option 3a- S(m,g,y,z) = BSLFTG(g)*BSLFTY(y)*BSLFIZ(z)*BSLFTA(m) 

Option 3 b- S (m,g, y,z) = B SLFTG(g) *B SLFTYZ(y,z) *B SLFTA(m) 

Option 3c- S(m,g,y,z) = BSLFTG(g)*BSLFTYZ(y,z,m) 

Option 3d- S(m,g,y,z) = BSLFTG(g)*SALEFT(m,y,z) 
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Bo u n d a ry Sou r ce Vect o r I n put Co m b i n at i o ns 
{ 0 pt i o n a I} 

Left Right Bottom TOP Front Back 

Option 3a: Boundary Source By Product Of Vectors 
BSLFTG BSRTTG BSBOTG BSTOPG BSFRNG BSBAKG 
[NGROUP] [NGROUP] [NGROUP] [NGROUP] [NGROUP] [NGROUP] 
BSLFTY 

[JTI 
BSLFTZ 
WI 

BSLFTA 
m*41 

BSRITY BSBOTX 

BSRTTZ BSBOTZ 

BSRITA BSBOTA 

[JTI F 1  

[KTI [KTI 

m * 4 1  m*41 

BSTOPX BSFRNX BSBAKX 

BSTOPZ BSFBNY BSBAKY 

BSTOPA BSFRNA BSBAKA 

F 1  in-I DTI 

[KT1 [JTI [JTI 

m*41 m*41 m*41 

Option 3b: Boundary Source By Product Of A Spectrum Vector, An Angular 
Distribution Vector, And A 2d Spatial Array 
BSLFTG 
[NGROUP] 
BSLFTYZ 

[m7KTl 
BSLFTA 

m a 4 1  

BSRITG BSBOTG 
[NGROUP] [NGROUP] 

BSBOTXZ 
l?T;KTl 

BSBOTA 
m * 4 1  

BSTOPG 
[NGROUP] 

BSFRNG BSBAKG 
[NGROUP] [NGROUPI 

BSTOPXZ BSFRNXY BSBAKXY 
DTKTI F,W l?T;JTI 

BSTOPA 
m*41 

BSFRNA 
m*41 

BSBAKA 
m*41 

Option 3c: Boundary Source By Product Of A Spectrum Vector And A 3d Space- 
Angle Array 
BSLFTG 
[NGROUP] 
BSLFTYZ 
[P,KT* 
MM*4] 

BSRITG BSBOTG 
[NGROUP] [NGROUP] 
BSRITYZ BSBOTXZ 
[m,KT* CIT;KT* 
MM*4] MM*4] 

BSTOPG 
[NGROUP] 
BSTOPXZ 
F , K T *  
MM*4] 

BSFRNG BSBAKG 
[NGROUP] [NGROUP] 
BSFRMZY BSBAKXY 
m J T *  m,n* 
MM*4] MM*4] 

Option 3d: Boundary Source By Product Of A Spectrum Vector And A 3d Angle- 
Space Array 
BSLFTG BSRITG BSBOTG 
[NGROUP] [NGROUP] [NGROUP] 
SALEFT SARITT SABOTT 
m*4; m*4; m*4; 

JT*KT] JT*KT] IT*KT] 

BSTOPG 
[NGROUP] 
SATOPT 
m*4; 

IT*KT] 

BSFRNG BSBAKG 
[NGROUP] [NGROUP] 
SAFRNT SABAKT 
m*4; m*4; 

IT*JTI IT*JT] 
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Edit Spatial Specifications 
{ Requ i reda) 

Name Comments 

Do edits by fine mesh. 04 = no/yes. II PTED 

II Do edits by zone. 
SOLVER zone. See EDZONE input below.) 

O/l = no/yes. (i.e., edit zone, not 

POINTS [<TT*JT*KT] 
{optional} 

EDZONE p;JT*KT] 
{optional} 

Fine mesh point (or interval) numbers at which point 
edits are desired. USED ONLY IF PTED=l. (Default= 
all points) 
Edit zone number for each fine mesh interval. USED 
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 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 MODU"' starting on page 
8-1. 
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Reaction Rates from Cross Sectionsa 
{Optionalb} 

Name Comments 

EDXS [<NEDT] 
{required’} 

RESDNT 

EDISOS [SJISO] 

EDCONS [SJISO] 

EDMATS [SJMT] 

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 tab1e“Edit Cross-Section Types 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 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 alternately 
be used but is not recommended. (default = none). 
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). 
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). 
Fine mesh density factors for the x(or r), y(or z) and z(or 0) 
directions, respectively. The density factor is used to 
multiply resident Constituent (see EDCONS), resident 
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 SOLVER to modify the cross sections at each mesh interval, the same 
density factors must be provided here in the XDF and/or YDF and/or ZDF arrays as well. The density 
factor at mesh interval (i,j,k) is computed as: 

XDF(i)*YDF(i)*ZDF(k) 
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Edit Cross-Section Types by Position and Name 

CROSS-SECTION INPUT VIA ISOTXS 
or GRUPXS 

EDIT 
Position Namea 

1 CHI..... 
2 NUSIGF.. 
3 TOTAL ... 
4 ABS..... 
5 N-PROT.. 
6 N-DEUT.. 
7 N-TRIT.. 
8 N-ALPH.. 
9 N-2N .... 
10 N-GAMM.. 
11 N-FISS.. 
12 TRNSPT.. 

CROSS-SECTION INPUT VIA ASCII 
TEXT 

rn 
not used 
nu-fission 
total 

absorption 

2 
3 

lb 

EDIT 
Position Name 

CHI.. . .. 
NUSIGF.. 
TOTAL ... 
ABS..... 
EDIT 1.. .' 
EDIT2.. . 
EDIT3 .. . 

N=IHT-3 4+N 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 

c. These are the default names that may be ovemdden with the user-option names in the EDNAME array 
cross-section library are EDIT cross sections chosen by the user. 

Of Block-DI. 
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Reaction Rates from User Response Functions 
{optionala} 

Name Comments 

RSFE mGROUP;M] 
{required if user input 
response functions are 
desired}. 

RSFX p;mb 
RSEY [JTM] 
RSFZ [KTM] 
{optional} 

RSFNAM [MI 
{optional} 

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 
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 0) 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.O) 
Character names for the user-input response functions 
specified above. (default = RSFP1, RSFP2, ... RSFPM) 

I '  
a. But either something from this grouping or the previous one must be input in order to produce reaction 

b. The m-th response function at space point (ij,k) and energy group g is computed as: 
rate edits. 

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

~ ~~ 

Name Comments 

ICOLL W G ]  

IGWED 

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) 
Print option on energy groups. Enter one of the following 
values: 
Value Descriution 

0 
I Print broad groups only 
2 
3 

Print energy group totals only 

Print broad groups only (same as 1) 
Print both broad groups and totals 
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Reaction Rate Summing 
{Optional} 

Name Comments 

MICSUM [<SO0 sums] 

[RSUMS [1500 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 0 (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). 
Response function 
specifications. 

reaction rate summing 

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 0 (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 zoneshoth (default=l). 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 
{required} 

MEVPER 
{required} 

Normalize to POWER megawatts? 

All printed reaction rates and the fluxes on files RTFLUX and 
RZFLUX (if requested) will be normalized. muxes 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). 

MeV released per fission (default=210 MeV). This value will be 
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. If 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 ODNINP 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 

EDOUTF’ 

BYVOLP 

AJEDd 

FLUXONE 

Write the CCCC standard zonea flux file RZFXUX or AZFLUX. 

Write the code-dependent zoneb flux moments file RZMFLX or 
AZMELX. 
O / .  = no/yes. 

ASCII output files control. Enter one of the following values: 
Value Description 

O/I =no/yes. 

-3 

-2 
0 Write neither file. (default) 
I Write EDTOUT file. 
2 
3 

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

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. 
O/I = no/yes. 
Regular (forward) edit/Adjoint edit. 
RTFLUX scalar flux file; adjoint edit uses the ATFLUX flux file. 
O/I = regular/adjoint. 
Flux override. O/I = 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 t h i s  switch is on. 

Regular edit uses the 

a. RZFLUX and AZFLUX are organized by solver zones. 
b. RZMFLX and A a a X  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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Special Plot Linkage 
{ 0 pt i onal} 

Name Comments 

P W L E D  

PLANE [rn] 
PLANE [ m ]  
KPLANE [ S T ]  

Write an ASCII file of the pointwise reaction rates to link to 
the TECPLOTO plotting package available commercially for 
a SUN workstation. 

0/./2/3 = print only/nothing/tecplot fileboth print and tecplot 
file. 

x mesh numbers at which to write a y-z distribution. 
y mesh numbers at which to write a x-z distribution. 
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 a l l  the fine mesh intervals, and any POINTS input will be ignored. 

To link to d e  TECPLOP 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 0 (print only) is chosen, no TECPLOP 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 

xt 

CHI 
NUSIGF 
TOTAL 
ABS 
MEND1 
MEND2 
MEND3 
MEND4 
MEND5 
MEND6 
MEND7 
MEND8 
MEND9 
MEND10 
N-FISS 
MEND12 

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 

prompt fission spectrum 
(only for fissionable materials) 

MEND13 total fission spectrum 
(only for fissionable materials) 

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 above. 
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APPENDIX A: SAMPLE INPUT 

Sample Problem: Standard koR 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-ID 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. 

Selected items in the output listing are described here. We focus on i.>ms pa  icular to a 
three-dimensional calculation. For a more thorough description of output items common 
to one-, two-, and three-dimensional calculations, the reader is referred to Appendix A 
in the chapter "ONEDANT USER'S GUIDE?'. 

Block-I shows this to be a 14x14~30 fine mesh problem in 8 x 8 ~ 4  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-ID, 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 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 5 ~ 1 0 - ~ ,  and we provide the CHI values (fission spec- 
trum) in this block. The rest of the input in this block specifies 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 
specify 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 first 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 5 ~ 1 0 - ~  in 29 total h e r s  and in 12.2 CPU 
seconds on a Cray YMI?. On page6-89 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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* * * * * * 
* * * * * * * * * * * * * * 

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

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

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

* * 

...listirg of cards in tk irplt stream... 

1. 2 0 
2. 3Dnrdel of a -.FER. 
3. cress sa2.a-S huprt . . .  
4. / 
5. / Blcck I... 
6. / 
7. ifsmxr-2 ~SZA im8 it=14 +8 j k l 4  
8. km4kt=30 
9. ~ ~ ~ ~ ~ 3 0 0 0 0 0 ~ 6 0 0 0 0 0  

10. t 
11. / 
12. /Blo=klI... u. / 
14. x&i+.O 15.0 30.0 35.0 40.0 45.0 50.0 55.0 70.0 
15. %Ynts=33111113 
16. yw&i+.O 5.0 15.0 30.0 40.0 45.0 50.0 55.0 70.0 
17. y ! n t ~ = l 2 3 2 1 1 1 3  
18. .m&?+.O 20.0 75.0 UO.0 350.0 
19. z r k S A l l l l 4  
20. / 
21. m l s s 3 r 2  z 3  zz 5; 7x2 5; 622 z5; 5rz 35; 4d M; z 2  66; 
22. 2 7r5. 8r5- 
23. 
24. 1 7 5 -  8r5. 
25. 
26. 1 7 5  8r5. 
27. 
28. 2 7r5; 8rs; 
29. t 
30. / 
31. / Blcckll'I... 
32. /. . 
33. 
34. %Z%L ihd itiw M t 

3rl Z 3  Z1'5; 7$1 5; 6rl 215; 5rl 3fi; 4rl 4rS; Zl 66; 

3rl Z 3  Z1'5; 7$1 5; 6rl2r5; 5rl35; 4r l4r5;  Zl 65; 

3?2 z 3  2r2'5; 722 5; 6l2 z5; 5x2 3x5; 46 4r5; M 66; 

35. COBe 
36. 1. 0.00745551 0.020608 O.ll4568 0.0704326 M.0 / 
37. 1. 0.0035254 0.00610511 0.205177 0.195443 0.0347967 2ro.O / 
38. 1. 0.00780136 0.00691403 0.329381 0.320586 0.0062088 0.00188282 0.0 / 
39. 1. 0.0274496 0.0260689 0.38981 0.36236 9.9297- 7.07208e-7 0.0 t 
40. aAd.kt 
41. 1. 0.00535418 O.OU177 0.116493 0.0716044 310.0 / 
42. 1. 0.00148604 1.2602- 0.220521 0.210436 0.037317 0.0 0.0 / 
43. 1. 0.005353 1.523- 0.344544 0.337506 0.00859855 0.00221707 0.0 / 
44. 1. 0.0134694 7.87302e-4 0.388356 0.374886 0.0016853 6.68299e7 0.0 t 
45. n4Tx.d 
46. 1. 3.107- 0.0 0.0658979 0.0474407 310.0 / 
48. 1. 4.4898- 0.0 0.186165 0.185304 0.00355466 4.570124 0.0 / 
47. 1. i.uo~e-4 0.0 0.10981 o.ioa42 0.017ax 0.0 0.0 

49. 1. 0.00107518 0.0 0.209933 0.208858 o.0010~8 1.n59-7 0.0 t 
50. adred 
51. 1. 0.0059788 0.0 0.184333 O.UO73 3rO.O / 
52. 1. 0.0176941 0.0 0.366121 0.318582 0.0437775 0.0 0.0 / 
53. 1. 0.0882741 0.0 0.615527 0.519591 0.0298432 2.06C5kA 0.0 / 
54. 1. 0.476591 0.0 1.09486 0.618265 0.00766209 8.7ll-7 0.0 t 
55. lrablk 
56. 1. 0.00743283 0.0189496 0.119648 0.069ll58 M.0 / 
57 1 0.0019906 1.752- 0.242195 0.230626 0.0404132 0.0 0.0 / 
58: 1: 0.00679036 2.0697- 0.356476 0.348414 0.00957027 0.w268621 0.0 / 
59. 1. 0.0158015 0.00113451 0.379433 0.363631 0.00127195 1.9957l-7 0.0 t 
m. z: / 
62. / Blcck Iv... 
63. / 
64. lmqsjsxs 
65. 
66. t 
67. / 
68. / Blcckv... 
69. / 
70. iAlt=l .ibl=l.w i b M &  Ztl=l cdXd.lX5SZtp2 
71. 
72. t 
73. / 
74. / BlockvI... 
75. / 
76. -1 m3%l dxtf=l n. G ~ Z U Y = ~ Z ~  2r3 zz 31s; llr2 315; iy 1; I(M 4r5; 2y 1; 9r2 s; ly 1; 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. m. 

&.OS-5 cfii-o.583319 0.40545 O.Oll23l 0.0 

812 615; 6x2 8r5; 3x2 Ilrs; 14r5; 2y 1; 3y 14; 

7 r l 2 r 3  Z l 3 5 ;  Ilrl3rS; ly 1; lGrl4r5; 2y 1; 9rl5r5; ly 1; 
6~161.5; 6rl8r5; 3 r l  llx5; 14rS; 2y 1; lOy 14; 

7 r l  Z 4  Z l 3 r 5 ;  I l r l 3 r5 ;  ly 1; lor1 4fi; 2y 1; 9rl5r5; ly 1; 
8rl 6r5; 6rl8rs; 3 r l  llr5; 16; 2y 1; l O y  14; 

7r2 z 4  2r2 3r5; llr2 3x5: ly 1; 1(M 4r5; 2y 1; 9d 5r5; ly 1; 
8r2 66: 6r2 8r5; 3r2 llr5; 14r5; 2y 1; 3y 14; 

* * 

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

* * 

* * * 
* 

* * * * 

* * 

* * 

* * 

* * * 
* * * * * * 

* * * * * * * 

* * * * * * * * 
* * * * 88 

89: pints2745 2746 2747 2748 2749 2750 2751 2752 2753 2754 2755 2756 2757 2758 / 

92. rsfeArl.0; 
93. t 

90. 
91. igZp333 ?ESalko 

2759 m3 2787 2801 2815 2829 2843 2851 2871 2885 2899 2913 2 9 ~ 1  * * * * 
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* 
* * 

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

O l m m r d  
8 i h n  
4 j l t  
5 j h s  
2 -  
1 ititl 

olwilad 

*t****************mmm*** 

... . . . . . . . . . . . . . . . . . . . . .  
'kqrstartwnizkereed * 

0.- 0.00000WM) 3 o.oMx)(lWOO 
0.00000WM) 0 . m 0  4 0 . 0 ~  

vel 

0.oOOOOEMN 
O.COYXE&J 

upz- 
0.0000aW00 
0.00- 

* * * * * * 
* 
* * 
*****m*****t*t*m*****m** 

............................ ........................... 

....................... * * 

* k € y d S r d z k e r e a d  * 

*keyed hlockivreed-rrats* 
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* 1. isil isol 1.0000owoo. 
2. i+o2 isoz 1.00ol3lEloo. 
3. isa3 is03 1 . 0 0 m .  
4. isoa is04 1.ooooowoo, 
5. isc6 isc5 1.00ooUEtKl. 

*mKmhm*******m 
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* 
* * * * * * 
* * * * * * * * * * * * 
* * * 
* * 
* 
* 
* * * 

* * 

-- 

1 l i e &  

0 
0 
1 

o i s d  
0 ith 
1 i h l  

5.000E-055.WOE-05 €pi 
1 l j = I . t l  

0 30 i i hn  

* * 

* 

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

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

* * 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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* * * * 

* * * * 

5 n t  
5 n Z a E  
a i m  
a j m  
4 ) a n  14 it 
14 jt 
30 M 
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* * * * 
......................... 

:E*EE****kE?Zm*: 
* * 

... ass&umb to -... 

z m 2 l . I E k n d  
m. rare m . m  

************** 
**************mm* * 
*keystart€aomstmts* 

*s8omstmtsfargup5 lto 4 
m eta xi 

* 
* * * 
* * * * * * 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
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*wteridLnepforkmshintenmls 5 , t o  Eadjmshintervals 14, to 1, adi rresh intarvdls 1, to 14. 

to 26adjmshirhervals 14, to 

27, to 30 a-13 j msh irhanmls 14, to 

1, adineshintervals 

1, ardimshintenmls 

1, to 14. 

1, to 14. 
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* 

n x n &  
0 0 . o m  
1 

1.5KEtOl 

2 
3. 000EiOl 

3 
3.5oowo1 

4 
4.000Et01 

5 

6 

7 

4.5oOEtol 

5.000Ei01 

5.5ooEio1 

7.000Ei01 
a 

yrresh 
O.OOOE+OO 

5.00owoo 
3 5.- 

3 5.- 
1.5oowol 

1 5.- 

1 5.- 

1 5.oooWM) 

1 5.- 

1 5.- 

3 5.- 

3.00owO1 

4.0oowo1 

4.- 

5.000Ei01 

5.50W1 

7.000Ei01 

3 

2 

presh 

0.00owM) 

5.oDOEtoO 
7.5oowo1 

5.OKlE.tOO 
1.30- 

5.000WOO 
1.50OEeCe 

5.- 

5.000Et00 

5.0CKEWJ0 

5.000Ei00 

4 5.00- 

5.00owoo 

5.0OCiBOO 

4 5.00owoo 
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* 

* * * * 

* 

. . . p K i m i p l  Qcss sedias ... 
Z2l-e chi rnl*fisslcn totdl aY - p .  

m. rare 
1 zm2l 5.83323-01 2.0606E-02 1.14573-01 7.45553-03 
2 ZU& 5.83323-01 1.31773-02 1.1649E-01 5.3542E-03 
3 & 5.83323-01 0.000owoO 6.58983-02 3.10743-04 
4 zcne4 5.83323-01 0.OWOEtW 1.84333-01 5.97643-03 
5 zu-I5 5.833Z-01 1.89503-02 1.l965E-01 7.43283-03 

... scat- minks.. . 
( 2 l + l r b  irdd33) 

* rn caderfirstgrp CLOGSs32&ns 
* 1 0  1 7.0433Fio2 
* 2  0 1 7.1604E-02 
* 3  0 1 4 .7m-02  
* 4  0 1 1.3437001 
* 5  0 1 6.9ll6E-02 

* * * * 

* * 
t * * * * 
* 

* * * 

zcl-32 
1 
2 
3 
4 
5 

Z2l-e chi m*fissicn tdal 
m. m 
1 zm2l 4.0545E-01 6.1057E-03 2.0!38E-o1 
2 zrn2 4.05453-01 1.2603E-04 2.20523-01 
3 4.05453-01 0.OOOowoO 1.098lE-01 
4 zcne4 4.05453-01 0 . O O O ~  3.66uE-01 
5 zu-I5 4.0545-01 1.7526E-04 2.42193-01 

. . .scatterirq m-. . . 
(2l+1 rb i rxEe3)  

d E ? = f i r S t g q  CLOGS -. 
0 2  1.9-1 3.47973-02 
0 2  2.1044E-Ol 3.73173-02 
0 2  1.06l4E-01 1.7689E-02 

0 2  2.3063EiOl 4.04uE-02 
0 2  3.18583-01 4.3n83-02 

1.99063-03 

t * * * * 

* 

...pzir&al CLOGS sedicns ... 

1 zma i .u3~-02 6.914m-03 ~.EWKE-OI 7.~~014~-03 
2 zrn2 1.l23lE-02 1.52383-04 3.4454E-01 5.35303-03 
3 zcne3 1.123lE-02 O.OOO~& 1.8676E-01 4.4899E-04 
4 ZXE4 1.123lE-02 O.OOOOEtO0 6.1553E-01 8.8274E-02 
5 Z X E ~  1.123lE-02 2.0698FiC4 3.56483-01 6.7904E-03 

* rn caderfirstgrp crosss32&ns 
* 1 0  3 3.20593-01 6.2086E-03 1.8828EO3 
* 2  0 3 3.375lE-01 8.59853-03 2.2l7lE-03 
* 3  0 3  1.853oE-01 3.55473-03 4.5701E-04 
* 4  0 3  5.1959E-01 2.9843E-02 2.06053-04 
* 5  0 3 3.4WJ2-01 9.57033-03 2.6862603 

* * 

* * * * * * 

. . . L W .  CLOGS sedias ... 
ZaE chi nl*fisiiIn Mal 

m. m 
1 & 0 . 0 0 0 ~  2.6069E-02 3.8981341 2.745OE-02 
2 zrn2 O.oo0owOO 7.873OE-04 3.8836E-01 1.34693-02 
3 & 0.0000W00 O.WOoE+oO 2.0993E-01 1.0752E-03 
4 zor4 O.oo0oE+oO 0.0WOEtW 1.09493+00 4.7659E-01 
5 ZOXS O.oOOOEtO0 1.U45E-03 3.7943E-01 1.5802E62 

* . . .scat- rcahicg.. . 
* (2l+l rpt jn3fkd) 
* rn caderfirstgrp crosss32&ns 
* 1 0  4 3.6236E-01 9.9297!2-04 7.072lE-CJ7 
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* 5'1% i 0 5 0.94651U 8.53036E-03 O.oooOowOO 0.00000W00 **roht 
7.54 2 4 3 0.97258730 2.0394E!302 2.440UE-01 2.597463-01 *k* 
9.27 3 4 3 0.97336421 3.52853E-05 3.43649E-52 3.19468E-52 *k* 

10.76 4 4 2 0.97344585 -8.685-06 6.071233-03 5.148753-03 %* 
12.25 5 4 2 0.97347159 7.40002!3-06 2.54046E-03 9.468993-04 %* 
33.74 6 4 2 0.97347769 1.834013-06 1.102093-03 2.309043-04 *k* 

""1p v 0 . s  u% 1 
2 2 0.14Ea4 u: 1: 3 
4 4 o:m-04 9: 3: 25 
3 1 0463-04 9 3 30 
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* ... t i th-3DrrCdelof  asrellFER. ... * * * 
* ............................. 
:%*Es*?i?EE**s****: 

r m  

* * 
sance fissialsance 

* 1 0.0000000W00 5.83319003-01 * 2 0.- 4.0545000E-01 
3 0.- 1.l231OooE-02 * 4 0.- 0.- * *  ; M 0.- 1.- 

* * 
*I--- 

9.36064343-02 -2.59348lOE-I3 

4.3338687E-01 5.58368613-01 
6.0224756E-02 6.5357654E-02 

2.47017593-01 4.52no70~-0i 
9.0152168~-01 4.7787527~4n i.mn89~-02 
1.5724966EtOl 5.3335904E-01 7.7843956E-02 
1.9304294EtM 6.5330803242 7.088lmE-02 
9.87991uE-01 1.20766€42-06 5.U16761E-03 

8.3423565E-01 1.076497oEeoo 3.69187?3Ei€ll 1.0765663Eioo 1.6569469E-01 

* 1 3.98597363-03 3.9859736E-03 
2 2.56l3073E-02 2.56l3073E-02 * 3 2.391462OE-02 2.391462034 
4 1.5826589343 1.5826589E-03 * *  

4.16571213-03 4.1657l213-03 
2.6512387E-02 2.65l238iE-02 
2.4460558342 2.44605583-02 
1.602646934 1.6026469E-03 

1.842804E-03 3.6856031343 3.9000696E439 

l.lza3UE-02 2.2506595E-02 5.3ll4597E-08 
9.7318647E-04 1.948709E-03 4.25082903439 

1.28592a~-02 2.rn8496~4-2 5.4039m-08 

2.6928566E-02 5.3857065E-02 3.8133656Ea :M 5.5096326E-02 5.5096326342 
* 

5.6743304E-02 5.674l304E42 

1 1.6653345E-16 -4.7184479E-16 

* 3 7.77156123-16 -2.4424907E-15 * 4 3.469447OE-17 -1.387i788E-16 

* 2 9.9920072~-16 - 2 . n 5 5 ~ 6 ~ - ~  

* 

1.84219913-03 2.6283041Fc01 
1.2859233E-02 3.905865lE-01 
1.1253262E-02 3.0268953H1 
9.7318439E-04 4.38935443-(32 

* 
:M 1.9775848E-E -5.8286709E-E 2.69284983-02 1.00WOOOEi00 

* M i t t i g L i d ~ a m e t q 3 E r a t e b E p a p . . .  * 10.5065 20 .919  3 0.5087 40.5358 

~info...tsq,t~%,trelx,tpt3,tintrp= 5.00 6.84 3.58 1.03 0 . 7 3 d .  
* 

-01 
0.000000OEtOO 
1.0000000W00 
8.3423565E-01 
1.076497OE+OO 
3.6918773EtOl 
l.o765663E+OO 
1.6569469FOl 
5.5096326E-02 
5.5096326E-02 
5.6743304E-m 
5.674l304E-02 
2.6928566E-02 
5.38570653-02 
1.1904513-07 

... interhcefile*uaitten.. 

... interhce file 913cILs scittel.. 

t m L  i& tirre, ndns 2.76243-01 
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* * €dit nn cn 01/17/95 w i t h  SdLVer Versicn 10-U-94- release 2.5 uaciim e 

* * * * * * * 

* 
* 

* * * * 

* * 

* * * * 
* * * * 

* 

0.00ooOoEtoo 
2.1- 

5% 
2746 
2747 
2748 
2749 
2750 
2751 
2752 
2753 
2754 
2755 
2756 
2757 
2758 
2759 
27-73 
2787 

2815 
2829 
2843 
2857 
2871 
2885 
2899 
29u 
2927 

2801 

: 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
I3 
14 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

j 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
3 
4 
5 
6 
7 

9 
10 
ll 
I2 
I3 
14 

a 
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*m*********m***m**m*** 

...paint d t  fCn:brc€dgrap 1 ... 
* * * * ... ?xqxrSe fumtxrs ... 

* * * * * 

* * * * 

* * * * 

t 
t 

t * * * * * 
t 

t * * * 

* * * * * * * 
* * 
t * * * * * 
t 

* * * * * * 

* * * 

* * * * * * 
* * * 

2745 
2746 
2747 
2748 
2749 
2750 
2751 
2752 
2753 
2754 
2755 
2756 
2757 
2758 
2759 
2773 
2787 
2801 
2815 
2829 
2843 
2857 
2871 
2885 
2899 
29U 
2927 

2.5000 
7.5000 

12.5000 
17.5000 
22.5000 
27.5000 
32.5000 
37.5000 
42.5000 
47.5000 
52.5000 
57.5000 
62.5000 
67.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 

9.205793-05 
9.056llE-05 
8.756703-05 
8.312UE-05 
7.711103-05 
6.97l32E-05 
5.854ZE-05 
4.550623-05 
3.881943-05 
3.53697E-05 
2.6w86E-05 
1.39354005 
6.712l2E-06 
3.471253-06 
9.075543-05 
8.82229E-05 
8.44229M5 
7 -952UE-05 
7.33623M5 
6.62376E-05 
5.825393-05 
4.924693-05 
3.96686E-05 
2.783703-05 
1.496943-05 
7.150643-06 
3.7U36E-06 

... meiit f a t e o a d m  1 ... 

12.64OOE+OS 1.10036Eto1 
2 9.6Ow)Ero4 4.86814E01 
3 3.750- 9.32824E-02 
4 3.750- 9.328253-02 
5 3.6750!305 1.19799MO 

2745 
2746 
2747 
2748 
2749 
2750 
2751 
2752 
2753 
2754 
2755 
2756 
2757 
2758 
2759 
2773 
2787 
2801 
2815 
2829 
2843 
2857 
2871 
2885 
2899 
29U 
2927 

2.5000 
7.5000 

12.5000 
17.5000 
22.5000 
27.5000 
32.5000 
37.5000 
42.5000 
47.5000 
52. 5000 
57.5000 
62.5000 
67.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5003 
2.5000 
2.5000 
2.5000 
2.5000 

5.067393-04 
4.984583-04 
4.819723-04 
4.574963-04 
4.25019344 
3.e48123-04 
3.339903-04 
2.854043-04 
2.503053-04 
2 .llO18E-04 
1.6ll.763-04 
1.08919344 
6.452903-05 
3.018UE-05 
4.996563-04 
4.855923-04 
4.647183-04 
4.37329EO4 
4.038253-04 
3. 64799Eio4 
3.210OOE-04 
2.7318634 
2.225733-04 
1.697083-04 
1.14813E@4 
6.837603-05 
3.18106~~05 

... mat fateoadgmQ 2 ... 

... ?-? j- -- ... 
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* * * * * * * 

* 
* 
* * * * * * * * 
* 

t * * 
* * 

* 

* 
* * * 

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

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

12.64003105 6.18625EtOl 
29.6CO&Od 4.42842EtOO 
3 3.75WcA03 6.09456E-01 
4 3.75wwo3 6.09456E-01 
53.675oEx.05 1.-1 

am 7.3MoEeo5 7.86669EtO1 
-- 

-..pint edit fcrhxdqmq 3 ... 

2745 
2746 
2747 
2748 
2749 
2750 
2751 
2752 
2753 
2754 
2755 
2756 
2757 
2758 
2759 m 
2801 
2815 
2829 
2843 
2857 
2851 
2885 
2899 
29U 
2927 

2787 

2.5000 
7.5000 

12.5000 
17.5000 
22.5000 
27.m 
32.5000 
37.5000 
42.5000 
47.5000 
52.5000 
!57.5000 
62.m 
67.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2 . m  
2.5000 
2.5000 
2.5000 
2.5000 

... m-eedit f a c I n o 3 d ~  3 ... 

12.64WEN5 4.216QEtO1 
29.MMOEtoQ 4.4l97WO 
3 3.7MoE+o3 4.62737E-01 
4 3.75LXE4.03 4.62737E-01 
5 3.675oEh.05 1.1834l€+ol 

...pint edit farhxdqmq 4 ... 

2745 
2746 
2747 
2748 
2749 
2750 
2751 
2752 
2753 
2754 
2755 
2756 
2757 
2758 
2759 
2773 

2801 
2815 
2829 
2843 
2857 
2671 
2885 
2899 
*29U 
2927 

nm 

* * * ... -edit fc rhxdw 4 ... * 

2.5000 
7.5000 
12.m 
17.5000 
22.m 
27.5000 
32.5000 
37.5000 
42.5000 
47.5000 
52.5000 
57.5000 
62.m 
67.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.50M) 
2.5000 
2.5000 
2.5000 
2.5000 

* * * ... reqnr;efinrticrs ... 
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* * 
* 

* * * * 

* * * * * 

* * * 

* * * 

* 
* * * * 
* 

* * * * * * * * 

* * * 

12.64ooEto5 1.59649WO 
2 9.6OOoEd34 3.50324E-01 
3 3.75@3?303 2.525113-02 
4 3.7500E43 2.525UE-02 
5 3.67- 7.35933E-01 

... pin td t  farthesunof therartrcnWJx6 ... 

... sgqrnse f u d a n 5  ... 

2745 
2746 
2747 
2748 
2749 
2750 
2751 
2752 
2753 
2754 
2755 
2756 
2757 
2758 
2759 
2773 

2801 
2815 
2629 
2843 
2857 

2885 
2899 
29U 
2927 

27m 

2871 

avrad 

2.5000 
7.5000 

12.5000 
17.5000 
22.5000 
27.5000 
32.5000 
37.5000 
42.5000 
47.5000 
52.5000 
57.5000 
62.5000 
61.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5003 
2.5000 

mfl 

... ZaEl35.t forthesmof therattrmWJx6 ... 

12.64ooEto5 1.16629EM2 
2 9.6oMlE+oQ 9.6853-0 
3 3.750oEl.03 1.l9073woo 
4 3.75ooE+@3 1.19073woo 
5 3.61MEto5 2.4925W1 
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* * * * * 
* 
* * * * * * 
* 
* * * 
* * * 
* 
* * * 
* * 

* * * * * * 
* * 
* * * 

* * * 

* * * 

* * * * * 
+ a n v e r s a a e a i ~ & .  
mte rke f i l eaapcun i t t en .  

*interface filesms.unit&n. * * startdltc2Xakun. 
€dits mpl&€d. * * 

* * 
* 

* 
* 

* 

* n  
loti z 101 
102 * 103 * 104 * 105 * 106 * 107 * 108 * 109 * m  * 200 * 201 * 202 * 203 * 204 * 205 * 206 * 207 * 208 * 210 * m  * 300 

* 302 * 301 

L4&*, 

0 0  
9548 30oooO 

0 0  
W.5 3 W O  

72 3 0 W  
2 m  3 m  

0 0  
0 0  

235 300000 
1068 300000 

15442 3ooOOO 
0 0  

907l.3 300000 
0 0  
0 0  

l393 30oooO 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

36090 30oooO 
0 0  
0 0  

+*m******M 
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APPENDIX B: OPERATING SYSTEM SPECIFICS 

UN”UN1COS Execution 

On UNM: 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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GRUPXS 

ISOTXS 

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 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 

SNXSPATH, then CWD. 

SNXSPATH, then CWD. 

setenv SNXSPATH /usr/tmp/xs 

BXSLlB 

ODNTNP 

and THREEDANT will then look in that named directory for the library. The search 
path for each of the possible libraries is given in Table 6.2. 

SNXSPATH, then CWD, but see text below. 

None, the library is contained in the input file. 

Table 6.2 UNM Search Path 

SEARCH PATH I 
MACRXS I Current Working Directory (CWD). 

MACBCD I CWD 

XSLBB I CWD 

MENDP I Path defined in the code on UNICOS. MENDF binaries -1 are unavailable for SUN. 

XSLIB I 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 6-40. 
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INTRODUCTION 

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-III, 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 

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) 
s&u 

The numerical value (an even integer) entered for the parameter ISN is simply the value 
of N in S,, that is, the angular quadrature order desired for the current calculation. The 
discrete-ordinates, or S,, approximation is described in ‘Qiscrete-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 

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 40,0OO1o 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 input, 
the user can specify the maximum amount of large core memory (LCM) he wishes to 
use. If unspecsed, the value of MAXLCM is defaulted to 140,0001~ 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 from 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. 

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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Geometry-related information is passed to the appropriate SOLVER module and the 
EDIT module solely by means of the GEODST standard interface file.’ 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-11 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, lWODANT/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 xim1i2 and 
xi+1/2 with xi-112 < xi+1/> 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 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 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 XINTS array in input Block-11 or the INNTS 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-11 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-11, or (ii) the NZNR and MR 
arrays on a GEODST standard file. In the ZONES array input the zone number, n (1 5 n 
- < NZONE), is determined by the order in which zones are specified in the ASSIGN 
array input in Block-IV (See “ASSIGNING MATERIALS 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 0 (zero) can be used to specify that a coarse mesh inter- 
val is a pure void (all cross sections are identically zero). A “0” 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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MORE DETAILS ON SOLVER INPUT 

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 SOLVER 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: 

If Struns (x ,  g )  is available. 

If not, 

Isotropic scatter 

Anisotropic scatter 

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, Ztrans (x ,  g )  is 
the macroscopic transport cross section (transport is normally provided on the ISOTXS 
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/ 

or GRUPXS files), and Zsl (x ,  g 3 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, 
IITL, is taken (ITTL=l), then the iteration procedure for solving the transport equation 
begins with solving the conventional, multigroup diffusion equation: 

G 

g ' = g + l  
g = 1, ..., G 

where g is the energy group number, 

k is the W s i o n  sub-outer iteration index, 

- is the removal cross section, OR, g - % , g - O s , g + g  

G 
k 

g' g 
ak (y) = ("of) @ , (y) is the fission distribution. 

g' = 1 

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 
(k=O) 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 1D 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: 

g' = 1 

g = 1, ..., G 
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where 1 is the inner iteration index, 

w, ( r ,  Q) is the angular flux for group g, 

I I 
$g ( r )  = J’w, (r ,  Q) d~ is the transport scalar flux, 

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 (Eq. (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, 4:’ ,comes from the solution of the DSA 
equation for this group, i.e.: 

g‘ = 1 

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, 4; ( 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 h e r s  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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The convergence of the iterations is monitored at both the inner and the outer iteration 
level. The input parameters that control the number of iterations are EPSI, EPSO, IITL, 
IITM, and OEM found in Block-V of the solver module input. 

Inner Iteration Converpence. 

The inner iterations for a given energy group are said to be converged when the point- 
wise scalar fluxes from one inner iteration to the next satisfy the condition: 

where #, 
EPSI is the user-input inner iteration convergence criterion. 

is the scalar flux for mesh point i, group g, and inner iteration I ,  and where 

Diffusion Sub-outer Iteration Converpence. 

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 

and 

where 

k 
Q, is the fission distribution at sub-outer k, 

EPS = max (EPSI, O.Ol*(O.l**p) ) , 
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The notation (F,G) denotes the inner product, or volume integral, of the product F*G. In 
the above, A:', 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 precision EPSI. 

Trans~ort Source Iteration Converpence. 

The convergence of the transport source triggers the increase of the number of transport 
h e r s  from IITL=l to IITL=IITM 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 

< 10.0*EPSZ 

and 

11 - < l.S*EPSI , (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, 

Final Converpence 

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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max 
i 

order that the pointwise fluxes be allowed to meet the convergence criterion before the 
number of inner iterations reaches IITL. 

< E P S I  

aP i 

For eigenvalue problems (EVT > 0), 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 IJTM (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 first converge the fissionhpscatter 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, Le., when 

and 

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. 

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 
r r_  .,, __.^ du 

In the printed output from 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 Aspects 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 hp - 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= 
0) since only one outer iteration is required. The inner iteration monitor print is triggered 
by lITL 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# 0) 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. 

Warninp Messapes - and Their Meaninps 

In the inner iteration monitor several warning messages are provided for the user if the 
calculation encountered some difficulty. 

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. 

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 
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, 

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 
(SO), 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 S, quadrature 
set to be symmetric about p = 0. 
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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 IBL/IBR, 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. 

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. 

The DANTSYS code package has the option of obtaining the discrete-ordinates angular 
quadrature coefficients from a SNCONS standard interface file1, 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 

For most problems the PN set is satisfactory. For thin-slab problems in which the angu- 
lar representation for the leakage flux is important, the DPN set is recommended. For 
cylindrical or two-angle plane calculations with anisotropic scattering, the GQN set is 
recommended. The GQN 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 S, 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 S ,  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 - zw,, zpm, and c w , p r n  

exceed 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 input, that is, the WGT and 
MU input arrays will override any other source of quadrature constants. 

rn m rn 

For the two and three dimensional modules, the default quadrature set is the so called 
TWOTRAN set which goes up to S16 in even orders. This is a triangular set which is 
based on Gaussian levels measured from the y 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 SSO in even 
values of S ,  order and up to Sloe in steps of 10 from S50. The main attribute of this set is 
that it exactly integrates the spherical harmonics up to order Sn-1. For more information, 
see Ref. 3. 

For problems containing fissile or fissionable nuclides it is necessary to provide the code 
with the groupwise fission fractions, xg, g=1,2 . . . , NGROUP. From certain of the 
cross-section libraries (ISOTXS, GRUPXS, MENDF, etc.) a single x 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-ID through the card-image CHIVEC input array. 
Again, this is a single x 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 x 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 x'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 x vectors (1 1. N 5 NZONE) with each vector containing NGROUP x values. 
The first x 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 x vector is applied to zone num- 
ber 2 (defined by the second entry in the ASSIGN array), etc. If the total number of x 
vectors in the CHI array is less than NZONE (the total number of zones), then the last x 
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 x's provided 
either from the cross-section library or from the CHIVEC array in Block-ID. 
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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 0 or -1 for ONEDANT and 0 for all the other 
solvers. In ONEDANT, EW=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 supercriti- 
cal) or upscattering is present. 

The user must supply the specifications for the inhomogeneous sources either in the 
input or from a mXSRC3 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. 

Distributed Source Inmt 

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 Eq. (20) on page 12-26) : 

NMQ 

Q , < ~ , Q )  = C (2L+1)Rn(Q)G,,g(r) , g = l , . . . , ~  GROUP (12) 
n = l  

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) = Q,, ( 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 (5) , Pi (5) cos@, P, (5) , 
-P2 & 2  (5) cos24, -P ,  (5) cos@, and @ P i  ( 6 )  cos3,+ are needed. These 6 6 60 
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moments are defined by Eq. (19a) on page 12-26 using multigroup notation and recall- 
ing that for cylindrical geometry p is replaced by 5. The six moments to be supplied 
in the input are thus: 

and 

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 fine 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. 

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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Surface (Boun-darv) Source Input 

With a surface (boundary) source present, the incoming angular flux on the surface is set 
equal to a user-supplied source, Qm: 

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 FTXSRC' standard interface file. 

For card-image input the left boundary surface sources are input via the SILEFI' array 
(angularly isotropic) or the SALEFT array (for angle-dependent sources). Similarly, 
right boundary surface sources are input via the SlRITE 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 FTXSRC standard interface file, the user-input param- 
eter INSORS in Block-V must be set to unity and the appropriate mXSRC file must be 
available at the time of code execution. 

Angle-dependent surface sources can be input through the SARITE and SALEFT input 
arrays. Currently, SALEFI' can only be used in plane (X, X Y ,  XYZ)  geometry. The sur- 
face sources are actually angular fluxes, vmYg, 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 
SALEFT entries is as follows: 

Slab Geometry (IGEOM= 1 or SLAB or PLANE): 

The ordering of the angles is as shown below (s6 used for illustration). 

1 .o 0.0 -1.0 
0 1 1 1 - - - - - - - I I I 0 

P4 p5 P6 P1 P2 P3 

Figure 7.2 Ordering in slab geometry. 
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Using the s6 quadrature illustrated above, the correspondence between the SAlUTE and 
SALEFT ordering index, m, and the angular directions (shown above) is as follows: 

Table 7.1 Source Ordering Index in Slab Geometry. 

m 
1 
2 
3 

SARITE SALEFT 
P P 
P1 P4 
h k 
P3 k 

NOTE: The SALEFT ordering differs from the SARITE ordering in terms of the Ipl 
associated with the ordered angular fluxes. For example, the first entry in SARIT.E (for 
each group) corresponds to p1 while the first entry in SALEFT (for each group) corre- 
sponds to p4 and lpll f pk 
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Cylindrical Geometry (IGEOM= 2 or CYLINDER or CYL): 

Using S6 for illustrative purposes, the principal octant (p > 0, 77 > 0) of the unit sphere 
of angular directions is as shown below. 

Figure 7.3 Quadrature points in cylindrical geometry. 

The order, m, in which the SA€UTE angular fluxes are entered for each energy group is 
correlated to the (p,~) angular directions (shown above) in the table below: 

Table 7.2 Source Ordering Index in Cylindrical Geometry 

m P 
- 
-P1 
-P2 
-P1 
-P3 

-k 
-P1 

77 

771 

772 

772 

773 

773 

773 

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) 
--.__IIIIxI-xpI ,-.,--- _I___.-.-"X --- I-x1 

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. 

7-30 GEOhETRY, SOLVER INPUT DETAILS Version 3.0 



MORE DETAILS ON SOLVER INPUT Transport Corrections for the Cross Sections [ TRCOR 1 

If NORM= 0 or omitted from Block-V no normalization is done. 

If NORM= XX, where XX is positive, and inhomogeneous (fixed) sources exist 
(IEVT 2 0), 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 andor 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 > 0), then the calculation is performed and normalized such that the 
total rate at which neutrons are produced by fission reactions is XX. 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 XX neutronshnit 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 MEWER 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. 

Transport Corrections for the Cross Sections ( TRCOR ) 
l r  S I  ” 

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 (0 5 ISCT 5 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 W O R D  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 merent types of transport corrections allowed in the code. They are 
selected 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: 

and 

ISCT+ 1 
( g + g ) ,  I = 0,1, ..., ISCT.  

where the notation 6 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: 

and 

ZSCAT + 1 ( g  +g’) , I = 0, l..., ISCT . I 
6 5 . ( g - , g )  = o,(i?+g) - c o s  

g’ 

0 If TRCOR=CESARO, the n*-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: 

(ISCT+2-1)  ( ISCT+l-E)  I o,(g + g’) , E = 1, ..., ISCT.  
(ISCT+ 2 )  (ISCT+ 1) 6; (g  + g’) = 

This Cesbo correction ensures that the truncated Legendre expansion for the scattering 
cross section from group g to group g’ is (i) positive, (ii) preserves the E = 0 (i.e., Po) 
moment of the scabering cross section, and (E) converges to the same value as 
~ 5 .  (g  + g’) for large values of ISCT (see Ref. 2). 
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Note that if ISCT= 0, the Cesbo correction does nothing to the cross sections -- the mul- 
tiplier of os ( g  + g') is unity. Generally, the Cesbo transport correction should only be 
used with ISCT 2 2. 

l 

At the time of the writing of this manual, little experience has been had with the Cesbo 
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. 

Leakage from 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-'. If diffusion theory is assumed adequate, then the flux shape in the transverse 
directions, say z, is of the form cosnz/i so that the flux shape function vanishes at the 
extrapolated system half-heights +h/2. Applying this to the transport equation the 
transverse leakage appears as a buckling absorption with a buckling absorption cross 
section given by 

l2  n 
o*BHGT + 1.4209 ' 

where o is the macroscopic zone total cross section, BHGT (or similarly BWTH) is the 
buckling height (or buckling width), and 1.4209h 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. 

--- .""x-__ I X I  

Eigenvalue Searches 
**A.J 

It is possible to per€orm an eigenvalue search on material concentration (concentration 
search), system dimensions (dimension search), or the time absorption (alpha search) to 
achieve a desired value of kep The type of search is controlled by the input parameter 
EVT supplied in Block-V of the card-image input as follows: 
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EVI? Type of Eigenvalue 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 and  
or fission, IEVT=O for inhomoge- 
neous source problems without 
upscatter or fissions, and IEVT=1 
for &E calculations. 

For time-absorption calculations, the time-dependent angular flux is assumed to be sepa- 
rable in time and space, viz., 

If this assumption is inserted into the time-dependent transport equation, the exponen- 
tials cancel and a fictitious cross-section term of the form alv, 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 = 0 for an exactly critical system, and a > 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 critical system. The modified coarse-mesh boundaries, k, are calculated from 
the hitid input boundaries, Rk 

- 
R,+ 1 = R,  + ( R k +  -Rk) *(l+EV* RM, ) , k=1,2 ,..., IM , 

where EV is the eigenvalue sought in the search. The factors R M k  are the coarse-mesh 
radii modifiers which are input by the user via the RM array in the Block-V card-image 
input, and control how the coarse-mesh boundaries are modified. Clearly, if RMk is 
zero, the thichess of the kth zone is not altered. If all RMk are unity, the System dimen- 
sions are uniformly expanded (EV < 0) or contracted (EV e 0). 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 k e ,  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 k g i s  input by the user as PV (in Block-V). 

For concentration searches @EVT=3) and dimension searches @EVT==4), it is also possi- 
ble to adjust the appropriate system parameter to achieve a system whose neutral parti- 
cle flu 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 a as the 
parametric value PV in the input. Note that an a of 0.0 corresponds to a normal concen- 
tration or dimension search on a kefof 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 kefftype 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 h unity where h is defined as 

k (Fission source) + Inhomogeneous source 
(Fission source) k- + Inhomogeneous source 

h =  

for the kth 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 h from unity for each outer iteration is plotted. 

For the initial system, NEWPAR continues the outer iteration until two successive val- 
ues of h differ by less than EPSO. For subsequent sequences of h values, a different 
convergence precision, XLAX, is used. After the first converged h sequence is 
obtained, the initial value of the eigenvalue (EV) is altered by EVM, an input value. If 
h > 1 (multiplying system), the new eigenvalue is equal to EV+EVM, if h < 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 h 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 I1 - hi, this fit proceeds in different ways. A parabolic fit cannot 
be made until three converged values of h are available, and is not attempted unless I1 - 
hi is greater than an input search lower limit (XLAL) and less than an input search upper 
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limit @,AH). E a parabolic fit is tried and the roots are imaginary, a straight-line fit is 
used. E 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 h - l), 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 

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 I1 - hl > XLAH, (1 - h) in Eq. (17) is replaced by XLAH (with the correct 
sign) to prevent too large a change in EV. Mter I1 - hl < X L a ,  the value of EVS is 
fixed and kept constant until convergence to prevent numerical difficulty in the approxi- 
mation of the derivative when h is close to unity. 

Because parametric search problems represent sequences of keg calculations, it 
behooves the user to study the use of subroutine NEWAR 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 h 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=0.5 or less is frequently used in such searches. 

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-like mode. In addition to transposing the scattering matrices, the fission 
source term in the transport equation is transposed so that instead of x,Z (vc-) h@h , one 

has (vc-) gZ ~ ~ 4 ~ .  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 Q must be identified as the adjoint solution for direction 
Ll 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- 

All group-order inversions and fission source and scattering matrix transpositions are 
performed by the code; the user need only set the input parameter ITH in Block-V to 
unity to effect an adjoint calculation. (Tf the problem contains inhomogeneous sources, 
these sources must quantitatively be, of course, the adjoint sources.) 

ing. 

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 ATFLUXl 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 “INTEWACE 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 

INTRODUCTION 

The basic function of the Edit Module is to perform postprocessing, or edit, operations 
after the flux calculation is done. Tkvo basically different types of edits may be 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, ZNAmN, 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 (ATFLUX file). 
Either an RTFLUX or an ATFLUX 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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REACTIONRATES Spatial Options for Edits 

REACTION RATES 

Edits can be performed on the fine spatial mesh points (as specified in Block-II 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 i* spatial mesh point is com- 
puted as 

where: 

4iyg = scalar flux for mesh point i, energy group g. 

qYs= a response function which may be either input directly via the RSFE and 
RSFX arrays (below) or formed from input cross sections. 

8' denotes an Edit energy-broad-group (See "Energy Group Options For Edits" 
on page 8-10) consisting of one or more Solver energy groups. 

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 PLANE, PLANE, 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, TECPLOTO 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, PRPLTED = 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 

(9 each and every fine-mesh interval (point) must be assigned to an Edit Zone, 
that is, given an Edit Zone number, 

0 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. 

Examp1e: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 FCELD INPUT REFER- 
ENCE," the EDZONE specification could be provided as EDZONE = 
1OR1, 1OR2,  10R3 to specify that the first 10-space intervals are in Edit 
Zone 1, the second 10 in Edit Zone 2, and the third 10 in Edit 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 Z, 
as 

If 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 TWODANTJGQ, 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. 

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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Examp1e: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 
“epithermal” 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=12,9,3 to collapse the fist 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 IGWED input parameter in Block-VI is used to control the printed output with 
respect to the Edit Energy-Broad-Groups. With IGWED=O only the energy-group total 
(sum over all groups) of the edit quantities is printed. With IGWED= 1 or 2, edit quan- 
tities for each of the Edit Energy-Broad-Groups are printed. With IGFWED= 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, $i,g, and a response function, R, g, (for spatial mesh point i and 
energy group g). In this section are described the various forms that the response func- 
tion Q,g can take. 

Cross-Section ResDonse 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,a), 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. 

Examp1e: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,” “N-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, X i ,  at mesh point i, energy group g is 
defined as the actual macroscopic cross secbon that was used by the Solver Mod- 
ule. To obtain this as the response function, namely 

RES 

RES 
Ri,g = ' i , g  

the Block-VI input parameter RESDNT is set to unity. 

2. Isotope Microscopic Cross-Section Response Functions: EDISOS Input Array. 
Isotope microscopic cross section, cg , may be used for the response functions 
by identifying the isotopes desired through 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 function 

I S 0  

I S 0  
R i r g = a g  , 

I S 0  
is spatially constant so that the edit quantity ag @i, 
point i even if the isotope was not physically present at that location. 

will be calculated at mesh 

3. Resident Constituent Cross-Section Rfjgonse Functions: EDCONS Input Array. 
Resident constituent cross sections, X i ,  , 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 Rpg is 

so I S 0  I S 0  
Ri,g = Nf cg = xi,, Y 

for spatial mesh interval i, group g. 

4. Material Cross-Section Response Functions: EDMATS Input Array. 
MATL Material macroscopic cross sections, , can be used for the response func- 8 tion by identifying the desired materials through the EDMATS array in the 

Block-VI input. In this material edit the macroscopic cross sections for the mate- 
rials specified in the MATLS 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 ZNATDN standard interface 
files. Thus, for a material cross-section edit the response functions are of the 
form 

MATL R,,,  = Zg . 
Note that these response functions are spatially constant so that the edit quantity 

+i,g will be calculated at each mesh point, i, even if the material was not 
physically present at that location. 

User-Inwt ResDonse Functions: RSFE. RSFX 

In addition to response functions based on cross-section data, the user may directly input 
response functions 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, 

NOTE: 

Ri,g = RSFE, * RSFX, . 
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 
RSFT and RSEZ 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. Huxes can similarly be renormalized by use of the appropriate normal- 
ization factor in either the RSFE or RSFX arrays. 

Response Function Summing 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 summing, while the IRSUMS array provides for the 
specification of user-input response function summing. Each of these is described 
below. 

d-,-*,,*' I " I , ,  ~ 

wm, -'-*: i 

Cross-Section ResDonse 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 0 
(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. 

If the EDCONS array is not specified and the EDISOS array is specified, the summing 
dehed by the MICSUM array applies to the isotope microscopic cross sections. Iso- 
topes used in the MICSUM array must have been used in the EDISOS array. 

Examp1e:Suppose the EDCONS array were specified as 

EDCONS = PU239, PU240, PU241, U238, 

and the MICSUM array were specified as 

MICSUM= PU239, PU241, 0, “N-GAMM,” “N-mSS,” 0, 
PU240, U238, 0, ABS 

For mesh point i, energy group g, the two sums specified in the MICSUM array would 
be 

P U239 PUN1 
SUM 1: { [Ni(O“yy+d)g] + [Ni(dYY+ d),] } * 

User-Inuut Resuonse Functions Sums: IRSUMS. 

Through the use of the IRSUMS input array in Block-VI, user-input response function 
edit sums can be computed. The input to the lRSUMS 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 0 (zero). Edit quantities are calculated for each response function spec- 
ified and the edit quantities summed to form the first 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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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 
EDIT module at the time of execution. (“Adjoint Computations” on page7-37 
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) 
7 -  - - 7  _I-,.- --- 

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 file 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 DESCRZP- 
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. 



REACTION RATES ASCII File Output Capabilities (the EDOUTF Parameter) 
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MASS INVENTORIES 

MASSED 

0 

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. 

Action 

none 

The input variable for the mass edit in Block-VI is “MASSED.” The allowed input val- 
ues are shown in Table 8.1. 

la 1 Edit by Solver zones 
I 

2 1 Edit by Edit zonesb 

I Edit by both Solver and Edit zones 1 3  
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 all of the DANTSYS codes except TWODANT/GQ, the 

default for the edit zones is the come mesh. For TWODANTI 
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-N 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, fiom whence the Edit Module acquires them. 

*If the problem geometry has an infinite lateral dimension, the masses (and volumes) are given per unit 
height. 
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MASSED 

0 

la 
2 

3 
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Action 

none 

Total inventory for the whole problem 

Inventories by Edit zonesb 

Inventories for both Total and Edit 
zones 
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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 mD0 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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b Y S  
FREE FIELD DEFINITIONS 

There are four basic input quantities in the free field input; they are ARRAY, DATA 
ITEM, BLOCK, and STRING. Each of these is 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." 

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=o 0 0 1.1 1.1 0 0 0 0 0 

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 freely throughout except within a data item, within an array name, or between 
an array name and its equal sign. 

Numeric data items follow a FORTFUN input convention. For example, all of the fol- 
lowing are valid entries for the number ten: 

10, 1.0+1, 1E1, 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 follow a FORTRAN variable name convention in that they are 
composed of up to eight characters, the first of which must be alphabetic with the rest 
alphanumeric. However, special characters or blanks may be included if the data item is 
sunrounded by double quotes. Operators may NOT be used with character data items. 

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 in the input array descriptions. 

A slash (0 may be 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. Most of these opera- 
tors are FDOl operators, but several are new and represent extensions to FIDO. 

In free-field the data operators are specified in the general form 

n O  d 

where: 

n is the “data numerator,” an integer, or a blank, 
0 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 0 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 FlDO 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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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-image to denote a single 
record or line of characters. Thus, an 80-column 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 differently than any 

other column. 

2. Delimiters (Separators) and Terminators 

a. Data Item Delimiter (Separator): one or more blanks, a comma, or end of 
card: 

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 items 
by a blank, comma, or end of card. 

b. Card Terminator: Slash (0, delimiting not required. All entries on a card 
beyond the slash are ignored. 

c. Block Terminator: Delimited T. Information beyond the T on the card will 
be ignored. 

d. Array Terminator: New array name or Block Terminator. 
e. String Delimiter: Semicolon (;), delimiting not required on ;. 
f. String Terminator: Semicolon or new array name or Block Terminator. 

g. 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. 

b. 

Must begin with alphabetic character [see c. below for exception] and may 
contain from one to eight characters. 
Must not contain any of the following characters: =, $, *, blank, comma, 
slash, semicolon, double quote (”). [See c. below for exception.] 
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. 

c. 

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, 
CHI= 0.95, 0.10 0.05 0.0 . 
Within a given Block, arrays may be entered in any order. b. 

6.  Block Identification and Ordering 
a. No explicit Block identification is required. Array identification is s ~ -  

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 FTDO operators, but several are new and represent extensions to FTDO. 

IMPORTANT NOTE: The data operators can only be used with arrays containing 
integer, real, or a combination of integerheal data entries. They are NOT usable 
with arrays that may contain character data items. 

In free-field the data operators are specified in the general form 

n O  d 

where: 

n is the “data numerator,” an integer, or blank, 
0 is any one of several “data operators” described in Table 9.1; and 
d is a “data entry’’ (may be blank for some operators). 
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FILL OPTION Fill the remainder of the data string 
with the value d. 

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 may be any 
number of blanks between the data operator and the “data entry” if the latter is 
required. 

ZERO OPTION Enter the value zero in the data 
string n successive times. Examde: 42 + 0 0 0 0 

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. 

SKIP OPTION Causes the pointer to skip n positions 
in the current string leaving the data values in those 
positions unchanged. 

In the table below an entry of - for either the data numerator or data entry indicates that 
the item is not required for the particular data operator. 

Table 9.1 Free Field Data Operators 

SEQUENCE REPEAT OPTION 1: Enter the last m 
data entries into the current string in sequence n 
successive times. Example: 1 2 3 1 2 3 1 2 3 can be 
input as 1 2 3 2Q3. 

Data 
Numerator 

n 

n 

Remarks 

REPEAT OPTION Enter the data entry d n succes- 
sive times in the current data string. 
Example: 3R 0.0 + 0.0 0.0 0.0 

Data Data 
Operator Entry 

R d 

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 &a 
entry. Allowed for both real and integer data although 
the spacing between interpolated integer data points 
must be integer. Example: 311,5 + 1 2 3 4 5 but 
311,4 will cause an error if the array data type is inte 
ger. 

LOGARITHMIC INTERPOLATE OPTION The 
effect is the same as that of “I” except that the result- 
ing interpolates are equally separated in log-space. 

FREE FIELD INPUT REFERENCE Version 3.0 9-15 



FREEFIELD INPUT DETAILS User-Specified Input Formats 

Table 9.1 Free Field Data Operators (Cont.) 

hnerator Operator ==i- Data 
Entry 

m 

m 

m 

m 

Remarks 

SEQUENCE REPEAT OPTION 2: Same effect as 
‘Q’ except the sign of each entry in the sequence is 
Beversed each time the sequence is repeated. 
Zxample 1 2 -1 -2 1 2 can be input as 1 2 2G2. 

SEQUENCE REPEAT OPTION 3: Same effect as 
‘Q7 except the order of the sequence is reversed 
:ach time the sequence is entered. For example, 4 5 
5 6 5 4 4 5 6 can be input as 4 5 6 2N3. 

SEQUENCE REPEAT OPTION 4: Same effect as 
‘N’, except the sign of each entry in the sequence is 
yeversed each time the sequence is entered. 
Example: 1 2 3 -3 -2 -1 1 2 3 can be input as 1 2 3 
2M3. 

STRING REPEAT OPTION Enter the preceding m 
strings of data into the current array n successive 
times. (For multistring arrays only.) 

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 
Eount is not correct, 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.) 

SEQUENCE MULTIPLY OPTION Enter the last n 
data entries, multiplied by d, into the current data 
string. 

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: 

U ODerator: 

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 FORTRAN rules. 

Example: 

CHI= u 
(6E12.5) 
data in 6E12.5 format 

V Ouerator: 

Has same 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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Cross sections may be input in a fixed-field FIDO format. But none of Blocks-I through 
VI input contain any fixed-field F’IDO format. Details of the format are given below. 

1. Card-Image Ground Rules 
a. Seventy-two (72) columns available. 
b. Each card divided into six “fieldsyy of 12 columns each. 
c. Each 1Zcolumn “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). 

2. Delimiters (Separators) and Terminators 
a. 
b. 
C. 

d. 

e. 

f. 

Data Item Delimiter (Separator): Field and subfield column boundaries. 
All entries following the slash on the card are ignored. 
Block Terminator: T in second subfield of any field. All entries beyond the 
T on that card are ignored. 
Array Terminator: New array identified in first and second subfields of next 
field, or a Block Terminator. 
String Delimiter: Semicolon (;) in second subfield of any field. Data sub- 
field of that field is ignored. 
String Terminator: Semicolon or Array Terminator or Block Terminator. 

3. 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 4. 

Character data not allowed. 

5. Array Identification and Ordering 
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a. To identify an array for which data are to be entered in the fixed-field FlDO 
format, one simply enters the array number (integer, 5 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 may be 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 FlDO data operators consist of a subset of the operators used in 
the free-field input shown in Table9.1 plus the special fixed field operators 
shown in Table 9.2. Only T, *, R, -, +, and 2 may be used. In fixed-field FlDO 
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. 
c. 

the “data operator” must be entered in the second subfield of a field; and 
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 

Data 
Numerator 

n 

n 

n 

Data 
Operator 

* 

+ 

Data 1 
Entrv Remarks 

FLOATING ARRAY IDENTIFIER. The unique 
array number is n. Precedes the data in the arrav. 

~~ 

d POSITNE EXP0NEN"UXION. This will enter a 
single number with magnitude d x 
the mantissa and n is the tens exponent. If no deci- 
mal point is present in d, it will be assumed to be at 
the far right. 

Le., d is 

d NEGAT~VE EXPONENTIATION.  his will enter 
a single number with magnitude d x 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 at 
the far right. 
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INTRODUCTION 

INTRODUCTION 

In this chapter, we address the details of the many ways that multigroup 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 multigroup 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-SECI'ION LIBRARY ISOTXS and GRUPXS Standard Interface Files 

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. 

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 By default, the file 
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 LIBNAM€kjiZename in the input, wherefilename 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 
-".--~-" -_-_ n____ . d a * * . .  

~ . ~ ~ .  . .. . ., 
L A &  1 

The basic multigroup cross sections for isotopes can be provided in a card-image library 
whose form is referred to as Los Alamos, 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 LIB=ODNINP or LIB=XSLIB. If LIB= ODNINP, the library card- 
images 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=jZename where file- 
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 namedfifilename. 

CROSS-SECTION LIBRARIES Version 3.0 10-9 



INPUT OF THE BASIC CROSS-SECTION LIBRARY Card-Image Libraries in Los Alamos, ANISN, or Free Field 

Position 
in the 
Row 

OrderinP of Cross Sections Within a Cross-Section Table 

Cross-Section Type Collective 
For Group g Designation 

The Los Alamos, 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 MM 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 0, (position MT) and the within-group scattering cross section 
(position IHS). Note that the values of MM, MT, and IHS are user input values in 
Block-III. 

IHT-2 

IER-1 

Each cross-section table contains the cross sections for one Legendre scattering order for 
one isotope as MM*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 MM entries for group 2, etc. 

Principal o a  

VGC Cross 

Table 10.1 Cross-Section Ordering In A Card-Image Library 

IH?a 
- I  

Sections 
ot 

I Upscatter 

IHSa 
IHS+l 

MS+2 

ma 

- 
Cross 

MS-2 Sections 

G,(g+g) Self 

Gs(g-l+g) 

Gs(g-2+g) Downscatter 
Cross 

Sections 

Last Position 
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Card-Imape 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 DIDO input parameter in the Block-III input. 

In the traditional Los Alamos format (IFIDO= 0), also called the DTF format, the data 
are entered on the card-images in 6E12 format. 

For more accuracy a similar format @;n>O= -1) is provided, for which the data are 
entered on the card-images in 4E18 format. 

In the fixed-field FIDO format (IFIDO= l), 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, ITlTL in the Block-III input. 

AnisotroDic Scatterinp and the OrderinP 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 

n = O  

where po = 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 CY: (g’ + g) needed for the Legendre expansion. 

4 
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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 sections 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, etc., 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-section 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 MAXOKD is an input parameter in Block-III. 

Note that the library may contain scattering data for up to a MAXOKD order of anisot- 
ropy, but the actual transport calculation can be performed assuming an ISCT order of 
anisotropy so long as ISCT 5 MAXOKD. 

Binary Form of Card-Image Libraries (the BXSLIB file) --- - . -.---- --, x-.-- I--. 

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-ID input, 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-Section 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-Section Library Format” in the 
Block-III input description of any of the User’s Guides. The information placed there 
will be that provided in the originating LIB= ODNINP or LIB= XSLIB 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. 

By entering LIB=XSLIBB in the Block-ID input, the user instructs the code to use the 
specialized isotopic cross-section file named XSLIBB. XSLIBB 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, A m ,  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 
~,.",~4y-------, ---XI,---  , ,,--__--.,,,, 

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 multi- 
group isotope cross sections. These four files 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 file 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 ZNAmN 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. 
b. 

MACRXS is required if the SOLVER module is to be executed, and 
SNXEDT, NDXSRF, and ZNAmN are required if the EDIT module is to 
be executed. 

The MACBCD Card-Image Cross-Section Library 
I 6, ,&, ,  . ,. I I - " ~ , - ~ I x I - x I " " - - I I x  b f 2 G  &i%L,-&-G. 

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. 

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 MENDFS 
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-IU, 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 ZAlD is of the form ZZAAA.NN where ZZ is the atomic number, AAA 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 Z A I D s  avail- 
able on MENDFS can be obtained from the Radiation Transport Group at Los Alamos 
National Laboratory. 

Similar to the MENDFS library at Los Alamos described in the preceding section, a 
mdtigroup, isotopic companion gamma-ray (photon) library is maintained. MENDFSG 
contains only neutron-induced photon-production and photon-interaction data. To 
access this library for gamma (photon)-only calculations, the user specifies 
LIB=MENDFG in Block-III of the input and the LNG (Last Neutron Group) parameter 
of Block-III 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 
-I_I_c_- -II~.."......___*_xxI_ X I I  ,--.- .-^__Lx-.---^^IIIxIIxx-.----"-2 

The code can use card-image material cross-section libraries named XSLIBE 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 mD0 format. 

These files can be created by the code using the WRTI'MXS 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 ElS = EE+1 and MM 
= 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, Le., 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 neutron, 3 gamma groups). 



COUPLED NEUTRON-GAMMA CROSS SECTIONS 

Table 10.2 Arrangement of Data in a Coupled Neutron-Gamma Library Table 

ROW 

1 
2 

IHT 
M S  

MS+LNG-1 

IHS+LNG 

IHM= 
HT+NGROUP 

1 2 . .  

G R O U P  

LNG LNG+1 NGROUP 

PRINCIPAL CROSS SECTIONS AND EDIT POSITIONS 

NEUTRON PRODUCTION 
VIA NEUTRON 

S C A m R  

GAMMA PRODUCTION 

GAMMA PRODUCTION 
VIANEUTRON 

SCATTER 
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Table 10.3 Coupleda Cross-Section Tableb Example 

NEUTRON GROUPS 

4 O ( 1 3 1 )  G(232) 6(3+3) 6(4+4) 

5 0 0(1+2) 6(2+3) 6(3+4) 

6 0 0 B( 1 +3) 6(2+4) 

7 0 0 0 6( 1 +4) 

8 0 0 0 0 

9 1 0  I O  I O  I O  

1 0 1 0  I o  I o  I o  
I I I l 

a. 4 Neutron groups, 3 Gamma groups 
b. Detailed specifications: 

NGROUP = 7 
LNG = 4 
m=3 
M S = 4  
MM= 10 

GAMMA GROUPS 

0 0 0 

6(5+5) 6(6+6) 6(7+7) 

6(4+5) I 6(5+6) I G ( 6 3 7 )  

6(3+5) I 6(4+6) I (T(537)  

I 6(1+6) I 6(2+7) 
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CREATING FILES WITH DIFFERENT FORMATS 

It is frequently desirable 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 ODNIN€', 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 FlDO 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). 
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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, or, , from the total and self scattering cross 
sections: 

Notice that nowhere is the absorption cross section, , 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 B,,,,~,~ and og+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, oout ,g , calculated as shown in Eq. (21) 

%ut ,g 

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: 

- 
Cabs ,g + c c g  + g’ - cfofaz  ,g 

Again, recall that the transfer cross sections, eg ~ g p ,  that we have in the library are nor- 
mally the inscattering cross sections to group g’ and not the outscattering cross sections 
from group g as required by Eq. (22). So, the cross sections will not be balanced accord- 
ing to Eq. (22) if there is any (n,2n). IIfrpically, the remedy is to redefine the absorption 
cross section (recalling that this will not affect the flux calculation) to be: 

Where we are now using the only transfer cross sections we have, i.e., the inscattering 
cross sections, for og + gf . Note that dabs ,g is then no longer the physical absorption 
cross section when we have any (n,2n). Also note that this new “cabs ,~ ” 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 c&s,g with 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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REVIEW OFTERMINOMGY 

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 MAILS= 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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1 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 (2) the standard 
interface files NDXSRF and ZNATDN.’ 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, RON, CHROME, NICKEL, OXY- 
GEN, and SODIUM. It is desired to mix these nuclides into the following materials: 

I. Stainless steel ( S S )  at 8 gm/cm3 
[74% Iron, 18% Chromium, and 8% Nickel (percents are weight percents)], 

2. Uranium Dioxide (U02) at 10 @cm3 
[0.3% U235 and 99.7% U238 (percents are atomic percents)], 

3. Plutonium Dioxide (PU02) at 10 @cm3 
[SO% PU239 and 20% PU240 (percents are atomic percents)], 

4. sodium (NA) at 0.8 gm/cm3. 

Translating the above information into atom densities (atomsharn-cm) gives the values 
shown in Table 11.1. 
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Table 11.1 Example Specification of Materials 

I I I I 

To input this information for any DANTSYS solver, we enter in Block-IV the following: 

MAXIS= SS, CHROME 1.6676-2, NICKEL 6.566-3, IRON 6.3832-2 ; 
U02, U235 6.7-5, U238 2.2234-2, OXYGEN 4.4602-2 ; 
PU02, PU239 1.7761-2, PU240 4.44-3, OXYGEN 4.4402-2 ; 
NA, SODIUM 2.096-2; 

Note the use of semicolons (;) to delimit the different materials indicating a separate 
string for each material (see the chapter “FREE mELD INPUT REFERENCE” starting 
on page 9-1). Also note that the use of commas is optional. Blanks also serve as delim- 
iters. 
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ASSIGNING MAERIALS TO ZONES 

US02 

PU902 

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 f?le ASGMAT. 

0.20 
0.15 

As an example of the material assignments to zones, suppose the following materials 
have been created: Stainless Steel ( S S ) ,  Coolant (NA), U-238 Oxide (U802), U-235 
Oxide (U502), 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 compositions are as follows: 

US02 

U502 

ss 
NA 

REFL 

Table 11.2 Composition of Zones 
Material 

Volume Fraction 

0.40 

0.349 

0.001 

0.030 

0.70 

CORE 

BLKT 

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 US02 0.20 PU902 0.15; 

BLKT S S  0.25 NA 0.40 US02 0.349 U502 0.001; 
E F L  S S  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 “FTLE 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, alterna- 
tively, 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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k 

1 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) 
X-^X-7-r .. 

" w ~ X r n - . , . ; .  ,-.-: A,". I ., ..,%a-::z,,A2x.x 

In Block-IV of the DANTSYS input (the mixing specifications) is the parameter 
MATSPEC. There are three allowable input values for MATSPEC: 

MATSPEC=ATDENS 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 (gm/cc) of each material together with the isotopes 
(nuclides) and their atomic fractions in each material. 
MATSPEC=WTFRAC tells the code you are using the type of mixing that 
specifies the density (gm/cc) of each material together with the isotopes 
(nuclides) and their weight fractions in each material. 

a. 

c. 

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 entry will be applied to all 
remaining and unspecified entries. 

Following is a description of how to input information in each of the above styles. 

Note: In the following, mat, 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. 
This 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,, is usually the ZAID identifier* if one is using 
a MENDF cross-section library. 

aA,, denotes the atomic fraction of isotope i that exists in material m. 

WA,, denotes the weight fraction of isotope i that exists in material m. 

zoni4 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 [@cc] of material m as it exists in a zone. 

MATSPEC= ATDENS 
E 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= ATFRAC 

(Step 1) One defines materials, each with a density of 1 @cc, by specifying (using 
the M A W =  input may 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= zonid1 mati pi ... ; zonid2 matk Pk mat1 p l  ... ; 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 only includes the 
Block-I and Block-ID 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 gm/cc, by specifying (using 
the MAILS= 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 

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 mat i  pi ... ; zonid2 matk Pk mati pi ... ; 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 OXYGEN2.0; 

PU02,PU2390.8 PU240 0.2 OXYGEN2.0; 
NA, SODIUM1.0; 

ASSIGN=STEEL S S  8.0; 
uFuELu02 10.0; 
PFUEL PU0210.0; 
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) - - 
-̂-_ . *1 

When using MATSPEC=ATFRAC 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 

MATERIAL MIXING TUTORIAL Version 3.0 11-15 



ALTERNATIVFORMS OFMIXING Providing Atomic Weights to the Code (the p;IwT Array) 

A m =  is01 atwtl is02 atwt2 ... iso, atwt, 

where n 5 NISO, isoi is the isotope name (identifier) for an isotope on the cross-section 
library, and atwti is 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 BXSLIB file that the code creates will contain the 
atomic weight data automatically. By saving this BXSLIB file (see the SAVBXS param- 
eter in Block-111) and using it as the cross-section library file in subsequent runs, there 
will be no need to re-enter the atomic weights in the card-image input. 
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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 
‘‘EILE DESCRIPTIONS” starting on page 15-1 and contains material cross sec- 
tions in energy-group order. The MACRXS file is the only cross-section file 
available to the Solver Module. If 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. If 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 m e r -  
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 NDXSFW and ZNATDN 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 NDXSW 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 Block-V. See “ASSIGNING 
MATEEIALS TO ZONES” on page 11-11. 

The manner in which the code is instructed to use existing SNXEDT, NDXSRF, 
and ZNATDN 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, ZNATDN 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) omit the specification of the MATLS array in Block-IV card-image input or, 
alternatively, set the Block-I input parameter NOMIX to unity, and 

(E) ensure that the NDXSRF and ZNAmN binary files exist and are available at 
the time of execution. 

If an existing quartet of MACRXS, SNXEDT, NDXSRF, and ZNAmN 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 The First Order Form of the Boltzmann Transuort Eauation 

This chapter provides the development of the multigroup, discrete-ordinates, form of the 
time-independent Boltzmann transport This development is followed by a 
brief description of the iterative procedure used to solve the transport equation employ- 
ing the diffusion synthetic acceleration @SA) scheme to accelerate the iterations3. 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 time-independent inhomogeneous Boltzmann transport equation may be written as: 

v * QY (r ,  E, Q) + 0 ( r ,  E )  u'(r, E, Q) 
= J J ~ E ~ s z ' G ~ ( ~ , E  + E , Q - Q ~ ~ ( ~ , E , Q )  

+ LJJdEdQ'x (r ,  E + E )  vo,(r ,  E )  y (r ,  E, Q') 
(1) 

ke 
+ Q ( r ,  E, Q) , 

where y~ ( r ,  E, Q) is the particle flux (particle number density times the particle speed 
defined such that y~ ( r ,  E, Q) dE dr dQ 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 dQ about Q . Similarly, Q (r ,  E, Q) dE dr dQ is the rate at which particles 
are produced in the same element of phase space from sources that are independent of 
the flux y ~ .  The macroscopic total cross section is 0. Assuming isotropic media, the 
macroscopic scattering transfer cross section, from energy E' to energy E through a scat- 
tering angle Q - Q', is 0,. 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 x (r ,  E' + E )  . If Q is not zero in Eq. (l), then &e is set 
to 1; if Q is zero, then the problem is an eigenvalue problem and l/bkff 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 first. The spatial dis- 
cretization is explained separately for each of the modules concerned. 
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A MULTIGROUP, 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 mdtigroup in energy 
and discrete ordinates in angle approximation which is common to all the solver mod- 
ules in the DANTSYS code system. 

In the energy variable, the energy domain is partitioned into G intervals of width 
A E ~  = E ~ -  By convention, the highest energy is at Ell2 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: 

- Eg + 

g = l,...,G 

where, po = Q 0 Q', 
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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 predefines 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. In 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 stream- 

ing 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, Q ~ ,  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 S, 
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- 

isfy certain, fundamental conditions including wm = 4.n *for conservation. We also 

impose the requirements that: 

M 

m = l  
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M c wmQm = 0 for symmetry, and 
m = l  

M M M 
wmpS, = c wmqm 2 = c w,,,tS, = 5 1 for the diffusion limit. 

m = l  m = l  m = l  

where the components of Q~ are: 9, = p,! + qJ + 

To obtain the discrete ordinates balance equation, we integrate Eq (2) over w, (in this 
case we assume isotropic scattering for simplicity): 

where, 

L l  

1 = oq = -1 

and the $ (8) 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 code we renormalize the weights such that wm = 1 . 

m = l  
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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 
r__l _-_____ ""--" --....._- .,. -̂..r__""".lllly -"-" .,I. -- ___. -.-. -"-" 
1 .-"A 

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 @SA) method developed by Alcouffe? 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 1. Isotropic scatter is assumed only for simplicity. The basic inner iteration 
equation is written 

~n h. (41, +: (r ,  Q> is the angular flux for group g at the Z* inner iteration using a sca- 

lar flm @:- ' ( r )  assumed known from the previous inner iteration. QQ, 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 multigroup 
scalar fluxes and moments from the previous outer iteration. In the diffusion synthetic 
method, a corrected diffusion equation is used to determine the scalar flm @g 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 

1 

where 

1 
D,(r )  = - (4 9 

3 %, g 

and the correction term is 
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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 proceeds as follows: using CpL- , 

known from the previous iteration, Eq. (4) is solved for @;. 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 Cp, 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 first guess for the scalar flux is obtained by 
solving Eq. (5) with R, set to zero for Z=O. 

1 

1 

It is easy to show that if the iteration converges, it converges to the transport equation 
solution. Namely, drop all Z superscripts and set the transport scalar flux to the corrected 
diffusion scalar flux, 6, = $, . Then substituting Eq. (6) into Eq. (5) yields 

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 Eqs. (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 multigroup, corrected diffusion equation is con- 
structed for this purpose which has the following form: 

k 

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 me&od. The diffusion coefficient correction scheme is one such scheme. In 
this scheme we redefine the corrected diffusion coefficient ( r )  as 

so that Rg ( r )  = 0 for all r and g. Then with Qg ( r )  = 0, the inner iteration diffusion 
equation becomes 

and the multigroup (outer iteration) diffusion equation becomes 

where keff 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. (10) 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 RL ( r )  is defined by Eq. (6). With this modification, Eq. (5) becomes 

1 -1-1  
-V - Dg (7) VOg ( r )  + (4 O i  ( r )  = QQg (4 

and Eq. (8) becomes 
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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 andor upscatter only when the diffusion coefficient correction 
scheme produces negative or infinite diffusion coefficients. 
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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. 

The symmetries treated in ONEDANT are: (1) slab, (2) infbite 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. 

Y 2 

J 
X 

Figure 12.1 Coordinates in plane geometry 
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Figure 12.2 Coordinates in cylindrical geometry 

X J 
Figure 12.3 Coordinates in spherical geometry 
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Particular Forms of the Divergence Ouerator 

The divergence operator in conservative form, V - Q ~ y r  or (Q - Vy) 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 y~ (r ,  E, Q) is assumed independent of 
the azimuthal angle @ so that the angular dependence is reduced to the p interval (-1, 
+l). 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 6 angular cosine 
and also symmetric about the p - 8 ,  (or 41 = 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 

Geometry 

Plane 

cylindrical 

Spherical 

Dependence 
of 

Definition 
of Variables 

p = Q Q  

6 = (1 -p2) %os@ 

q = (l-p2)1/2sin@ 

A p = e r - Q  

aw 
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SDherical Harmonics Emansion of the ScatterinP Source 

The scattering transfer cross section in Eq. (1) is represented by a finite Legendre poly- 
nomial expansion of order ISCT 

ISCT 

os (r ,  E + E ,  Q' - Q) = (%)of ( r ,  E + E> PL (Q' . sz) 
L = O  

E this expansion is inserted into Eq. (1) and the addition theorem for spherical harmon- 
ics used to expand P, (Q' - Q) , the scattering source becomes 

JJdEdsz'os (r ,  E + E, Q - Q') yf ( r ,  E )  Q) = ss 

where for cylindrical geometry we must replace the p variable with 5 .  Using the rela- 
tion COSL ($ - @') = cosL$cosL$' + sinL@'sinL$, we can write Eiq. (15) as 

where we have defined the moments of the angular flux as 
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In both standard plane and spherical geometries, due to symmetry in the azimuthal angle 
K K @ , the flux moments @c,L and @s are identically zero. In cylindrical geometry (with 

Y 

6,e replacing p, p' in Eqs. (16) and (17), the odd moments (K+L=odd) of @Ey vanish 
K as do all the sine moments @sy L .  In the two-angle plane geometry all moments must be 

retained. 

In all cases the scattering source, S S ,  can be written in the general form 

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 R, (Q) are the spher- 

ical harmonics appropriate to the particular geometry, and the 5, (r ,  E) are the angular 
flux moments corresponding to the R, (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. (1 8) is 
the subscript of the Legendre function Pf appearing in the appropriate 

R, (Q) , 0 I L 5 ISCT. The R, (Q) are listed in Table 12.3 for typical Legendre 
expansion orders. For each R, (Q) in the table, there is a corresponding flux moment 
defined by Eq. (17a), (17b), or (17c) as appropriate. 
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Standard Plane 
and Spherical 
Geometries 

Table 12.2 Number of Spherical Harmonics, N, as a Function of Order Lo 

cylindrical Tbo-Angle 
Geometry Plane 

Geometry 

b- 

1 1 1 
I I 1 

2 2 4 

3 4 I I 9 

4 l 6  I l6 
9 I 5 I 25 

I l2 6 36 

N =  (L +212/4 I for standard plane and spherical geometry 
for cylindrical geometry 

for two-angle plane geometry 
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14 

15 

16 

Table 12.3 Spherical Harmonics, R (n) , for Different Geometries 
, n -  

J i J 2  - 30 P, (PL) sin20 

@ 60 Pz (p) cos30 

60 

METHODS Version 3.0 12-25 

I_- 



ONEDANT METHODS Geometrical Symmetries Treated in ONEDANT 

SDherical Harmonics Exuansion of the Inhomopeneous Source 

In 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: 

2a 

L = 0, ..., IQAN, 

L = 0, ..., IQAN K = 1, ..., L , 

(194 

The inhomogeneous source is represented in the general spherical harmonic expansion 

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 R,  (Q) are the 

spherical harmonics appropriate to the geometry being used, and the e, (r ,  E )  are the 
angular source moments corresponding the R, (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 PL appearing in the appropriate R, (Q) , 0 5 L I 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. 

K 
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Cylindrical 
Geometry 

2 
6 

12 
20 
42 
72 

N -  (N+2) 
4 

Discrete-Ordinates Eauations in One Dimension 

Spherical 
Geometry 

2 
4 
6 
8 

12 
16 
N 

The number of discrete ordinates or angles in the various one-dimensional symmetries 
depend upon the symmetry and the S ,  order desired. In Table 12.4 is given the number 
of angles used in each case. 

N 

2 
4 

Table 12.4 Number of Quadrature Points, M as a Function of S, Order, N 

Standard 
Plane 

Geometry 

2 
4 

Two-Angle 
Plane 

Geometry 

8 
24 
48 
80 
168 
288 

N -  (N+2) 

a. Standard Plane Geometry 

For standard plane geometry (see Table 12.1 and Figure12.1) azimuthal symmetry is 
assumed in @ so that Q (p, @) becomes Q (p) and dQ becomes 2 n d ~ .  The angular 
interval p E [-1,1] is discretized into MM quadrature points pm and associated weights 

w, ordered as shown in Figure 12.4. Note that the weights, w,, correspond to dpm/2 
for this geometry. The angular flux moments, given by Eq. (17a), are approximated by 

The discrete-ordinates approximation to the transport equation, Le., Eq. (3), becomes 
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Starting direction 

2 3 4 5 6 I 

-1 0 +1 

I W P  

Figure 12.4 Ordering of S6 directions in plane and spherical geometries 

Note: The starting direction only applies to spherical geometry 

b. Two-Angle Plane Geometry 

For two-angle plane geometry the entire unit sphere of directions is discretized into MM 
quadrature points (p,, +m) and associated weights ordered as shown in Figure 12.5. 
The weights, w,, correspond to dQm/47c for this option. The angular flux moments, 
given by Eqs. (17a)-(17c), are approximated by 

The discrete-ordinates approximation to the transport equation is the same as for stan- 
dard plane geometry, i.e., Eq. (22) on page 12-27. 

12-28 
~~ ~ ~ 
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b 
Y 

X 5 

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 multigroup transport 
equation, Eq. (3), may be written 

where y~ = ~ ( r ,  Q ) .  

For the discrete-ordinates approximation in cylindrical geometry, OILY one quadrant of 
the unit sphere is discretized into a set of MM quadrature points ( p,, q,) and associ- 

*The ordinates in the octant CL, 6 e 0, q > 0 are not shown. 
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ated quadrature weights w,. The ordering of these quadrature points is illustrated in 
Figure 12.6 for an S, quadrature. 

X / 
X 

\ 

Figure 12.6 Ordering of S6 directions in cylindrical geometry 

As before, ym (Y) z y (7 ,  pmqm) represents the average angular flux in dQm about 
Q, and the angular flux moments for direction m are given by Eqs. (23a)-(23b). In addi- 

( r )  tion, it is necessary to define angular-cell-edge fluxes on a given 6 -1eveI as y, - 
and yrn + 1/2 ( 7 )  . The discrete-ordinates approximation to Eq. (24) can then be written: 

= rSm (r )  

where the a, - 1/2 and a m  + 1/2 are angular coupling coefficients. These coefficients 
satisfy the recursion relation 
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with the requirement that the first (a,/,) and last ( aM+ 1/2) coefficients on each 5- 
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 ( y) and ( y )  are printed out under the 

headings BETA PLUS and BETA MINUS, respectively. 

d. Spherical Geometry 

From Table 12.1 the multigroup transport equation, Eq. (3), can be written 

where azimuthal symmetry in + (see Figure 12.3) has been assumed. The angular 
domain p E [-1, 1 3 is discretized into MM quadrature points p, 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, y, ( r )  G y (r ,  p,) represents the average angular flux in dQ,( = dp,) 
about Q, 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, - (4 and 
v m  + 1/2 ( r )  . The discrete-ordinates approximation to Eq. (27) is then written as 

where the angular coupling coefficients P must satisfy the recursion relation 

m = 1, ..., MM, 

with the requirement from particle conservation that the first (PlI2) and last 

( PMM+ 1/2) coefficients must vanish. It can be shown' that Eq. (28) becomes identical 
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 [e] and [e] are 

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 

v m  + 1/2 ( r )  and the average angular flux vm ( r )  . The vm- 1/2 ( r )  flux can be 
assumed known (except for vlI2 ( r )  ) from the previous angular mesh-cell computation 
and assuming continuity at the angular mesh-cell boundaries. The standard diamond- 
difference2 assumption in angle is made to relate the vm + 1/2 to vm, namely, 

to be determined at each space position, r: the angular-cell-edge fluxes vm - 1/2 (4 and 

Using %. (30) to solve for vm+ 1/2 and substituting the resulting expression into 

Eq. (25) or (28), there remains but one equation for the one unknown vm ( r )  . 

The assumption that vm - 1/2 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 
vlI2 ( r )  . For spherical geometry this starting direction is the straight-inward direction 

p = -1 for which the term (1 - p2)v in Eq. (27) vanishes. This yields a special form 

of Eq. (28) which can be solved for vlI2 ( r )  . For cylindrical geometry, as shown in 
Figure 12.6, starting directions corresponding to ordinates directed towards the cylindri- 
Cal axis, q = 0, <p = M O O ,  are used for each c-level to yield special equations for 
vlI2 ( r )  on each 6 -level. At the origin, r=O, we also impose an isotropic condition on 

the angular flux; i.e., - = 0. This implies that ym (0) = constant for all m. The 

constant is determined by solving the starting direction equation as g + o v  = S dr 
which applies to spherical geometry and to cylindrical geometry on each 6 level. 

Discretization of the SDatial Variable 

The spatial domain of the problem is ultimately partitioned into IT 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 + 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. 

> xi > xi -  

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 = 1 ,..., MM; i = 1 ,...,IT 

where, 

is the spatial cell centered angular flux, vg, m, i 

vg, m, + 1 / 2  is the cell edge angular flux at the right cell edge, 

Ai + 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: 

- vg, rn, i - 0.5 (vg, m, i + 1 / 2  + vg, rn, i - 1/21  

- 
vg, m, i - 0.5 (vg, m + 1/2, i + vg, m - 1/2,  i )  

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 fixup and is the ONEDANT basic 
method for spatial differencing. 
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A TWODANT llMETHODS 

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-0, and cylindrical R-2, 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 TWODANT 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 

Two-Dimensional Geometries 
n p3 

1 

l 2  
3 

l 4  
l 5  3 P i  (p) cos0 

l 6  
l 7  

9 

I lo 
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Triangular 
Arrangement N 

This table shows the specific case for P3 expansion which has 10 moments. In general 
the number of moments is given by ( L  + 1) (L + 2) 12 where L is the Legendre expansion 
order. 

Square 
Arrangement 

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 S, order 
for the two-dimensional symmetries in the triangular and square arrangements. 

2 I 1 

Table 12.6 Number of Angles Per Octant in Two Dimensions 

1 

I I 

4 
6 
8 

3 4 
6 9 
10 16 

N ( N  + 2) / 8 N * N / 4  

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. 

Planar X-Y Svmmetrv 

where, 
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Planar R-O Svmmetry 

where, 

Cylindrical R-Z Svmmetrv 

where, 

Spatially Discretized Two-Dimensional Transport Equation 
"-2 rx 

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. 

where, 

vg, m, i + 1 / 2 , j  . is the flux on the right edge of the mesh cell, 

vg, m, i, j + 1 / 2  is the flux on the top edge of the mesh cell, 
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vg, m + 1 /2 ,  i, j is the angular direction edge flux, 

is the cell center angular flux, 

is the mesh cell area in the i coordinate direction, 

vg, my i , j  

A i  + 1/2 ,  j 

Biy is the mesh cell area in the j coordinate direction, 

Vi, is the mesh cell volume. 

We note that in X-Y symmetry, the areas in the i direction, A ~ ,  

and hence the term with the angular derivative vanishes. 
, are all equal to unity, 

Equation (36) represents IT*JT*MM equations for 4*IT*JT*MM + (IT+JT)*MM + 
IT*JT unlolowns 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: 

rn = l,...,MM; i = l,...,l'T; j=1, ...,E 

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; 
Eiqs. (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 differencing (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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rn = 1 ,  ...,MM; i = 1, ...,IT; j=l, ...,JT 

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 0 
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 , l  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 if point-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 
i ---_.-- 
I___^- ~ . l . j  -,.- __. -*_I__ II -.-.- -.-- jl I 

Overview 

TWODANTMC is an extension to the existing S, code TWODANT. TWODANTMC 
solves the neutral particle transport equation by a hybrid method that iteratively couples 
regions where deterministic (S,) and stochastic (Monte Carlo) methods are applied.8 
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. 
TWODANTMC provides a new means of solving problems involving both optically 
thick and optically thin regions that neither Monte Carlo nor S, is well suited for by 
themselves. TWODANTMC is capable of solving forward, inhomogeneous source 
problems in X-Y and R-Z geometries? This capability includes multigroup problems 
involving upscatter and fission. lo* 

The fully coupled Monte Carlo/S, technique used in TWODANTMC consists of defin- 
ing spatial andor energy regions of a problem in which either a Monte Carlo calculation 
or an S, 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 s, region. The Monte Carlo and s, 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 TWODANTMC 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 S, solution of the transport flux 
unchanged, while the diffusion synthetic accelerator remains effective in accelerating 
the S, 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 S, cross sections are used to form multigroup cross sections for the Monte 
Carlo region. 

TWODANTMC Innut 

The additional input required for TWODANTMC is all located in Block-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 S, only run (MCOPT=O) or a 
hybrid Monte Carlo/S, run (MCOPT=l). A hybrid run is performed only when MCOPT 
is present and assigned the value one. Otherwise, the TWODANTMC keywords are 
disregarded. 
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The Monte Carlo re!Jion 

The keywords MCIBND, 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 S ,  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 optically thin region. 
However, experience has shown that the hybrid Monte Carlo/S, hybrid method works 
best when the MC/S, 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/S, 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 TWODANTMC. 

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 S ,  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 S,. These source types include point sources, beam 
sources, and point beam sources. For a complete description, see page 3-63. 
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Number of Histories and Code Flow 

If there is some fixed source located inside the Monte Carlo region, the code will sample 
it before attempting to do any S ,  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). TWODANTMC runs histories in a fixed number 
of historieshatch 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 S ,  region, at which time a Monte Carlo to S ,  boundary flux will be 
scored, or until it exits the problem geometry. 

Once the fixed source calculation has been completed, the code will proceed on to do a 
complete S ,  calculation for the entire problem geometry as normal (i.e., no Monte Carlo 
option), except that the Monte Carlo calculated boundary flux at the SNMonte 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 and/or fission, outer iterations will be performed until the appropriate S ,  con- 
vergence criteria have been met. The s, will print monitor lines to the screen as per nor- 
mal S ,  calculations. 

After the S ,  calculation has completed, the code will use Monte Carlo to sample the 
incoming angular boundary fluxes into the Monte Carlo region from the S ,  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 S ,  equal TNRTCLS, 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*TMRT- 
CLS/ANORMMC, 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, TWODANTLMC will print a line to the screen after 
running each batch of histories. 

However, TWODANTLMC will always run at least one particle per phase space cell per 
batch when sampling the boundary fluxes and scatteringlfission 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 directiondquadrant times two plus the number of spatial cells 
in the Monte Carlo region with scatteringlfission sources from the SN region times the 
number of Monte Carlo energy groups times the number of quadrature directions/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 scattering/fission 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 MCNHIS, or 
the size of TAPRTCLS. A quick way to tell how TWODANTMC 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 driven by the size of P, not MCNHIS. 

The combination of a complete S, calculation with Monte Carlo sampling of interface 
boundary fluxes is referred to as a “s~per-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,/Monte 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 directly to a 
S, calculation after processing the input deck as usual. Once the S, 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(l). (See below 
for a description of fit coefficients.) Again, however, the same caveats about the size of 
P and MCNTR apply here. 

Converpence Criteria 

For a given S, calculation in a super-outer, standard S, convergence criteria are used. 
The convergence criteria for the S,/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 scatteringhssion sources. Presently, the same error criteria 
value (Le., EPSI) is used for both the S ,  and S,/Monte Carlo iterations. The desired goal 
in TWODANTMC to achieve is a relative error in the Monte Carlo to S, energy-depen- 
dent scalar boundary flux and the Monte Carlo to S, scalar scatteringhssion 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 Carlo 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 S, convergence criteria of lo5 or in the 
super-outers. Instead, we attempt to achieve “shape convergence” in the incoming 
boundary fluxes (and sources) from the S, region to the Monte Carlo region. This is 
described in 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.” The response vectors are then used to form an outgoing boundary flux from the 
Monte Carlo region to the S,, which is used by the S, 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 S, acts as a “smoothing operator,” reducing the random fluctuations 
fiom 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, TWODANTMC uses some simple linear alge- 
bra to project what the outgoing boundary flux should be, and runs at least more super- 
outer (S, calculation only) to check the projected 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 
TWODANTMC 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/S, 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 
MUS, 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 S, is no longer able to sufficiently smooth out the fluctuations in 
the Monte Carlo operator, resulting in essentially random shapes. TWODANTMC has 
two checks for this: a check to ensure that the magnitude of the newest shape (TAPRT- 
CLS) is decreasing from one super-outer to the next, and a check to ensure that the mag- 
nitudes of the individual fit coefficients for a given super-outer’s incoming boundary 
flux are monotonically decreasing. If not, it throws away the last basis vector, and 
projects on the remaining ones. That is, if TWODANTMC detected a problem in 
super-outer four, it would throw away the third basis vector calculated in super-outer 
three, and project 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 fldsource and the actual boundary fldsource, respectively. 
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To sample negative elements of the boundary flux and source, TWODANTMC allows 
Monte Carlo histories 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, TWODANTMC 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, TWODANTMC ceases 
iterating, uses the existing shapes for edit calculations, and prints out warning messages 
to the screen and output file. 

Memorv Reauirements 

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 
approximately 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. TWODANTNC prints out storage information in the Monte Carlo Setup Infor- 
mation table, and writes the shape vectors to disk if MAXLCM is exceeded. 

lkeatment of Angular Scattering 

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 may be negative. Instead, TWODANTNC 
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 further described in Ref. 13. If TWODANTMC 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 TWODANTMC should be avoided. 

Variance Reduction 

In the hybrid Monte Carlo/S, method, each technique is used where it is most advanta- 
geous. Therefore, extensive variance reduction techniques for the Monte Carlo should 
not be necessary. However, TWODANTMC 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 (wl and w2) to the keyword MCWC (e.g., 
MCWC= .lo .OS). When the weight of a particle in proportion to its source weight (w/ 
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ws) becomes smaller than w2, Russian roulette is played, with a probability of survival 
w/w, times l/wl. E the particle survives, it is assigned weight wlws. Weight cutoffs are 
performed after a collision event. 

For geometry splitting/Russian roulette, the keyword MCCMlMP is used to assign a cell 
importance r to each coarse mesh, including cells entirely in the S ,  region. The impor- 
tances are assigned via an (IM,JM) sized array. When crossing into cellj from cell i, a 
particle is assigned the relative importance Re = r j  hi .  Then, with probability RV - Int 
R+ Int RV +l particles are created; otherwise, Int RV are created. The weight of all split 
particles is w/Ri. 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. Splitti.ng/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 MCLVlMP 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 S ,  Constants in the input 
printout. A given level corresponds to a fixed value of q. For S12, 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 S ,  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 “MCLVZMP= 1 0 0.” 

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 q/q, as opposed to analog capture, 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 (cS + 
vo&. To prevent a series of weight multiplications greater than one, TWODANT/MC 
uses weight splitting. That is, when the weight multiplier wm is greater than one, then, 
with probability wm- Int w,, it creates Int wm+l particles; otherwise, Int w, are 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 
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Monte Carlo Setup Information section of the output when used. The amount of weight 
(per source particles) createddestroyed by SplittingRussian 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. 

Statistics 

TWODANTMC estimates variances by running MCNTR batches of (approximately) 
MCNHIS historieshatch. 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 sampling. Given the fit coefficients for each particular shape, it can then estimate 
the variance in various quantities. To do this, TWODANTMC 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 S ,  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 different 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. 

Edits 

In TWODANTMC, the Monte Carlo method tracks particles on the coarse mesh geom- 
etry grid, not the fine mesh, although particles crossing the SNMonte 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 S ,  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 S ,  regions, 
Monte Carlo-calculated fluxes are used only in the Monte Carlo portion of the cell. 
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A 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-0 option has not been implemented. The greatest difference is in the 
spatial differencing 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.  

METHODS Version 3.0 12-49 



TWODANT/GQ METHODS 

12-50 METHODS Version 3.0 



TWOHEX METHODS 

A 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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A THREEDANT METHODS 

The methods that we use in THREEDANT are the same as in TWODANT except with 
the natural extensions to three dimensions. The S ,  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. 
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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 programming practices and stan- 
dards used in the code package, a description of the code structure, and overviews of the 
three modules comprising the package. 

In general, the programming standards and practices recommended by the Committee 
on Computer Code Coordination (CCCC)1.2 have 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. 

The programming language is standard FORTRAN 77 as defined by the ANSI standard 
X3.9-197tL3 Known exceptions are the occasional use of variable names longer than six 
characters and the use of in-line comments. 

$tructure 

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, ZNAmN, SNCONS, FIXSRC, 
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RTFLUX, ATFLUX, 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,AMFXUX, AZF’LUX,RZMFLX, AZMFLX,RAFLXM, 
AAELXM,UCFLUX,LNK3DNT, SNXEDT, ADJMAC, SOLINP, EDITIT, ASGhUT, 
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 DESCRTPTIONS” 
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. 

Data Manapement and Transfers 

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-management/transfers 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/DFSI’ are used to effect multilevel data transfers using ran- 
dom-access files. A description of these procedures and subroutines is provided in 
Ref. 1. 

Central Memorv Restrictions 

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 Size 

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 short-word computer, it is a double- 
precision word.) 
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A CODE PACKAGE STRUCTURE 

Each code in the DANTSYS code package consists of three major, functionally indepen- 
dent modules: an Input Module, a Solver Module, and an Edit Module. These modules 
are linked by means of binary interface files. 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, 0 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 
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File 

ISOTXS 

Table 13.1 Files Read and Written (Cont.) 

Input Module Solver Module Edit Module 

Read Write Read Write Read Write 

0 

Information Type 

GRUPXS 

MENDF 

Cross Sections 

0 

0 

~ 

Material 
Mixing 

MACRXS I 
ADJMAC 

MACBCD 

Assignment of 
Materials to 
Zones 

0 A A 

0 0 ,  

Solver Module 
Input 

XSLIB 

XSLIBE 

Quadrature 

0 

0 

Inhomoge- 
neous Sources 

Edit Module 
Input 

XSLIBF 

BXSLIB 

0 

0 0 

XSLIBB 

SNXEDT 

0 0 

A 0 

EDm 

CardImages 

A A 
0 

l o  l A  I A  I NDxsRF/ 
ZNATDN 

I o  I I o  I 
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Read 

R T F L W  
ATFLUX 

Information Q p e  
Write 

Other Output 
Files 

RMFLux/ 
AMFLUX 

Table 13.1 Files Read and Written (Cont.) 

Od 0 0 

FISSRC 

EDTOUT 

AAFLUX 1 I 

0 

0 

Solver Module 

EDTOGX 

UCFLUX 

Read I Write 

0 

Of Of 

OC I *  

f- 
Edit Module 

AZMFLX Rz-xf I 
ARBFLUX I I I I O f  I I 

a. This file is used only in TWODANT/GQ, it is not produced by any other solver. 
b. TWODANT and THREEDANT only. 
c. Some Solver Modules accept a flux guess from the RTFLWMFLUX file; some do not. 
d. Some Solver Modules accept a flux guess from the RMFLUXAMFLUX file; some do not. 
e. Requires an RMFLUX or AMFLUX file from the Solver. 
f. From the TWODANT module only. 
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Routine 

INPTlO 

INPT11 

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. 

Function 

Input Module Driver: controls the flow of the code by calling one or 
more of the secondary somebodies below. 

Controls code setup and storage allocation. 

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, 
INPT10, 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. 

INPT12 

INPT13 

INPT14 

~ 

Controls geometry data processing 

Controls cross-section library processing for XSLIB, MENDF, 
XSLIBB, and MACBCD library forms. 

Controls mixing specification processing. 

INPT15 

INRI6 

INPT17 

INPT18 

IJSPT19 

INP110 

INP111 

Controls GRWXS cross-section library processing. 

Controls ISOTXS cross-section library processing. 

Controls BXSLIB cross-section library processing. 

Controls Solver Module input data processing. 

Controls Edit Module input data processing. 

Controls cross-section balancing operation. 

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. 

Routine F 
I G-20 

Routine 

TIGF20 

1 

TGND25 

I TRANS0 

Table 13.3 Structure of the Onedant 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 quadrature selection. 

Controls flux guess and inhomogeous source processing. 

Controls calculational data preparation 

Controls the outer iterations. 

Controls final Solver Module printing. 

Controls binary file preparation. 

I 

Table 13.4 Structure of the Twodant 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 ifrequired, initializes 
fission source. 

Controls the inner iterations. 
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Table 13.4 Structure of the Twodant Solver Module (Cont.) 

LINK0 

TOT28 

Routine I 
~~ 

Controls the S,/MC iterations. 

Controls final Solver Module printing. 

I Function 

TOT29 

I DIFFO 

Controls binary file preparation. 

I I Controls the outer iterations. 

Routine 

TIGFA03D 

TINP213D 

Function 

Solver Module Driver; controls the flow of the code by calling one 
or more of the secondary submodules below. 

Controls module initializations. 

TINP223D 

TINP233D 

Controls flux guess and inhomogeous source processing. 

Controls quadrature selection. 

TINP243D 

TINP253D 

TRANS03D 

Checks spatial mesh input for consistency. 

Calculates initially required functions and grid structures; initial- 
izes the fission source. 

Controls the inner iteration. 

DIFF03D 

TOT283D 

Controls the outer iteration. 

Controls final Solver Module printing. 
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- 
The third segment is the Edit Module. It currently consists of a driver routine, OUTT30, 
plus four secondary sections as shown in Table 13.6. 

Routine 

OUTT30 

OUTT3 1 

Table 13.6 Structure of the Edit Module 

Function 

Edit module driver; controls the flow of the code by calling one or 
more of the secondary submodules below. 

Controls reaction rate calculations. 

OUTT32 
~ 

Controls power normalization, edit zone averaging, and output file 
preparation. 

OUTT33 I Controls a spatial mesh collapse determination. 

Controls the mass edit request on the coarse mesh or edit zones. 
0uTT34 I 

A fourth segment is used in DANTSYS. This fourth segment provides highlights of the 
just-executed run as an aid to the user. These highlights are a printed summary 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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The Input Module performs the necessary activities for processing all input data 
required for the execution of the Solver and/or 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 NDXSRJ? and ZNATDN 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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The Solver Modules of DANTSYS have the function of effecting numerical solutions of 
the multigroup forrn 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 1-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? 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 diffusion synthetic acceleration method 
developed by AlcouffeY6 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 ADJ.MAC, ASGMAT, and SOLINP. 
Optional files, which may be input to the Solver Module, are the standard interface files 
SNCONS, RTFLUX or ATFLUX, RMFLUX or AMFLUX for TWODANT or 
THREEDANT, and FIXSRC. 

The output from the Solver Module always consists of the scalar flux standard interface 
file RTFLUX (or ATFLUX if an adjoint problem were run), the standard interface file 
SNCONS, and user-selected printed output. If desired 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 FMSRC 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, o$ , whereo 
is a particular multigroup, 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%om both a cross-section interface file and a scalar flux file 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 ZNAmN and the code-dependent files 
SNXEDT and ASGMAT. The code-dependent files are produced by the Input Module. 
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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 input, 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-11 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 Block-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 executed if the Block-I input parameter NOEDIT is 
set to unity. 

Alternatively, since the Input Module creates the EDITIT 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) 
_II_-_-x ---, Â”A-- 4____1-^-,-A_1..-...t.~. I -I $-- -- 

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 file1 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-11 input 
data in the card-image input “deck” or file. 
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The geometry 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 
ZNATDN’ from 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-IV card-image input or (iii) 
LIB= MACRXS or LIB= MACBCD in Block-ID. 

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 met: (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-III of the input, the user can easily suppress the re-execution of the work- 
ing-cross-section-file submodule in subsequent code executions. 

5. SOLWR-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 executed 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 SOLINP 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 (E) 
Block-VI card-image input is supplied. 

This submodule will not be executed (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- 
section 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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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 

3 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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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 first error 
message is printed at the time that the error was detected by the code. Such messages 
will be imbedded 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 
_x_-l-%A...A* _.I.. "I ~-,- 

Several examples of common input errors and the resulting error message printouts are 
provided below. 

Samde Error 1. Missuelled h u t  Arrav Name 

A common input error is that of misspelling the name of an input array. In this example, 
the Block-II 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 4 6 8(2)2 4 6 8(3)2 4 6 8(4)2 
xmessh=O.O 5.0 xints=5 zones=l t 

*error* array name messh array number -1 

*error* columns 2 - 8 

undefined array name 
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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 HGHL1GHT.S are produced. 

Samde Error 2. Inwt Block Terminator Omitted 

As described in the chapter "FREE m L D  INPUT REFERENCE" starting on page 9- 
1, each card-image input Block must be terminated with a delimited T, the Block termi- 
nator. 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. 

Note that there is no delimited T at the end of line 5. As a result of this omission the fol- 
lowing message is printed: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

***error** current block contains arrays belonging to other blocks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* 
* no. of from 
* arrays block 

* 8 i 
* 3 ii 
* 0 iii 

* 
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* 0 iv 
* 0 V 
* 0 vi 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

***error** in 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. 

$amule Error 3. Invalid Entrv for Block-I Inuut 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. 

Samule Error 4. Incorrect Number of Entries in an Inuut 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 as shown below. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* all modules are tentatively go. * 
* **unable 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. The run was thus terminated after the remaining input data 
were processed. 

Samde Error 5. Misdaced Arrav Identifier. 

As discussed in the chapter “FREE FIELD INPUT REFERENCE” starting on page 9- 
1, arrays in the card-image input are identified by a Hollerith n-me or a number immedi- 
ately followed by an array identifier - an equals (=) sign, a dollar ($) sign, or an asterisk 
(*). The array identifier is required so that the code can recognize that the array name or 
number is indeed an array name or number and not an ordinary data item. In this 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)2 4 6 8(2)2 4 6 8(3)2 4 6 8(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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1 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= 0. 
An otherwise correct entry for the XINT.S array in Block-II, however, will now appear 
incorrect to the code since the code checks to see if 

IM 

1 = 1  

and a message to the effect that the fine-mesh specifications (XINTS 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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1 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. 



IMPLEMENTMION ERRORS 

14-14 ERROR MESSAGES Version 3.0 



WARNINGS 

A 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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A ASCII FILES 

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 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 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-TITLE-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=1,10) 

10 CONTINUE 
20 FORMAT(lOA8) 

3. EDIT SPECIFICATION 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: 
a. 
b. 
C. 

d. 

e. 

f. 

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. -1/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 selected 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. GEOME'IWC 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- 

b. IGEOM Geometry of the problem. l=slab, 2=cylinder, etc. 
c. IM Number of coarse radial mesh intervals 

sional/two-dimensional/three-dimensional 

d. IT 
e. JM 
f. JT 

g. 
h. KT 

Total number of fine mesh intervals in radial direction 
Number of coarse axial mesh intervals (=1 for IDIMEN>l) 
Total number of axial fine mesh intervals (=1 for lDIMEN>l) 
Number of coarse z mesh intervals (=1 for IDIMEN<3) 
Number of fine z mesh intervals (=1 for IDIMENc3) 

i. NDUMl Notused 
j. NDUM2 Notused 
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k. NDUM3 Notused 
1. NDUM4 Notused 

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. NBGPl=NBG+l 
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. I M P l = I M + l  
d. J M P l = J M + l  
e. I T P l = I T + l  
f. J T P l = J T + l  
g. KMPl=KM+l  
h. KTPl=KT+l  
i. NIPE = 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. 0, 
NIPE = 0, if NIPES .EQ. 0, 
NIPE=NIPES, if NIPES .GT. 0 

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 (NBGPl), 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,4OO) ENERGY 
400 FORMAT(6E12.5) 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

POINTS EDITED SECTION p (NIPES .GT. O)] 
KPT W E ) ,  1216 

COARSE RADIAL MESH BOUNDARIES SECTION 
XMESH (IMP1) ,6E12 

NUMBER OF FiINE RADIAL MESHES PER COARSE MESH SECTION 
IHX (IM) , 1216 

COARSE AXIAL MESH BOUNDARIES SECTION [IFF (IDIMEN .GT. l)] 
YMESH (JMP1) 6E12 

NUMBER OF FINE AXIAL MESHES PER COARSE MESH SECTION 
Ip;F (IDIMEN .GT. l)] 
IHY (JM) ,1216 

COARSE Z MESH BOUNDARIES SECTION Ip;F (IDIMEN .GT. 2)] 
ZMESH (-1) ,6E12 

NUMBER OF FTJW 2 MESHES PER COARSE MESH SECTION 
@ E F  (IDlMEN .GT. 2)] 
IHZ (JCM) , 1216 

ZONE VOLUMES SECTION [p;F (NZNS .GT. O)] 
VZ (NZNS) ,6E12 

NAMES OF ISOTOPES SECTION [rm; (NEDISO .GT. O)] 

HIS0 (NEDISO) ,9A8 

NAMES OF MACROSCOPIC-EDITS SECTION Ip;F (MACRO .GT. O)] 
HMACR(MACR0) 9A8 

NAMES OF CONSTITWNTS SECTION Ip;F (NCONS .GT. 0) 
HCONS (NCONS) 9A8 

NAMES OF CROSS SECTION EDIT-TYPES [IFF (NXSTYP .GT. O)] 
HXSTY (JAXSTYP) 9A8 

NAMES OF RESPONSE-FUNCTIONS SELECTED [IFF (NRSF .GT. O)] 
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HRSF (NRSF) ,9A8 

19. ZONES REACTION RATES SECTION Ip;F (IZNED .GT. O)] 
A. CROSS-SECTION REACTION RATES SECTION 
p (NXSTOT*NXSTYP .GT. O)] 

XSZN (NBGP1,NZNS,NXSTYPyNXSTOT) 6E12 

This section is to be read as follows: 

DIMENSION XSZN (NBGPl , NZNS, NXSTYP , NXSTOT) 
DO 40 L=l,NXSTOT 
DO 30 K=l,NXSTYP 
DO 20 J=l,NZNS 
READ (NINP,400) (XSZN(1, J,K,L) , I=l,NBGPl) 

20 CONTINUE 
30 CONTINUE 
40 CONTINUE 
400 FORMAT (6E12.5) 

B. RESPONSE-FUNCTION REACTION RATES SECTIONV (NRSF 
.GT. O)] 

RSZN (NBGPl,NZNS,NFSF) 6E12 

This section is to be read as follows: 

DIMENSION RSZN (NBGPl,NZNS,NRSF) 
DO 30 K=l,NRSF 
DO 20 J=l,NZNS 
READ (NINP,400) (RSZN(I,J,K) , I=l,NBGPl) 

20 CONTINUE 
30 CONTINUE 
400 FORMAT (6E12.5) 

20. POINT REACTION RATES SECTION p W E  .GT. O)] 

A. CROSS-SECTION REACTION RATES SECTION 
@FF (NXSTOT*NXSTYP .GT. O)] 

XSPT (NBGPl,NIPE,NXSTYP,NXSTOT) 6E12 

This section is to be read as follows: 

DImSION XSPT (NBGPl,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,NBGPl) 

20 CONTINUE 
30 CONTINUE 
40 CONTINUE 
400 FORMAT (6E12.5) 

B. RESPONSE-FUNCTION REACTION RATES SECTION 
Ip;F (NRSF .GT. O)] 

RSPT (NBGPl,NPE,NRSF), 6E12 

This section is to be read as follows: 

DIMENSION RSPT (NBGPl,NIPE,NFSF) 
DO 30 K=l,NRSF 
DO 20 J=l,NIPE 
READ (NINP,400) (RSPT(I,J,K), I=l,NBGPl) 

20 CONTINUE 
30 CONTINUE 
400 FORMAT (6E12.5) 



ASCII FILES EDMGX 

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), I=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. IDlhrlEN The geometry dimension of the problem 1/2/3 = one-dimen- 

sional/two-dimensionallthree-dimensional 

b. ISADJ Adjoint problem? ,0/1= no/yes 
c. NGROUP Number of energy groups 
d. IM Number of radial coarse mesh intervals 
e. IT Total number of radial fine mesh intervals. 
f. JM 

€5 JT 
h. KM 

Number of axial coarse mesh intervals (=1 for IDIMEN<2) 
Total number of axial fine mesh intervals (=1 for IDIMEN<2) 
Number of z coarse mesh intervals (=1 for IDIMENc3) 

i. KT Total number of z fine mesh intervals. (=1 for IDIMEN<3) 

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= yedno 

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. IMPl=IM+l 
b. JMPl=JM+l  
c. KMPl=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. RADIAL DATA INFORMATION 
A. FINE MESH CELL-AVERAGE-RADIUS SECTION 

mAVG (IT), 6E12 

This section is to be read as follows: 

DIMENSION FDAVG (IT) 
READ (NINP,400) FDAVG 

400 FORMAT (6E12.5) 

B. NUMBER OF RADIAL-FTlSE-MESHES-PER-COARSE MESH SEC- 
TION 

Mx (IM) , 1216 
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5. 

6. 

7. 

8. 

9. 

C. COARSE MESH RADIAL BOUNDARIES SECTION 

XMESH (IMPl), 6E12 

AXIAL DATA INFORMATION Ip;F (IDIMEN .GT. l)] 
A. FINE MESH CELL-AVERAGE-AXIAL-POSITION SECTION 

ADAVG (JT) 6E12 

B. NUMBER OF AXIAL-FINE-MESHES-PER-COARSE MESH SECTION 

IHY (JM) 1216 

C. COARSE-MESH-AXIAL-BOUNDARIES SECTION 

YMESH (JMP1) 6E12 

2 DATA INFOFUUTION Ip;F ( I D W N  .GT. 2)] 
A. FINE MESH CELL-AVERAGE-Z-POSITION SECTION 

ZDAVG (KT) 6E12 

B. NUMBER OF Z-FINE-MESHES-PER-COARSE MESH SECTION 

IHZ (KMJ , 1216 

C. COARSE-MESH-2-BOUNDAS SECTION 

ZMESH (KMP1) 6E12 

ZONE NUMBERS-BY-COARSE-MESH-INTERVAL SECTION 

IDCS @WMKM) 1216 

FISSION-SOURCE-RATE SECTION p (IFISS .GT. O)] 

FISRT (ITJTKT) 6E12 

SCALAR FXUX SECTION IJEF (IADDFX .EQ. O)] 

FLUX (ITJ"KT,NGROUP), 6E12 

This section is to be read as follows: 
DIMENSION FLUX (ITJTKT,NGROUP) 
DO 10 J=l,NGROUP 
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m4(NINP,400) (FLUX(1,J) , I=l,ITJTKT) 
10 CONTINUE 
400 FORMAT (6E12.5) 
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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 ASLEFI'. 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 ASBOTT and ASTOP. 

1. 

2. 

TITLE CARD SECTION (Format A72) 

This card identifies the direction of the angular flux (in-going for ASLEFI', out- 
going for ASRTIE, down-going for ASBOTT, and up-going for ASTOP), and the 
plane it was written from. 

ANGULAR FLUX DATA SECTION (Format 6(1x, lpe11.5)) 

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, ZNAmN, SNCONS, FMSRC, 
RTFLUX, ATFLUX, RAFLUX, AAFLUX and RZFLUX. 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, ASGhbXT, SOLINI?, 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, RMFLWAMF'LUX, RZMFLX, RAFLW 
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 he-mesh boundary. It differs from the standard adjoint angular flux file 
AAFLUX only in that the fluxes are in different angular order. In AAFLXM, the fluxes 
are in calculational order according to the sweeping; Le., angles for each level of a quad- 
rant. 

C*********************************************************************** 
C WISED 11/30/76 - 
C 
CF AAFLUX-IV - 
CE ADJOINT ANG- FLUX - 
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 - 

NUMBER OF GROUPS - CD NGROUP 
CD NINTI NUMBER OF FIRST DIMENSION FINE MESH INTERVALS - 
CD NINTJ NUMBER OF SECOND DIMENSION FINE MESH 1NTERVALS.- 
CD NINTJ.EQ.l IF NDIM.EQ.l - 
CD NINTK NUMBER OF THIRD DIMENSION FINE MESH INTERVALS. - 
CD NINTK.EQ.l IF NDIM.LE.2 - 

NUMBER OF DIRECTIONS - CD NDIR 
CD EFFK EFFECTIVE MULTIPLICATION FACTOR - 

RESERVED - CD ADUM 
C 
C----------------------------------------------------------------------- 

- 
- 

- 

- 

VERTICAL EDGE 
------------ 

I I 
I I 

I I 
I I 

I I 

I I HORIZONTAL EDGE 

------------ 
CEOF 
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The AAFLXM 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 AAFLXM, the fluxes are in 
calculational order. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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**********************************************************************- 

- 

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 

*************(REPEAT FOR ALL GROUPS) 
* (GROUP NGROUP IS FIRST) 
* ********(REPEAT FOR ALL FRONT-GOING DIRECTIONS) 

* COMPUTATIONAL COSINES ALWAYS 
* * CELL BACK-EDGE ANGULAR FLUX FOR BACK PLANE 
* 
* ******* 
* 
* *******(REPEAT FOR ALL Z-INTERVALS) 
* (INTERVAL NINTK IS FIRST) 
* * ******(REPEAT FOR ALL FRONT-GOING DIRECTIONS) 

* * COMPUTATIONAL COSINES ALWAYS 
* * HORIZONTAL-EDGE ANGULAR FLUX ALWAYS 
* * VERTICAL-EDGE ANGULAR FLUX ALWAYS 

* * * CELL FRONT-EDGE ANGULAR FLUX ALWAYS 

* 
* 
* 
* * ***** 
* * ****** 
* 
* ********(REPEAT FOR ALL BACK-GOING DIRECTIONS) 
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/ 

cs * * COMPUTATIONAL COSINES ALWAYS 
cs * * CELL FRONT-EDGE ANGULAR FLUX FOR FRONT PLANE 
cs * 
cs * 
cs * *******(REPEAT 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----------------------------------------------------------------------- 
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.l IF NDIM.LE.2 - 
CD EFFK EFFECTIVE MULTIPLICATION FACTOR - 
CD POWER POWER IN WATTS TO WHICH FLUX IS NORMALIZED - 
C 
C----------------------------------------------------------------------- 

- 

- 
- 

- 
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CR 
C 
CL 
C 
CW 
C 
CD 
C 

CELL BACK-EDGE ANGULAR FLUX 

( (FBEDGE (I, J) , I=NINTI) , J=1, NINTJ) 

NINTI*NINTJ*MULT=NUMBER OF WORDS 

FBEDGE (I, J) CELL BACK-EDGE ANG- FLUX 

15-26 FILE DESCRIPTIONS Version 3.0 



CODE DEPWENT INTERFACE FILES AAFIXM for THREEDANT 

LEFq 

> 
0 

0 
F R O N P  

0 
0 

0 
0 

0 
0 

\ 
\ 

BOTTOM 

CEOF 
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The ADJMAC file is the adjoint-reversed counterpart to the MACRXS interface file. 



CODE DEPENDENT INTERFACE FILES ADJMAC 

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(F0R COUPLED SETS) - 
CD MAXUP MAXIMUM NUMBER OF UPSCATTER GROUPS - 
CD MAXDN MAXIMUM NUMBER OF DOWNSCATTER GROUPS - 
CD NPRIN NUMBER OF PRINCIPAL CROSS SECTIONS - 
CD I2LP1 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 - 
- 

(HMAT(1) ,I=l,NMAT), (HED(J) , J=l,NEDT), (VEL(N) ,N=l,NGROUP) , 

(NMAT+NEDT+2*NGROUP+l)*MULT=NUMBER OF WORDS - 
HMAT(I) HOLLERITH MATERIAL LABEL FOR MATERIAL I (A6) - 

VEL (N) MEAN NEUTRON VELOCITY IN GROUP N (CM/SEC) - 
MAXIMUM ENERGY BOUND OF GROUP N (EV) - EMAX (N) 

EMIN MINIMUM ENERGY BOUND OF SET (EV) 
NEDT NED+NPRIN - 

THE FOUR BASIC PRINCIPAL CROSS SECTIONS - 
ALWAYS PRESENT ARE: - 

- 
1 (EMAX (N) , N=l , NGROUP) , EMIN - 

- 

- 

HED (J) HOLLERITH LABEL FOR J-TH CROSS SECTION POSITION(A6)- 

- 

- 

- 
HED(1) = 3HCHI - 
HED(2) = GHNTJSIGF - 
HED(3) = 5HTOTAL - 
HED(4) = 3HABS - 

ALSO PRESENT WHEN NPRIN=5 IS: - 
HED(5) = 5HTRANS - 

- 

- 
- 

CR 
C 
CL 
C 
cw 
C 
CD 
C 
CN 
CN 
CN 
CN 
CN 
CN 
C 
CN 
C 
CN 
C 

PRINCIPAL CROSS SECTIONS FOR GROUP N - 
- 

((C(1,J) ,I=l,NMAT) ,J=l,NEDT) - 

NMAT*NEDT*MULT=NUMBER OF WORDS - 

PRINCIPAL CROSS SECTIONS - C (I, J) 

BASIC PRINCIPAL CROSS SECTIONS ALWAYS PRESENT ARE: - 

- 
- 

- 

ALSO 

- 
J=1 FISSION SPECTRUM - 
J=2 FISSION NU*FISSION CROSS SECTION - 
J=3 TOTAL CROSS SECTION - 
J=4 ABSORPTION CROSS SECTION - 

PRESENT WHEN NPRIN=5 IS: - 
J=5 TRANSPORT CROSS SECTION - 

- 

- 
- 
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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.0 

( SCAT ( I ) , I=l , NTAB ) 
NTAB*MULT=NUMBER OF WORDS 

- SCATTERING CROSS SECTION 
- 

SCAT (I) 

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 L FROM 1 TO NORD AND OVER J FROM 1 TO NMAT. - 

THE SCATTERING CROSS SECTIONS ARF: 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+1. 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. 

- 

- 

- 
- 
- 
- 
- 
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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. 
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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 DATE 09/18/81 - 

ASGMAT 
CODE DEPENDENT FILE ASSIGNING MATERIALS TO ZONES 

C - 
C---------------------------------------------- 
CR FILE CONTROL 
C 
CL MT, NZONE, MPZTOT 
C 
CW 3=NUMBER OF WORDS 
C 
CD 1 MT NUMBER OF MATERIALS 
CD 2 NZONE NUMBER OF ZONES 
CD 3 MPZTOT IN-SOLVER MIXING TABLE LENGTH 
CD 4 FMMIX 0/1 NO/YES VOL FRACTION MIXING 
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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. 
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c 
CW NORD*NZONE=NUMBER OF WORDS 
C 
C 
CD FLUX(M,I) ADJOINT FLUX MOMENT AVERAGES FOR EACH 
CD ZONE. 
C 
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The BXSLB 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 BXSLB file)" on page 10-12. 

c**********************************************************************- 
- 
- 

C DATE 09/22/88 
C 
CF BXSLIB 
CE 
C 
CN 
CN BLOCK I11 ONEDANT INPUT TOGETHER WITH THE 
CN CROSS SECTIONS FROM THE ORIGINAL CARD LIBRARY. - 

THE FILE ALSO MAY CONTAIN ISOTOPE/ATOMIC WEIGHT- CN 
PAIRS FROM THE BLOCK IV ONEDANT INPUT CN 

C 

- 
- MICROSCOPIC GROUP NEUTRON CROSS SECTIONS FROM CARDS - 
- THIS FILE CONTAINS IN BINARY FORM THE - 

- 
- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

cs 
cs RECORD TYPE PRESENT IF 

cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
C 
C-- 

FILE DATA 

*************(REPEAT FOR ALL ISOTOPES) 
* **********(REPEAT FOR ALL LEGENDRE ORDERS 
* *  CROSS SECTION SET * ********** 
************* 

ISOTOPE LAT3EL/ATOMIC WEIGHT PAIR 

I 
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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 I2LP1 0/1 - NO/YES SCATTERING CROSS SECTIONS CONTAIN - 
CD 2L+1 FACTOR - 
C - 
C----------------------------------------------------------------------- 
C----------------------------------------------------------------------- 
CR 
C 
CL 
CL 
CL 
C 
cw 
C 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 

FILE DATA - 
- 
- 

(HSETID(1) ,1=1,12) , (HISONM(1) ,I=l,NISO) , (EDNAME(1) ,I=l,IHT-3), 
l(CHI(J) ,J=l,NGROUP), (VEL(J) ,J=l,NGROUP) , 
2(EMAX(J) ,J=l,NGROUP) ,EMIN, (NSPI(1) ,I=l,NISO) 

- 
- 
- 

(NIS0+12+IHT-3)*MULT+(3*NGROUP+l)*MULT+NISO~NUMBER OF WORDS - 
- 

HSETID (I) 
HISONM (I) 
EDNAME (I) 

CHI (J) 
VEL (J) 
EMAX (J) 
EMIN 
NSPI (I) 

HOLLERITH IDENTIFICATION OF FILE (A6) 
HOLLERITH ISOTOPE LABEL FOR ISOTOPE I (A6) 
HOLLERITH NAME FOR EDIT POSITIONS 
PRECEDING SIGMA ABSORPTION FOR POSITION I (A6) 

MEAN NEUTRON VELOCITY IN GROUP J (CM/SEC) 
MAXIMUM ENERGY BOUND OF GROUP J (EV) 
MINIMUM ENERGY BOUND OF SET (EV) 
NUMBER OF LEGENDRE ORDERS FOR ISOTOPE I 

FILE-WIDE FISSION SPECTRUM(ZER0ES IN ONEDANT) 

c 
CL ((C(1,J) ,I=l,IHM) ,J=l,NGROUP) 
C 
CW IHM*NGROUP*MITLT=NUMBER OF WORDS 
C 

c 
CW 2*NISOAW*MULT=NUMBER OF WORDS 
C 



CODE DEPENDENT INTERFACE FILES EDm 

The EDITIT code-dependent interface file contains information specific to the Edit 
Module, mainly information from Block VI of the card-image input. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- DATE 01/28/95 
- C 

C 
CF 
CE 

- 
- EDITIT 

CODE DEPENDENT FILE OF INFORMATION SPECIFIC TO THE 

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 
C 

- FILE STRUCTURE 

RECORD TYPE 

FILE IDENTIFICATION ALWAYS 
RAW CONTROLS AND DIMENSIONS ALWAYS 
DEFAULTED CONTROLS AND DIMENSIONS ALWAYS 

ALWAYS RAW FLOATING INPUT DATA 
FINE GROUPS PER BROAD GROUP ALWAYS 

NZNS.NE.0 - ZONE NUMBERS 
NIPE.NE.0 POINT NUMBERS 

IPLANE NUMBERS NIPLNE.NE.0 
NJPLNE.NE.0 - JPLANE NUMBERS 
NKPLNE.NE.0 - KPLANE NUMBERS 
NPOS.NE.0 - CROSS SECTION POSITIONS 
NISO.NE.0 - ISOTOPE NUMBERS TO EDIT 
MACRO. NE. 0 - MATERIAL NUMBERS TO EDIT 
NCONS .NE. 0 CONSTITUENT NUMBERS TO EDIT 
IDOSE.NE.0 - RESPONSE FUNCTION NAMES 

*************(REPEAT FOR ALL RESPONSE FUNCTIONS) 
IDOSE .NE. 0 - * RESPONSE FUNCTION ENERGY VECTOR 
IDOSE.NE.0 - * RESPONSE FUNCTION X SPATIAL VECTOR 

* RESPONSE FUNCT Y SPATIAL VECTOR IDOSE.NE.O.AND.IDIM.GT.1 - 
* RESPONSE FUNCT Z SPATIAL VECTOR IDOSE.NE.O.AND.IDIM.GT.2 - 

- 
PRESENT IF - 
____-_______-_- - _______________  ______-_________________------- ______-_________________------- 

- 
- 
- 
- 
- 

- 
- 

- 

- 

************* - 
- CROSS SECTION SUMMING ARRAY - 1XSUM.NE. 0 

IRSUM . NE. 0 - RESPONSE FUNCTION SUMMING ARRAY 
IDEN.NE.0 - FINE X MESH DENSITY FACTORS 

FINE Y MESH DENSITY FACTORS IDEN.NE.0 .AND. IDIMEN.GT.l - 
FINE Z MESH DENSITY FACTORS IDEN.NE.0 .AND. IDIMEN.GT.2 - 

- 
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C-- 
CR 
C 
CL 
CL 
CL 
CL 
C 
cw 

.--------------------------------------------------------------------- 
RAW CONTROLS AND DIMENSIONS - 

IEDOPT,PTED, NIPE, IKND, ZNED, NZNS,IXSUM,IRSUM, NPOS, NISO, - 
- 

1 NCONS, MACRO, IDOSE, IGRPED, LNG, NBG, IDEN, NGROUP, AJED, - 
2 ITED, JTED, KTED, IRZFLX, IRZMFX, EDOUTF, IFLUX1, IPRPLT, - 
3 NIPLNE, NJPLNE, NKPLNE - 

75=NUMBER OF WORDS - 
- 

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 16 
CD 17 
CD 18 
CD 19 
CD 20 
CD 21 
CD 22 
CD 23 
CD 24 
CD 25 
CD 26 
CD 27 
CD 28 
CD 29 
CD 30 
C 

IEDOPT 
PTED 
NIPE 
BYVOLP 
ZNED 
NZNS 
IXSUM 
IRSUM 
NPOS 
NISO 

NCONS 
MACRO 
IDOSE 
IGRPED 
LNG 
NBG 
IDEN 
NGROUP 
AJED 
ITED 
JTED 
KTED 
IRZFLX 
IRZMFX 
EDOUTF 
IFLUXl 
IPRPLT 
NIPLNE 
NJPLNE 
NKPLNE 

- 
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 
LENGTH OF 
LENGTH OF 
NUMBER OF 
NUMBER OF 

NUMBER OF 
NUMBER OF 
NUMBER OF 

NUMBER OF 
NUMBER OF 

0/1/2/3 - 

EDIT ZONES 
CROSS SECTION SUMMING TABLE 
RESPONSE FUNCTION SUMMING TABLE 
CROSS SECTION POSITIONS TO EDIT 
ISOTOPES TO EDIT 

ISOTOPES TO EDIT AS CONSTITUENTS 
MATERIALS TO EDIT 
RESPONSE FUNCTIONS TO EDIT 
ENERGY GROUP PRINT OPTIONS 
THE LAST NEUTRON GROUP 
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 
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CW 2*MULT=NUMBER OF WORDS 
C 
CD 1 POWER NORMALIZE TO POWER 
CD 2 MEVPER MEV RELEASED PER FISSION 
C 

CR POINTS TO EDIT 
C 
cc PRESENT IF NIPE.GT.0 
C 
CL (POINTS (I) , I=l, NIPE) 
C 
CW NIPE=NUMBER OF WORDS 
C 
CD POINTS (I) NUMBER OF 
C 

THE I-TH POINT TO EDIT 
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CD JPLJVES(1) NUMBER OF THE J-TH PLANE TO EDIT 
C 

CD EDXS (I) POSITION NUMBER TO EDIT (IN NUMERIC FORM) 
C 

CW NISO=NUMBER OF WORDS 
C 
CD EDISOS(1) ISOTOPE NUMBER TO EDIT(1N NUMERIC FORM) 

CR MATERIAL NUMBERS TO EDIT 
C 
cc PRESENT IF MACRO.GT.0 
C 
CL (EDMATS(I),I=l,MACRO) 
C 
CW MACRO=NUMBER OF WORDS 
C 
CD EDMATS(1) MATERIAL NUMBER TO EDIT(1N NUMERIC FORM) 
n 
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The HSSRC 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 - 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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c----------------------------------------------------------------------- 
CR 
C 
CL NDIM,NGROUP,NINTI,NINTJ,NINTK,ITER,EFFK,POWER,NBLOK 
C 
CW 9 =NUMBER OF WORDS 
C 
CD NDIM 
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 - 

OUTER ITERATION NUMBER AT WHICH FISSION WAS - CD ITER 
WRITTEN CD 

CD EFFK EFFECTIVE MULTIPLICATION FACTOR 
POWER IN WATTS TO WHICH FISSION IS NORMALIZED - CD POWER, 

CD NBLOK SET TO 1 
C c----------------------------------------------------------------------- 

- SPECIFICATIONS (1D RECORD) - 
- 
- 
- 
- 
- NUMBER OF DIMENSIONS - 

- 
- 

- 
- 

FILE DESCRIPTIONS Version 3.0 



GEODST CODE DEPENDENT INTERFACE FILES 

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 m S E D  05/20/91 - 
C 
CF GEODST - IV 
C 
CE GEOMETRY DESCRIPTION - 
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 
C 

FILE STRUCTURE - 

RECORD TYPE PRESENT IF - 

FILE IDENTIFICATION ALWAYS - 
FILE SPECIFICATIONS ALWAYS - 
ONE DIMENSIONAL COARSE MESH IGOM.GT.0 AND IGOM.LE.3 - 
TWO DIMENSIONAL COARSE MESH IGOM.GE.6 AND IGOM.LE.ll - 
THREE DIMENSIONAL COARSE MESH IGOM.GE.12 AND IGOM.LE.18 - 
REGION ASSIGNMENTS TO COARSE MESH IGOM.GT.0 AND NRASS.EQ.0 - 
REGION ASSIGNMENTS TO FINE MESH IGOM.GT.0 AND NRASS.EQ.l - 

GENERALIZED 2D SPECIFICATIONS IGOM.EQ.106 OR IGOM.EQ.107 - 
SUBMESH JOINING DATA IGOM.EQ.106 OR IGOM.EQ.107 - 

********(REPEAT FOR ALL SUB-MESHES) IGOM.EQ.106 OR IGOM.EQ.107 - 
* SUB-MESH NAME - 

- 
- -___----------- ____----------_ _________----_____---_----- ---_-_-_----____----------- 

GEOMETRY DATA IGOM.GT.0 OR NBS.GT.0 - 

- 

* SUB-MESH SPECIFICATIONS 
* SUB-MESH VERTICES 
* SUB-MESH INTERVAL CORNER COUNTS 
* SUB-MESH INTERVALS 
********(END REPEAT) 
********(REPEAT FOR ALL ZONINGS) 
* ZONING NAME 
* ZONING SPECIFICATIONS 
* REGION ASSIGNMENTS TO SUB-MESH 
******** (END REPEAT) 

OBJECT NAMES 
OBJECT SPECIFICATIONS 

********(REPEAT FOR ALL COMPONENTS) 
* COMPONENT NAME 
* COMPONENT SPECIFICATIONS 
* COMPONENT DESCRIPTION 
********(END REPEAT) 

GEOMETRY NAME 
GEOMETRY SPECIFICATIONS 
GEOMETRY DESCRIPTION 

********(REPEAT FOR ALL BDRY SEGMENTS) 
* BOUNDARY SEGMENT, CONDITION 
********(END REPEAT) 

- 
- 

ILR.EQ. 0 - 
ILR.EQ.0 - 

NRASS. EQ. 2 - 
NRASS . EQ .2 - 
NRASS . EQ. 2 - 

- 
IGOM.EQ.106 OR IGOM.EQ.107 - 

- 
IGOM.EQ.106 OR IGOM.EQ.107 - 
IGOM.EQ.106 OR IGOM.EQ.107 - 
IGOM.EQ.106 OR IGOM.EQ.107 - - 

- 
- 
- 

IGOM.EQ.106 OR IGOM.EQ.107 - 
IGOM.EQ.106 OR IGOM.EQ.107 - 
IGOM.EQ.106 OR IGOM.EQ.107 - 
IGOM.EQ.106 OR IGOM.EQ.107 - - 

- 
- 
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CR 
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,I~l,- 
IMB2,JMBl,JMB2,XMBl,KMB2,NBS,NBCS,NIBCS,NZ~B,NTRIAG,~SS,NTHPT,- 
(NGOP(1) ,I=1,4) 

27 

IGOM GEOMETRY 0 - 
1- 
2- 
3- 
6- 
7- 
8- 
9- 
10- 

11- 
12 - 
13 - 
14- 
15- 
16- 
17- 
18- 

106- 
107- 

NZONE 

NREG 
NZCL 
NCINTI 
NCINTJ 

NCINTK 

NINTI 
NINTJ 

POINT (FUNDAMENTAL MODE) 
SLAB 
CYLINDER 
SPHERE 
x-Y 
R- Z 
THETA-R 
UNIFORM TRIANGULAR 
HEXAGONAL (1 MESH POINT IN EACH 

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 

X-Y GENERALIZED 
R-Z GENERALIZED 

HEXAGONAL ELEMENT) 

ABOVE) 

NUMBER OF ZONES (EACH HOMOGENEOUS IN NEUTRONICS 

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.l FOR ONE DIMENSIONAL 
CASE. 

NUMBER OF THIRD DIMENSION COARSE MESH INTERVALS 
NCINTK.EQ.l FOR ONE AND TWO DIMENSIONAL 
CASES. 

PROBLEM - A ZONE CONTAINS ONE OR MORE REGIONS) 

NUMBER OF FIRST DIMENSION FINE MESH INTERVALS 
NUMBER OF SECOND DIMENSION FINE MESH INTERVALS 

NINTJ.EQ.l 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.l FOR ONE AND TWO DIMENSION CASES. - 
IMBl FIRST BOUNDARY ON FIRST DIMENSION - 

0 - ZERO FLUX (DIFFUSION) - 
1 - REFLECTED - 
2 - EXTRAPOLATED (DIFFUSION - DEL PHI/PHI - 

= -C/D WHERE C IS GIVEN AS BNDC BELOW - 
AND D IS THE GROUP DIFFUSION CONSTANT, 
TRANSPORT - NO RETURN). - 

3 - REPEATING (PERIODIC) WITH OPPOSITE FACE - 
4 - REPEATING (PERIODIC) WITH NEXT ADJACENT - 

FACE. - 
5 - INVERTED REPEATING ALONG THIS FACE. - 

(180 DEGREE ROTATION) - 
6 - ISOTROPIC RETURN (TRANSPORT) - 

- 

- 
NOTE FOR REPEATING CONDITIONS (3,4,5) - LET I1 DENOTE FIRST- 
BOUNDARY ON FIRST DIMENSION, I2 THE SECOND BOUNDARY ON THE - 

IMB2 
JMEil 
m 2  
KMBl 
KMB2 
NBS 

NBCS 

NIBCS 

NZWBB 
NTRIAG 

FIRST DIMENSION, J1 THE FIRST BOUNDARY ON THE SECOND 
DIMENSION, ETC. THEN THESE REPEATING BOUNDARY CONDITIONS 
ONLY APPLY TO BOUNDARIES 11,12,Jl, AND J2. GOING IN ORDER 
OF Il,Jl,I2,J2, THE FIRST BOUNDARY WHICH IS INVOLVED 
CARRIES THE DESIGNATOR DEFINING THE REPEATING CONDITION. 

LAST BOUNDARY ON FIRST DIMENSION 
FIRST BOUNDARY ON SECOND DIMENSION 
LAST BOUNDARY ON SECOND DIMENSION 
FIRST BOUNDARY ON THIRD DIMENSION 
LAST BOUNDARY ON THIRD DIMENSION 
NUMBER OF BUCKLING SPECIFICATIONS 

0 - 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) 

NUMBER OF CONSTANTS FOR EXTERNAL BOUNDARIES 
0 - NONE 
1 - SINGLE VALUE USED EVERYWHERE 
6 - INDIVIDUAL VALUE GIVEN FOR EACH 

EXTERNAL BOUNDARY. THE ORDERING OF THE 
VALUES IS THE SAME AS THE ORDERING OF 
THE BOUNDARY CONDITIONS. 

6*M - SIX VALUES GIVEN FOR FIRST ENERGY 
GROUP (ORDERED AS DESCRIBED ABOVE), 
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. 

NUMBER OF CONSTANTS FOR INTERNAL, BOUNDARIES 
0 - NONE 
1 - SINGLE VALUE USED EVERYWHERE 
.GT.1 - VALUES ARE GIVEN BY ENERGY GROUP 
WITH NON-BLACK CONDITION INDICATED BY 
ZERO ENTRY - LAST VALUE APPLIES TO 
ADDITIONAL GROUPS 

NUMBER OF ZONES WHICH ARE BLACK ABSORBERS 
TRIANGULAR/HEXAGONAL GEOMETRY OPTION 

0 - REGION OF SOLUTION IS A RHOMBUS 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 

1 -  

2 -  

3 -  

4 -  

5 -  

REGION OF SOLUTION IS A RHOMBUS IN 
WHICH THE 1ST AND 2ND DIMENSION AXES 
INTERSECT AT AN ANGLE OF 60 DEGREES. 
REGION OF SOLUTION IS A RECTANGLE. THE 
BOUNDARIES I1 AND I2 BISECT MESH 
TRIANGLES. SEE NTHPT BELOW. 
(IGOM=9 , 17 ONLY) 
REGION OF SOLUTION IS AN EQUILATERAL, 
60 DEGREE TRIANGLE. (IGOM=9 , 17 ONLY) 
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) 
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 
0- 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(1,l) POINTS AWAY FROM FIRST 

DIMENSION AXIS, I.E., NO INTERNAL MESH 
LINE INTERSECTS THE ORIGIN. 

DIMENSION AXIS, I.E., AN INTERNAL MESH 
LINE INTERSECTS THE ORIGIN. 

2- TRIANGLE(1,l) POINTS TOWARD THE FIRST 

NGOP RESERVED 

C----------------------------------------------------------------------- 
CR ONE DIMENSIONAL COARSE MESH INTERVAL BOUNDARIES AND FINE - 
CR 
C 
cc 
C 
CL 
C 
CW NCBNDI*MULT+NCINTI 
C 
CD XMESH COARSE MESH BOUNDARIES, FIRST DIMENSION 
CD IFINTS NUMBER OF EQUALLY SPACED FINE MESH INTERVALS 
CD 
CD NCBNDI NCINTI+l, NUMBER OF FIRST DIMENSION COARSE MESH 
CD 
C 
cc UNITS ARE CM FOR LINEAR DIMENSIONS AND RADIANS FOR ANGULAR - 
cc DIMENSIONS 
C 
C----------------------------------------------------------------------- 

MESH INTERVALS (2D RECORD) - 
- 
- PRESENT IF IGOM.GT.0 AND IGOM.LE.3 
- 
- (XMESH(1) ,I=l,NCBNDI) , (IFINTS(1) ,I=l,NCINTI) 
- 
- 
- 
- 
- 
- PER COARSE MESH INTERVAL, FIRST DIMENSION. 

BOUNDARIES 
- 
- 
- 

- 
- 

C-- 
CR 
CR 
C 
cc 
C 
CL 
CL 
C 

. - -_____-___________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
TWO DIMENSIONAL COARSE MESH INTERVAL BOUNDARIES AND FINE - 
MESH INTERVALS (3D RECORD) 

PRESENT IF IGOM.GE.6 AND IGOM.LE.ll 

- 
- 
- 
- 

(XMESH(1) ,I=l,NCBNDI) , (YMESH(J) ,J=l,NCBNDJ) , - 
- 1 (IFINTS (I) , 1=1 , NCINTI) , (JFINTS (J) , J=l ,NCINTJ) - 
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(NCBNDI+NCBNDJ)*MULT+NCINTI+NCINTJ 

YMESH COARSE MESH BOUNDARIES, SECOND DIMENSION 
JFINTS 

NCBNDJ NCINTJ+l, NUMBER OF SECOND DIMENSION COARSE 

NUMBER OF EQUALLY SPACED FINE MESH INTERVALS 
PER COARSE MESH INTERVAL, SECOND DIMENSION. 

MESH BOUNDARIES 

FOR UNIFORM-TRIANGULAR-MESH GEOMETRY (IGOM = 9) THE 
LENGTH (L) OF THE SIDE OF A MESH TRIANGLE MUST BE GIVEN 
BY THE EXPRESSION 

FOR UNIFORM-HEXAGONAL-MESH GEOMETRY (IGOM = 10) THE 
FLAT-TO-FLAT DISTANCE (FTF) ACROSS A MESH HEXAGON MUST 
BE GIVEN BY THE EXPRESSION 

L = 2.*(XMESH(2)-XMESH(l))/IFINTS(l) . 

FTF = (XMESH (2) -XMESH (1) ) /IFINTS (1) 

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 .Ah). IGOM.LT.lOO 

(XMESH (I) , I=l, NCBNDI) , (YMESH (J) , J=1, NCBNDJ) , 
1 (ZMESH (K) , K=l, NCBNDK) , (IFINTS (I) , 1=1 , NCINTI) , 
2 (JFINTS (J) , J=1, NCINTJ) , (KFINTS (K) , K=l , NCINTK) 

(NCBNDI+NCBND J+NCBNDK) *MULT+NCINTI +NCINTJ+NCINTK 

ZMESH COARSE MESH BOUNDARIES, THIRD DIMENSION 
KFINTS 

NCBNDK NCINTK+l, NUMBER OF THIRD DIMENSION COARSE MESH 

NUMBER OF EQUALLY SPACED FINE MESH INTERVALS 
PER COARSE MESH INTERVAL, THIRD DIMENSION. 

BOUNDARIES 

FOR UNIFORM-TRIANGULAR-MESH GEOMETRY (IGOM = 17) THE 
LENGTH (L) OF THE SIDE OF A MESH TRIANGLE MUST BE GIVEN 
BY THE EXPRESSION 

FOR UNIFORM-HEXAGONAL-MESH GEOMETRY (IGOM = 18) THE 
FLAT-TO-FLAT DISTANCE (FTF) ACROSS A MESH HEXAGON MUST 
BE GIVEN BY THE EXPFESSION 

L = 2.*(XMESH(2)-XMESH(l))/IFINTS(l) . 

FTF = (XMESH (2) -XMESH (1) ) /IFINTS (1) 

C----------------------------------------------------------------------- 
CR GEOMETRY DATA (5D RECORD) - 
C - 
cc PRESENT IF IGOM.GT.0 OR NBS.GT.0 - 
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) - 
n L 

cw 
C 
CD 
CD 
CD 
CD 
CD 
CD 

2*NREG+NBS+NBCS+NIBCS+NZWBB+NZONE 
- 

VOLR REGION VOLUMES (CC) - 
BSQ BUCKLING (B**2) VALUES (CM**-2) - 
BNDC BOUNDARY CONSTANTS (DEL PHI/PHI =-C/D) - 
BNCI INTERNAL BLACK BOUNDARY CONSTANTS - 
NZHBB ZONE NUMBERS WITH BLACK ABSORBER CONDITIONS - 
NZC ZONE CLASSIFICATIONS - 
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CR 
C 
cc 
C 
CL 
C 
cw 
C 
cs 
cs 1 
C 
CD 
C 

REGION ASSIGNMENTS TO FINE MESH INTERVALS 

PRESENT IF IGOM.GT.0 AND NRASS.EQ.l 

(7D RECORD) 

((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 

cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 

C-- 
CR 
C 
cc 
C 
CL 
CL 
C 
cw 
C 
CD 
CD 
CD 
CD 
CD 

THE FULL PROBLEM AREA MAY BE DECOMPOSED INTO A SET OF SEPARATE 
SMALLER AREAS, EACH WITH A MESH OF ITS OWN, CALLED A SUBMESH. 
EACH SUB-MESH IS THEN DESCRIBED SEPARATELY. SOME VERTICES ON THE 
EXTERIOR OF A SUBMESH MAY ALSO LIE IN A CONTIGUOUS SUBMESH. 

- 
- 
- 
- 
- 

NOTICE THERE IS NO IMPLIED CONSTRAINT THAT EACH EXTERIOR SUBMESH - 
ONE SUBMESH MAY- VERTEX MATCH A VERTEX ON AN ADJACENT SUBMESH. THUS, 

BE FINER THAN ITS ADJOINING ONE. - 
- 

PRESENT IF IGOM.EQ.106 OR IGOM.EQ.107 

- NSMESH,NZONIG,NOBJS,NCOMPS,NEB, 
MAXVTX,MAXICN,MAXINT,NUMVTX,NUMICN,NUMINT,NUMCOM,NCOMGE,NAMLEN - - 
14 

NSMESH 
NZONIG 
NOB JS 
NCOMPS 
NEB 

NUMBER OF SUBMESHES 
NUMBER OF ZONINGS 
NUMBER OF OBJECTS 
NUMBER OF COMPONENTS IN GEOMETRY 
NUMBER OF EXTERNAL BOUNDARY SEGMENTS 
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CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 
C---- 

MAXVTX 
MAXICN 
M I N T  
NUMVTX 
NUMICN 
NUMINT 
NUMCOM 

NCOMGE 
NAMLEN 

-------- 

MAXIMUM NUMBER OF VERTEXES IN A SUBMESH - 
MAXIMUM NUMBER OF INTERVAL CORNERS IN A SUBMESH - 
MAXIMUM NUMBER OF INTERVALS IN A SUBMESH - 
TOTAL NUMBER OF VERTEXES IN ALL SUBMESHES - 
TOTAL NUMBER OF INTERVAL CORNERS IN ALL SUBMESHES - 
TOTAL NUMBER OF INTERVALS IN ALL SUBMESHES - 
TOTAL NUMBER OF SUBCOMPONENTS IN ALL COMPONENTS - 
AND THE GEOMETRY - 
TOTAL NUMBER OF SUBCOMPONENTS IN GEOMETRY - 
NUMBER OF A6 WORDS IN A SUBMESH, OBJECT, OR - 
COMPONENT NAME - 

- 
........................................................... 

C 
CC PRESENT IF IGOM.EQ.106 OR IGOM.EQ.107 
C 
CL NVTX, ILR, IM, JM, NEDGES, NINT 
C 
cw 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 

6 = NUMBER OF WORDS 

NVTX NUMBER OF VERTICES IN THIS SUB-MESH 
ILR FLAG FOR LOGICALLY RECTANGULAR SUB-MESH DOMAIN 

0 - NOT A LOGICALLY RECTANGULAR WMAIN 
1 - LOGICALLY RECTANGULAR DOMAIN 

IM NUMBER OF VERTICES IN THE X DIRECTION IF THE 

JM NUMBER OF VERTICES IN THE Y DIRECTION IF THE 

NICNT TOTAL NUMBER OF INTERVAL CORNERS IN THE SUB-MESH 
NINT NUMBER OF MESH INTERVALS IN THE SUB-MESH 

SUB-MESH HAS A LOGICALLY RECTANGULAR DOMAIN 

SUB-MESH HAS A LOGICALLY RECTANGULAR DOMAIN 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

FOR A LOGICALLY RECTANGULAR DOMAIN, THE EDGES AND 
INTERVALS ARE AUTOMATICALLY DEFINED. THE FIRST IM+1 
VERTEXES ABOVE FORM, 
DIMENSION, THE SECOND IM+1 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 EDGE TO THE CORRESPONDING VERTEX IN THE 
SECOND LINE. THIS SERIES OF EDGES ENCLOSES THE FIRST IM 
INTERVALS. CONTINUING THIS PROCESS THRU ALL THE LINES 
GENERATES THE FULL LOGICALLY RECTANGULAR MESH STRUCTURE. 

IN ORDER,THE FIRST LINE IN THE FIRST 

PRESENT IF (IGOM.EQ.106 OR IGOM.EQ.107) AND ILR.EQ.0 

(ICN (I) , I=l, NICNT) 

NICNT = NUMBER OF WORDS 

INDEXES OF VERTEXES SURROUNDING EACH INTERVAL. 
THE FIRST NICN(1) OF THESE DESCRIBE THE 
VERTEXES SURROUNDING INTERVAL NUMBER ONE. THE 
NEXT NICN(2) DESCRIBE THE VERTEXES AROUND 
INTERVAL NUMBER TWO, AND SO ON. 
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C 
cc PRESENT IF (IGOM.EQ.106 OR IGOM.EQ.107) AND NRASS.EQ.2 
C 
CL ZNAME 
C 
CW l*MULT*NAMLEN = NUMBER OF WORDS 
C 
CD ZNAME HOLLERITH ZONING NAME (A6) 
C 

CR ZONING SPECIFICATIONS (16D RECORD) 
C 
cc 
C 
CL 
C 
cw 
C 
CD 
C 

PRESENT IF (IGOM.EQ.106 OR IGOM.EQ.107) AND NRASS.EQ.2 - 
- 

LENZON - 

1 = NUMBER OF WORDS - 

LENZON NUMBER OF INTERVALS IN THIS ZONING - 

- 

- 
- 

C----------------------------------------------------------------------- 

C 
cc PRESENT IF (IGOM.EQ.106 OR IGOM.EQ.107) AND NRASS.EQ.2 
C 
CL (MR (I) , I=l, LENZON) 
C 
CW LENZON = NUMBER OF WORDS 
C 
CD MR REGION NUMBERS ASSIGNED TO MESH INTERVALS 
C 

CR REGION ASSIGNMENTS BY SUBMESH INTERVAL (17D RECORD) - 

C-- 
CR 
C 
cc 
C 
CL 
C 
cw 
C 
CD 
CD 

PRESENT IF IGOM.EQ.106 OR IGOM.EQ.107 

(KSMESH(I),I=l,NOBJS), (KZONIG(I),I=l,NOBJS) 

2*NOBJS = NUMBER OF WORDS 

KSMESH 
KZONIG 

INDEX OF SUB-MESH FOR THIS OBJECT 
INDEX OF ZONING FOR THIS OBJECT 
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c----------------------------------------------------------------------- 
CR 
C 
cc 
C 
CL 
CL (XTRANS(1) ,I=l,NSCOMS), (YTRANS(1) ,I=l,NSCOMS), 
CL (IOBJ(1) ,I=l,NSCOMS) 
C 
CW 5*NSCOMS*MULT+NSCOMS = NUMBER OF WORDS 
C 
CD XO X COORDINATE OF ROTATION POINT 
CD YO Y COORDINATE OF ROTATION POINT 
CD THETA 
CD XTRANS 
CD YTRANS 
CD IOBJ 
CD 
CD 
C c----------------------------------------------------------------------- 

- COMPONENT DESCRIPTION (22D RECORD) 

PRESENT IF IGOM.EQ.106 OR IGOM.EQ.107 
- 
- 
- 
- (XO(1) ,I=l,NSCOMS), (YO(1) ,I=l,NSCOMS), (THETA(1) ,I=l,NSCOMS), - 
- 
- 
- 
- 
- 
- 
- ROTATION ANGLE, CLOCKWISE DEGREES 

X COORDINATE TRANSLATION DISTANCE 
Y COORDINATE TRANSLATION DISTANCE 
INDEX OF AN OBJECT OR COMPONENT 

- 
- 
- 
- POSITIVE FOR OBJECT 

NEGATIVE FOR COMPONENT - 
- 

GEOMETRY NAME (23D RECORD) 

PRESENT IF IGOM.EQ.106 OR IGOM.EQ.107 

CMN= 

MULT*NAMLEN = NUMBER OF WORDS 

GENAME HOLLERITH GEOMETRY NAME (A61 
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PRESENT IF IGOM.EQ.106 OR IGOM.EQ.107 

C----------------------------------------------------------------------- 

C - 

C - 

CR GEOMETRY DESCRIPTION (25D RECORD) - 

cc PRESENT IF IGOM.EQ.106 OR IGOM.EQ.107 - 
CL (XO(1) ,I=l,NSCOMS), (YO(1) ,I=l,NSCOMS), (THETA(1) ,I=l,NSCOMS), - 
CL (XTRANS(1) ,I=l,NSCOMS), (YTRANS(1) ,I=l,NSCOMS), - 
CL (IOBJ(1) ,I=l,NSCOMS) - 
C - 
CW 5*NSCOMS*MULT+NSCOMS = NUMBER OF WORDS - 
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 OBJECT OR COMPONENT - 
CD POSITIVE FOR OBJECT - 
CD NEGATIVE FOR COMPONENT - 
C 

C---- 
CR 
C 
cc 
C 
CL 
C 
cw 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 
C 
CD 
CD 

.--_---------------------------------------------------------------- 
BOUNDARY SEGMENT, CONDITION (26D RECORD) - 

PRESENT IF IGOM.EQ.106 OR IGOM.EQ.107 AND NEB.GT.0 
- 
- 
- 

Xl,Yl,X2,Y2,BTHETA,IB,IR - 

5*MULT+2 = NUMBER OF WORDS - 
x1 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 A N Y ) .  UNITS ARE DEGREES - 
IB BOUNDARY CONDITION - 

SAME OPTIONS AS IMBl IN 1D RECORD, PLUS: - 
7 - EXITING ANGULAR FLUXES REENTER ELSEWHERE - 
8 - EXITING ANGULAR FLUXES ARE MIRROR - 

IMAGED ABOUT THE PERPENDICULAR TO THE - 
SEGMENT AND THEN REENTERED ELSEWHERE - 

INDEX OF THE BOUNDARY SEGMENT THAT IS THE - 
RECIPIENT OF FLUXES EXITING THIS SEGMENT - 

- 

- 

IR 
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CODE DEPENDENT INTERFACE FILES GEOSING 

This file communicates the geometry information from the Solver module of 
TWODANTIGQ 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. 

FILE DESCRIPTIONS Version 3.0 15-61 



CODE DEPENDENT INTERFACE FILES LNK3DhT 

A , ~ I I x I I x I I - I * I  X I I I I  ~ 

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. 

~ . - -  --.. "___ ...-..- x ___I-..... 
L _.,...,...* ___I....".-̂  I-*- *---.."-r ---- X I  -". 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C DATE 02/15/95 - 
C 
CF LNK3DNT - 

FINE MESH MIXING FILE - CE 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- 

- 

NOTE THAT DOUBLE PRECISION VOLUME FRACTIONS 
ARE GIVEN WHEN MULT=2 

C---- 
CR 
C 
CL 
C 
CW 
C 
CD 
CD 
CD 

15-62 FILE DESCRIPTIONS Version 3.0 



CODE DEPENDENT INTERFACE FILES LNK3DNT 

FILE DESCRIPTIONS Version 3.0 15-63 

, 



CODE DEPENDENT INTERFACE FILES MACRXS 

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: 



CODE DEPENDENT INTJ2RFACE FILES MACRXS 

C - 
CD NGROUP NUMBER OF ENERGY GROUPS IN FILE - 
CD NMAT NUMBER OF MATERIALS IN FILE - 
CD NORD NUMBER OF LEGENDRE SCATTERING ORDERS - 

CD TO THE BASIC PRINCIPAL CROSS SECTIONS) - 

CD MAXUP MAXIMUM NUMBER OF UPSCATTER GROUPS - 
CD MAXDN MAXIMUM NUMBER OF DOWNSCATTER GROUPS - 
CD NPRIN NUMBER OF PRINCIPAL CROSS SECTIONS - 
CD I2LP1 0/1 = NO/YES 2L+1 TERM WAS INCLUDED IN LIBRARY - 
C - 
C----------------------------------------------------------------------- 

CD NED NUMBER OF EXTRA EDIT CROSS SECTIONS (IN ADDITION - 
CD IDPF 0/1 NO/YES CROSS SECTION DATA ARE DOUBLE PRECISION - 
CD LNG NUMBER OF THE LAST NEUTRON GROUP(F0R COUPLED SETS) - 

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 - 

(HMAT(1) ,I=l,NMAT) , (HED(J) , J=l,NEDT), (VEL(N) ,N=l,NGROUP) , 
1 (EMAX (N) , N=l , NGROUP) , EMIN 
(NMAT+NEDT+2*NGROUP+l)*MULT=NUMBER OF WORDS - 

HMAT(1) HOLLERITH MATERIAL LABEL FOR MATERIAL I (A6) - 

VEL (N) MEAN NEUTRON VELOCITY IN GROUP N (CM/SEC) - 
EMAX (N) MAXIMUM ENERGY BOUND OF GROUP N (EV) - 
EMIN MINIMUM ENERGY BOUND OF SET (Ev) - 

- 

HED (J) HOLLERITH LABEL FOR J-TH CROSS SECTION POSITION(A6)- 

NEDT NED+NPRIN - 

THE FOUR BASIC PRINCIPAL CROSS SECTIONS 
ALWAYS PRESENT ARE: 

HED(1) = 3HCHI 
HED(2) = 6HNUSIGF 
HED(3) = 5HTOTAL 
HED(4) = 3HABS 

ALSO PRESENT WHEN NPRIN=5 IS: 

HED(5) = 5HTRANS 

CR 
C 
CL 
C 
cw 
C 
CD 
C 
CN 
CN 
CN 
CN 
CN 
CN 
C 
CN 
C 
CN 
C 

PRINCIPAL CROSS SECTIONS FOR GROUP N - 

((C(1,J) ,I=l,NMAT) ,J=l,NEDT) - 
NMAT*NEDT*MULT=NUMBER OF WORDS - 
C (1, J) PRINCIPAL CROSS SECTIONS - 

- 

- 
- 

- 
BASIC PRINCIPAL CROSS SECTIONS ALWAYS PRESENT ARE: - 

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 
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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.0 

(SCAT (I) , 1=1 , 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 L FROM 1 TO NORD AND OVER J FROM 1 TO 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, 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. 

- 

- 

- 
- 

- 
- 
- 
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The RAF%XM 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; Le., angles for each level of a quadrant. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C DATE 12/13/85 - 
C 
CF RAFLXM - 
CE CODE DEPENDENT COMPUTATIONAL-OFtDERED ANGULAR FLUX AT CELL - 
CE EDGES FOR TWODANT CODE - 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- 

- 

CR FILE IDENTIFICATION 
C 
CL HNAME, (HUSE(1) ,I=1,2) ,IVERS 
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C 
CW 
C 
CD 
CD 
CD 
CD 
CD 
CD 
C 
C-- 

1+3*MULT=NUMBER OF WORDS 

HNAME HOLLERITH FILE NAME - RAFLXM - (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----------------------------------------------------------------------- 
CR 
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 - 

NUMBER OF THIRD DIMENSION FINE MESH INTERVALS. - CD NINTK 
NINTK.EQ.l IF NDIM.LE.2 CD 

CD EFFK EFFECTIVE MULTIPLICATION FACTOR 
POWER IN WATTS TO WHICH FLUX IS NORMALIZED CD POWER 

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

- SPECIFICATIONS (1D RECORD) 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 

HORIZONTAL EDGE ANGULAR FLUX 

((HEDGE(I,J),I=NBDRYI),J=l,NINTJ) 

NBDRYI*NINTJ*MULT=NUMBER OF WORDS 

HEDGE(1,J) HORIZONTAL-EDGE-BOUNDARY ANGULAR FLUX 
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CL ((VEDGE(1,J) ,I=l,NINTI) ,J=l,NBDRYJ) 
n 
\r 

CW NINTI*NBDRYJ*MULT=NER OF WORDS 
C 
CD VEDGE(1,J) VERTICAL-EDGE-BOUNDARY ANGULAR FLUX 
C 
CD NBDRYJ 
CD 
C 

NINTJ+l (NUMBER OF SECOND DIMENSION FINE MESH 
BOUNDARIES ) 

VERTICAL EDGE 

CEOF 
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The RAFLXM 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 RAFLUX 
only in that the fluxes are in different order. In RAFLXM, the fluxes are in calculational 
order. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C DATE 0 3 / 0 3 / 9 5  - 
C 
CF RAFLXM 
CE CODE DEPENDENT COMPUTATIONAL-ORDERED ANGULAR FLUX AT CELL - 

EDGES FOR TmEDANT CODE - CE 
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 

*************(REPEAT FOR ALL GROUPS) 
* (GROUP 1 IS FIRST) 
* ********(REPEAT FOR ALL FRONT-GOING DIRECTIONS) 
* * COMPUTATIONAL COSINES ALWAYS 
* * CELL BACK-EDGE ANGULAR FLUX FOR BACK PLANE * ******* 
* 
* ******* (REPEAT FOR ALL Z-INTERVALS) 
* (INTERVAL NINTK IS FIRST) 
* * ******(REPEAT FOR ALL FRONT-GOING DIRECTIONS) 
* * * COMPUTATIONAL COSINES ALWAYS 
* * * HORIZONTAL-EDGE ANGULAR FLUX ALWAYS 
* * * VERTICAL-EDGE A N G m  FLUX ALWAYS 
* * * CELL FRONT-EDGE ANGULAR FLUX ALWAYS * * ***** 
* * ****** 
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cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
C 

* 
* 
* * COMPUTATIONAL COSINES ALWAYS * * CELL FRONT-EDGE ANGULAR FLUX FOR FRONT PLANE 

********(REPEAT FOR ALL BACK-GOING DIRECTIONS) 

* ******* 
* 
* *******(REPEAT FOR ALL 2-INTERVALS) 
* (INTERVAL 1 IS FIRST) 
* * ******(REPEAT FOR ALL BACK-GOING DIRECTIONS) 
* * * COMPUTATIONAL COSINES ALWAYS 
* * * HORIZONTAL-EDGE ANGULAR FLUX ALWAYS 
* * * VERTICAL-EDGE ANGULAR FLUX ALWAYS 
* * * CELL BACK-EDGE ANGULAR FLUX ALWAYS * * ***** 
* * ****** 
************* 

C----------------------------------------------------------------------- 
CR SPECIFICATIONS (ID 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 WATTS TO WHICH FLUX IS NORMALIZED - 
C - 
C----------------------------------------------------------------------- 

Mu COSINE 
ETA COSINE 
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LEFT 4 

L 
I 

\ 
N 

0 
0 

FRONW 
0 

0 
0 

0 
/ 

0 

\ 
\ 

BOTTOM 

CEOF 
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RMFLUX 

The RMFLUX code-dependent file contains, in binary form, the spherical harmonics 
regular angular flux moments for all spatial h e  mesh points and all energy groups. It is 
optionally produced by the Solver Module. 
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CODE DEPENDENT INTERFACE FLES 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. 

ALWAYS 
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CD NORD 
CD EFFK 
CD POWER 
CD OITNO 

NUMBER OF LEGENDRE MOMENTS - 
EFFECTIVE MULTIPLICATION FACTOR - 
POWER IN WATTS TO WHICH FLUX IS NORMALIZED - 
OUTER ITERATION NUMBER - 
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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 
N O D  set to zero so that scattering cross sections wilI not appear on the created 
SNXEDT file. 

ALWAYS 
NORD.NE.0 
NORD-NE. 0 
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CL NGROUP,NISO,NORD,NED,IDPF,LNG,MAXUP,MAXDN,NPRIN,I2LPl - 
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 TO THE BASIC PRINCIPAL CROSS SECTIONS) - 

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 I2LPl 0/1 = NO/YES 2L+1 TERM WAS INCLUDED IN LIBRARY - 
C - 
C----------------------------------------------------------------------- 

CD NED NUMBER OF EXTRA EDIT CROSS SECTIONS (IN ADDITION - 

CD IDPF 0/1 NO/YES CROSS SECTION DATA ARE DOUBLE PRECISION - 
CD LNG NUMBER OF THE LAST NEUTRON GROUP(F0R COUPLED SETS) - 

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(1) ,I=l,NISO), (HED(J) ,J=l,NEDT), (VEL(N) ,N=l,NGROUP), 
1(EMAX(N) ,N=l,NGROUP) ,EMIN 

(NISO+NEDT+2*NGROUP+l)*MULT=NUMBER OF WORDS 

HIS0 (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) = (N) MAXIMUM ENERGY BOUND OF GROUP N (EV) 
EMIN MINIMUM ENERGY BOUND OF SET (EV) 
NEDT NED+NPRIN 

THE FOUR BASIC PRINCIPAL CROSS SECTIONS 
ALWAYS PRESENT ARE: 

HED(1) = 3HCHI 
HED(2) = 6HNUSIGF 
HED(3) = 5HTOTAL 
HED(4) = 3HABS 

ALSO PRESENT WHEN NPRIN=5 IS: 

HED(5) = 5HTRANS 

CN 
CN 
CN 
CN 
CN 
CN 
C 
CN 
C 

BASIC PRINCIPAL CROSS SECTIONS ALWAYS PRESENT ARE: - 

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: 
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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.0 
- 
- (SCAT (I) , 1=1 ,NTAB) 

NTAB*MITLT=NUMBER OF WORDS 

SCAT (I) 

NTm 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 SCATTER INTO GROUP - 
N. THE FIRST SOURCE GROUP NUMBER IS IFSG AND 
THE LAST IS IFSG-NGPB+1. THE NORD BANDS FOR THE - 
FIRST ISOTOPE APPEAR FIRST (PO, P1, .... ) 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. 

- 
- 
- 
- SCATTERING CROSS SECTION - 

- 

- 

- 
- 

- 
- 
- 
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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**********************************************************************- 

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 

***********(REPEAT 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 

***********(REPEAT FOR ALL GROUPS) 
* LEFT BDRY TRANSFER VECTOR 
* RIGHT BDRY TRANSFER VECTOR *********** 

FINE MESH DENSITY FACTORS 
FINE MESH DENSITY VECTOR IN X 
FINE MESH DENSITY VECTOR IN Y 
FINE MESH DENSITY VECTOR IN 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 ALBEDOES 
BACK ALBEDOES 
SINGLE CHI ARRAY(FISSI0N SPECTRA) 

*********** (REPEAT FOR ALL ZONES) 
* CHI ARRAY (FISSION SPECTRA) 

QUADRATURE WEIGHTS 
QUADRATURE COSINES 

***********(REPEAT FOR ALL MOMENTS) 
* SOURCE SPECTRUM 

* *********(REPEAT FOR ALL GROUPS) 

*********** 

* SOURCE SPATIAL VECTOR (S) 

NHEAD.GT.0 

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 
LDENZ=l 
MCOPT>O 

IEVT=4.AND.IXM=l 
IEVT=4. AND. IYM=l 
IEVT=4.AND.IZM=l 
IGRPSN= 1 
IBEDOL.NE.0 
1BEDOR.m. 0 
IBEDOB.NE.0 
IBEDOT-NE. 0 
IBEDOF.NE.0 
IBEDOK.NE.0 
INCHI=l 

ALWAYS 

INCHI=2 

IQUAD=3 
IQUAD=3 

IQOPT=l 
IQOPT=2 
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- 
CL IEVT, ITH, ISCT, ISN, IQUAD, ISTART,ICSM, INCHI,IBL, IBR, - 
CL 1 ID=, IPVT, I2ANG, IQOPT, IQAN, IQL, IQR, OITM, IITL,ITM, - 
CL 2 ITLIM,I1, FLUXP, XSECTP,FISSRP,SOURCP,GEOMP,IANG, IACC,IRMFLX,- 
CL 3 IGRPSN, IAFLUX,ISBEDO,IBALP, DUM3, IBB, IBT, IITLD,IQT, IQB, - 
CL 4 IXM, Im, IZM, IDENY, IDENZ, ITMPMX, MFGACC, JUPDCH, - 
CL 5 JACC, IBF, IBK, MCNHIS, MCNHST, MCNTR, MCITS, MCOPT, MCNRS, - 
CL 6 MCPRNT, MCSEED, IMTSRC, IMBSLA, IMBSRA, IMBSBA, IMBSTA, IQF, IQK,- 
CL 7 IBEDOL, IBEDOR, IBEDOB, IBEDOT, IBEDOF, IBEDOK, NOSIGF, I P W ,  
CL 8 JSRITE, JSBOTT, JSTOP, JSLEFT, EIGONLY, FCNRAY, FCNTR, NODAL 
CL 9 NPROC. AVATAR 
CL 8 (DUM5(I) ,1=1,22) 
C 
CW 100=NUMBER OF WORDS 
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 
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 
INCH1 
IBL 
IBR 

IDENX 

IPVT 
I2ANG 
IQOPT 
IQAN 
IQL 
IQR 
OITM 
IITL 
IITM 

ITLIM 
I1 
FLUXP 
XSECTP 
FISSRP 
SOURCP 
GEOMP 
ANGP 
IACC 
IRMFLX 

IGRPSN 
RAFLUX 
ISBEDO 
IBALP 

TYPE OF CALCULATION 
0/1 - DIRECT/ADJOINT CALCULATION 
LEGENDRE ORDER OF SCATTERING 
ANGULAR QUADRATLEU3 ORDER 
SOURCE OF QUADRATURE SET 
FLUX GUESS FLAG (ZERO FOR ONEDANT) 
0/1 - NO/YES 
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 
ACCELERATION TYPE (FIXED AT 2 FOR ONEDANT) 
WRITE CODE-DEPENDENT ZONE FLUXES 

IN-SOLVER MIXING(FR0M ASSIGN= ) 

GROUP DEP SN ORDERS (GRPSN) READ IN 
0/1 - NO/YES WRITE ANGULAR FLUX FILE FtAFLUX 
ALBEDO OPTION 
0/1 - NO/YES PRINT BALANCES BY ZONE 
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CD 35 
CD 36 
CD 37 
CD 38 
CD 39 
CD 40 
CD 
CD 41 
CD 42 
CD 43 
CD 44 
CD 45 
CD 46 
CD 47 
CD 48 
CD 49 
CD 50 
CD 
CD 51 
CD 52 
CD 53 
CD 54 
CD 55 
CD 56 
CD 57 
CD 58 
CD 59 
CD 
CD 60 
CD 61 
CD 62 
CD 63 
CD 64 
CD 
CD 65 
CD 66 
CD 
CD 67 
CD 68 
CD 69 
CD 70 
CD 71 
CD 72 
CD 73 
CD 73 
CD 75 
CD 76 
CD 77 
CD 78 

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 
IMBLSA 
IMBSRA 
IMBSBA 
IMBSTA 

IQF 
IQK 

IBEDOL 
IBEDOR 
IBEDOB 
IBEDOT 
IBEDOF 
IBEDOK 
NOSIGF 
IPLANT 
JSRITE 
JSBOTT 
JSTOP 
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 

NOT USED 
0/1/2/3/4 - BOTTOM BDRY CONDITION 
0/1/2/3/4 - TOP BDRY CONDITION 
TIMELIMIT IN SECONDS 
-1/0/1/2/3/4/5 TOP BOUNDARY SOURCE OPTION 
-1/0/1/2/3/4/5 BOTTOM BOUNDARY SOURCE OPTION 

0/1 - NO/YES 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 TURN 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/ALBEDO SPATIAL DISTRIBUTION 
0/1/2 
0/1/2 
0/1/2 - NONE/TOP ALBEDO/ALBEDO SPATIAL DISTRIBUTION 
0/1/2 
0/1/2 - NONE/BACK ALBEDO/ALBEDO SPATIAL DISTRIBUTION 
0/1 - NONE/SET NUSGF ZERO FOR SOURCE PROBLEMS 
0/1 - NONE/PLANET VARIABLE PFU3SENT 

- 
- 

- NONE/RIGHT ALBEDO/ALBEDO SPATIAL DISTRIBUTION - 
- NONE/BOTTOM ALBEDO/ALBEDO SPATIAL DISTRIBUTION- - 
- NONE/FRONT ALBEDO/ALBEDO SPATIAL DISTRIBUTION - - 

- 
- 
- O/i = NO/YES WRITE RIGHT BOUNDARY FLUX AT i 

O/i = NO/YES WRITE BOTTOM BOUNDARY FLUX AT i 
O/i = NO/YES 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 
(RESERVED FOR TIME DEPENDENCE) 
0/1 NO/YES WRITE THE AVATAR FILE 

- 
- 
- 
- 
- 
- 
- 
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CL 2 (DUM(1) ,I=l,lO), 
CL 3 EFACT, TO, TS, EOM, SIGTH, TRCOR, PLANET, FCSRC, XMCSB, XMCBLT, - 
CL 4 (DUMl(1) ,1=1.55), 
CL 5 (EXTRAS~I) ,I=i,iio) 
C 
CW 20O*MULT=NUMBER OF WORDS 
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 
C 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 

91 

Ev 
NORM 
EPSO 
EPSI 
BHGT 
BWTH 
EVM 
PV 
XLAL 
XLAH 

XLAX 
POD 
EPSR 
EPSX 
EPST 

DUM 

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 
EIGENVALUE MODIFIER 
PARAMETRIC VALUE 
LAMBDA LOWER LIMIT FOR SEARCHES 
LAMBDA UPPER LIMIT FOR SEARCHES 

SEARCH CONVERGENCE CRITERION 
PARAMETER OSCILLATION DAMPER 
DIFFUSION PERIODIC BDRY ITERATION COW. 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 
C 
CN 

CN VARIABLE 

THIS RECORD IS THE SAME FORMAT AS THE RAW FLOATING DATA - 
CN RECORD ABOVE, BUT IT CONTAINS THE DEFAULTED VALUES FOR EACH - 
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CL 
C 
cw 
C 
cs 
cs 
cs 
C 
CD 
C 

- 
(DEN(1) ,I=l, IT) ----NOTE STRUCTURE BELOW---- 

IT*MULT=NUMBER OF WORDS 

DO 1 K=l,KT 
DO 1 J=1, JT 

1 READ (N) *LIST AS ABOVE* 

IT NUMBER OF FINE MESH INTERVALS 

c - 

CL (DEN(1) ,I=l,IT) 
C 
CW IT*MULT=NUMBER OF WORDS 
C 
CD 
C 

IT NUMBER OF FINE MESH INTERVALS IN X DIRECTION - - 

cc PRESENT IF IDENY.EQ.l 
C 
CL (DEN(J),J=l,JT) - 
C - 
CW JT*MULT=NUMBER OF WORDS - 
C - 
CD JT NUMBER OF FINE MESH INTERVALS IN Y DIRECTION - 
C - 

C-------------------------------------------------- 
CR FINE MESH DENSITY VECTOR IN Z 
C 
cc PRESENT IF IDENZ.EQ.l 
C 
CL (DEN(K) ,K=l,KT) 
C 
CW KT*MULT=NUMBER OF WORDS 
C 
CD KT NUMBER OF FINE MESH INTERVALS IN Z 
C 

CR 
C 

MONTE CARLO OPTION PARAMETERS 

cc PRESENT IF MCOPT.EQ.l 
C 

C 
CL (JBND(1) ,I=1,2) 

CW 2*MULT=NUMBER OF WORDS 
C 
CL (IBND(1) ,I=1,2) 
C 
CW 2*MULT=NUM!3ER 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 
cw 
C 
CD 
C 

IGM*MULT=NUMBER OF WORDS 

IGM NUMBER OF ENERGY GROUPS 

(MCTSRC (I) , I=l, 12) 
12*MULT=NUMBER OF WORDS 

(EGIM (G) , G=l , IGM) 

IGM*MULT=NUMBEX OF WORDS 

IGM NUMBER OF ENERGY GROUPS 

(MIMP(K) ,K=l,IMJM) 

IMJM*MULT=NUMBER OF WORDS 

1MJ-M NUMBER OF COARSE MESH INTERVALS 

(VIMP(K) ,K=l,ISN/2) 

ISN/2*MULT=NuMBER OF WORDS 

ISN SN ORDER 

~. 
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C 
CL (RM(1) , J=l,JM) 
C 
CW JM*MULT=NUMBER OF WORDS 
C 
CD JM NUMBER OF COARSE MESH INTERVALS 
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- 
CW NGROUP*MULT=NUMBER OF WORDS 
C 

C 
cc 
C 
CL 
C 
CW 
C 
cs 
cs 
cs 
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 

1 READ(N) *LIST AS ABOVE" 

C 
C-- 
CR 
C 
cc 
C 
CL 
C 
cw 
C c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
C 
cc PRESENT IF IBEDOB.EQ.2 
C 
CL (BBEDO(N),N=l,NGROUP)----NOTE STRUCTURE BELOW---- 
C 
CW NGROUP*MULT=NUMBER OF WORDS 
C 
CS DO 1 K=1,KT 
CS DO 1 I=l,IT 
CS 1 READ(N) *LIST AS ABOVE" 
C 

CR 
C 
cc 
C 
CL 
C 
CW 
C 
C 
C 
cc 
C 
CL 
C 
cw 
C 
cs 
cs 
cs 
C 

TOP ALBEDOES 

PRESENT IF IBEDOT.EQ.1 

(TBEDO (N) ,N=l,NGROUP) 

NGROUP*MULT=NUMBER OF WORDS 

PRESENT IF IBEDOT.EQ.2 

(TBEDO(N),N=l,NGROUP)----NOTE STRUCTURE BELOW---- 

NGROUP*MULT=NUMBER OF WORDS 

DO 1 K=1,KT 
DO 1 I=l,IT 

1 READ(N) *LIST AS ABOVE* 

CR FRONT ALBEDOES 
C 
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cc PRESENT IF IBEDOF.EQ.l 
C 
CL (FBEDO (N) , N=l , NGROUP) 
C 
CW NGROUP*MULT=NUMBER OF WORDS 
C c - - - - - - - - - - - - - - - - - - - - - 
C 
cc 
C 
CL 
C 
cw 
C 
cs 
cs 
cs 1 
C 

PRESENT IF IBEDOF.EQ.2 

(FBEDO(N),N=l,NGROUP)----NOTE STRUCTURE BELOW---- 

NGROUP*MULT=NUMBER OF WORDS 

DO 1 J=1, JT 
DO 1 I=l,IT 
READ(N) *LIST AS ABOVE* 

FILE DESCRIPTIONS Version 3.0 15-91 

.. . 



CODE DEPENDENT INTERFACE FILES SOLINP 

15-92 FILE DESCRIPTIONS Version 3.0 



SOLINP CODE DEPENDENT INTERFACE FILES 

C 
CS DO 1 K=l,KT 
CS DO 1 J=l,JT 
CS 1 READ(N) *LIST AS ABOVE* 
C 
C 

CR 
C 
cc 
C 
CL 
n 

BOUNDARY ISOTROPIC SOURCE (LEFT SHOWN) 

PRESENT IF 1BL.EQ.-1 .AND. IDIMEN.EQ.l .AND. GROUP.EQ.l 

(SILEFT (N) , N=l, NGROUP) 
L 

CW NGROUP*MULT=NUMBER OF WORDS 
C 
CD SILEFT (N) LEFT BOUNDARY SOURCE FOR GROUP N 
C c --- --- --- --- --- --- --- --- --- --- --- 
C 
cc 
C 
CL 
C 
cw 
C 
cs 
cs 1 
C 
CD 
CD 
CD 
CD 
CD 
CD 
C 

PRESENT IF 1BL.EQ.-1 .AND. IDIMEN.GT.l 

(SILEFT(J),J=l,JT)----NOTE STRUCTURE BELOW---- 

JT*MULT=NUMBER OF WORDS 

DO 1 K=1,KT 
READ(N) *LIST AS ABOVE* 

SILEFT (J) 

JT 

KT 

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. 

PRESENT IF IBL.EQ.+l 

(SALEFT(M) ,M=l,MMHALF) ----NOTE STRUCTURE BELOW---- 

MMHALF*MULT=NUMl3ER OF WORDS 

DO 1 K=l,KT 
DO 1 J=1, JT 

1 READ(N) *LIST AS ABOVE* 

SALEFT (M) 

MMHALF 

LEFT BOUNDARY ANGULAR SOURCE DISTRIBUTION FOR 
THE GROUP AT INTERVAL (J,K) 
NUMBER OF INCOMING ANGLES IN THE SOURCE 
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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**********************************************************************- - DATE 02/09/95 - C 
C 
CF 
CE 
C 

- UCFLUX 
CODE DEPENDENT UNCOLLIDED FLUX RESTART FILE - 

- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 
C 
CN THIS FILE ALLOWS A RESTART WHEN USING THE FCSRC OPTION 

cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
C 
cc 
cc 
C 
C--- 

***************(REPEAT FOR NSGRP GROUPS) * UNCOLLIDED FLUX MOMENTS ALWAYS 
*************** 

NSGRP IS THE NUMBER OF GROUPS WITH AN INHOMOGENEOUS 
SOURCE 

C 
CL 
C 
cw 
C 
CD 
CD 
CD 
CD 
C 
C-_-- 

NHSTOT,NXYSCORE, IPRFNTR,NWDS 

4 =NUMBER OF WORDS 

NHSTOT 
NXYSCORE 
IPRFNTR 
NWDS 

NUMBER OF RAYS TRACED 
NUMBER OF RAYS TERMINATED 
NUMBER OF PREVIOUS TRIALS 
TOTAL NUMBER OF WORDS IN FILE 
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L 

cw 
C 
CD 
CD 
CD 
CD 
C 

4 =NUMBER OF WORDS 

WTMIN MINIMUM RAY WEIGHT 
WTMAX MAXIMUM RAY WEIGHT 
WTTOT TOTAL RAY WEIGHT 
PTIME CPU TIME 

L 

cc 
C 
CL 
n 

PRESENT IF I2.GT.O 

((NTENTR(1,J) ,I=l,IT) ,J=l,JT) 

CR 
C 
cc 
C 
CL 
C 
cw 
C 
CD 
CD 
I- 
L 

INTEGRAL FLUXES 

PRESENT IF I2.GT.O 

(2D RECORD) 

((FLRT(I,J),I=l,IT) ,J=l,JT), ((FLRT2(I,J),I=l,IT) ,J=l,JT) 

IT*JT*2 =NUMBER OF WORDS 

FLRT (I, J) 
FLR2T (I, J) 

INTEGRAL FLUXES FOR VARIANCE CALC - 
INTEGRAL FLUXES**2 FOR VARIANCE CALC - 

CL 
CL 
n 

(FCRL(1) ,I=l,IGM), (FCLL(1) ,I=l,IGM), (FCTL(1) ,I=l,IGM), 
(FCBL (I) , I=l , IGM) 

L 

cw IGM*4 =NUMBER OF WORDS 
C 

FCRL (I) FCSRC CD 
CD FCLL (I) FCSRC 
CD FCTL (I) FCSRC 
CD FCBL (I) FCSRC 
C 

RIGHT LEAKAGE (UNNORMALIZED) 
LEFT LEAKAGE (UNNORMALIZED) 
TOP LEAKAGE (UNNORMALIZED) 
BOTTOM LEAKAGE (UNNORMALIZED) 
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OVERWRITTEN 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 
“ONEDAN”, TWODANT, TWOHEX, TWODAN’UGQ, 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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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 
Program Identification: 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 (ke~f 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, multigroup form of the 

neutral-particle, steady-state form of the Boltvnann 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 W s i o n  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 
( L O ,  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: 

processor and data transfer speeds. 
Running time is directly related to problem size and to the computer's central 
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7. 

On the Cray-XMP, a 69 energy group [with 40 thermal (upscatter) groups], 
S16, P3 scatter, 500 space-point keff calculation for a light water reactor requires 
about 48 sec CPU time. 

A 30 energy group, S16, 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 neutrodgarnma 
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 
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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TWODANT ABSTRACT 
1. Program identification: TWODANT 

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: 
TWODANT solves the two-dimensional multigroup transport equation in x-y, 

r-z, and r-8 geometries. Both regular and adjoint, inhomogeneous (fixed source) 
and homogeneous &E 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. 

4. 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-difference 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. 

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 
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6. 

7. 

8. 

9. 

10. 

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-XMP, a four group, adjoint calculation of the 
eigenvalue of an R-2 model of the Fast Test Reactor (FTR) took 15 seconds. The 
calculation used transport corrected Po cross sections, an S4 angular quadrature, 
and a 31 by 68 spatial mesh. 

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. 

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. 

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 Difhsion Accelerated Neutral Particle 
Transport Code System”, LA-12969-M, have been submitted to the Radiation 
Shielding Information Center. 
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TWODANT/GQ ABSTRACT 
1. Program identification: TWODANT/GQ 

2. Computer for which Program is designed 
Cray computers running UNCOS 

3. 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 &,E 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. 

4. 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 diffusion 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. 

6. RunningTime: 
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 Po cross sections, an S4 square angular 
quadrature, and a 56 by 56 spatial mesh. 
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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. 

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. 

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: 
TWOHEX 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 characteristichodal scheme is used for spatial 
discretization. There is no negative flux fixup 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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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 (FTR) 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). 

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. 

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. 

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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THREEDANTABSTRACT 

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-0 geometries. Both regular and adjoint, inhomogeneous (fixed 
source) and homogeneous 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 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 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 diffusion 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. 
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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 Sg angular quadra- 
ture, and a 14x14~30 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 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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